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E INVENTION 1. Field of the Invention The present invention relates to
conmuni CMO 89y06883- tens and nore particularly to two-way tel ECFHnR$/04621
tion systens enploying central nessage transmitting stations and Earth
orbit relay satellites to transfer nmes:lsages between nobile terminals and
t he central staions.
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ALTERNATING SEQUENTIAL HALF DUPLEX COMMUNICATION SYSTEM

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to communication systems
and more particularly to two-way telecommunication systems
employing central message transmitting stations and Earth
orbit relay satellites to transfer messages between mobile
terminals and the central stations. The invention further
relates to a two-way telecommunication system using a
sequential, alternating, half duplex communication pattern
to reduce complexity and power requirements for each
terminal while providing reliable communications between a
large number of mobile system users.

Background of the Art

There is an ever increaéing need for communication
systems to provide message delivery or brief <transfers of
information between a central communication office or
dispatcher and a number of remote system users. There are a
substantial number of commercial, governmental, and private
applications requiring the delivery of relatively short

messages to or from a large number of geographically

" dispersed terminals, or mobile transceivers, often on an

irregular basis. The need for message services includes
such diverse applications as government services (military,
law enforcement, legislative) where secure communications
are desired, forestry, resource management, disaster relief
or coordination, aviation, navigation, commercial transport
or transportation, and message delivery services.
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The iwsrggigf&sgurther relates to a two-way tel ecommu- ni catpcoryrsgsoaeaiusi ng
a sequential, alternating, half du- -plex communication pattern to reduce

conpl exity and power requirenments for-gach term nal while providing
reli abl e comuni cati ons between a | arge nunber of nobile systemusers. 2.
Background of the Art There is an ever increasing need for conmuni cation
systens to provi de nessage delivery or brief transfers of information
bet ween a Centé%ke%°@¥§“ﬁ¥gécqhéq&égetgé interstate trucking industry
where dispatchers wish to communicate short messages to
trucks located anywhere in continental U.S., especially in
rural areas. Presently the transfer of such messages is
5 restricted to periodic telephonic communication between
drivers and a central dispatcher or contact person.
Currently, truck drivers must call long distance from many
remote geographic locations to retrieve messages or to
update delivery and pick-up schedules. However, it is hard,
10 if not impossible, for drivers to consistently "call in" at
fixed, scheduled, times since telephone services are not
always readily available in many areas. The conventional
"call in" approach also creates accounting problems and
major personal inconvenience by requiring vehicle drivers to
15 use money or charge cards for long distance calls at
substantial cost even when no updated message or information
is transferred. .
Aside from conventional telephone systems, other
communication systems have attempted to address the mobile
20 market. Radio telephone, cellular telephone, and portable
radio transceivers (CB) are all capable of providing some
form of communication between a mobile transceiver and a
base unit. However, these communication systems suffer from
several drawbacks and have proven inadeqguate as message
25 communication systems for serving a large number of widely
dispersed users.

" Current mobile communication services operate on a
limited number of high frequency, low data rate, channels
and have many more potential users than system capacity.

30 Many systems, like cellular telephone, employ frequency
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diﬁéatcher and a nunber of renote systemusers. There are a substanti al
nunber of commercial, governnental, and private applications requiring the
del i ver ywah 8906883 ti vel y short nessages to or froma | arge nuhDERS88/04621
geographically dispersed termnals, or nobile transceiv- ers, often on an
i rregul ar basis. The need for nessage seBwi ces includes such diverse
applications as govern- net services (mlitary, |aw enforcenent,

| egi sl ative) where secure communi cations are desired, forestry, resource
managenent, disaster relief or coordination.

reuse across an array of cells to increase capacity, with
each cell having a short transmission range to increase
frequency reuse and reduce interference. However, these
lower power transmissions are more prone to fregquency

5 selective fading and signal blocking and require highly
mobile users to frequently change channels as new cells are
traversed. These systems are also prone to sudden
communication 1loss when no channels are available in
adjacent cells.

10 Cellular systems economically serve large metropolitan
areas but leave many urban and most rural areas without any
service or direct coverage at all. Messages for these areas
are switched to conventional telephone or satellite carriers
for 1long distance transfers to ground based systems which

15 eliminates the flexibility desired. There ar no direct
satellite communication systems.

Direct communication, non-cellular, using traditional
mobile radio transceivers also requires constant monitoring
of a variety of freguencies all of which are crowded with

20 existing traffic. These services, like cellular telephone,
are subject to frequent system overload and signal
degradation from several interference sources which makes
them incapable of handling a large volume of traffic. These
transceivers also have a low range imposed by the need to

25 prevent interference with other communication systems.

- Communication systems based on Earth orbital relay
satellites have been proposed as a new approach to solve
many communication problems, especially coverage of
geographically diverse, 1low user density or rural areas.

30 Several systems have been proposed or developed to operate
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avi at“%l 90688 3gat|on commercial transport or transport tapCP/LSSspeseRESSage
delivery services. O her exanples include the interstate trucking indus-

try where dispatchers wish to communiLgate short nmes- sages to trucks

| ocated anywhere in the continental United States, especially in rural
areas. Presently the transfer of such nessages is restricted to periodic
tel e- phoni c communi cati on between drivers and a central dispatcher or

cont act person. Currently, truck drixgrs nust cal | Iong di stance fram nmany
renot e g§5§pg§m(3orbxta relay satellites and centra communication

stations. Examples of such systems are found in U. S.
Patent Nos. 4,291,409 and 4,455,651.
However, the high gain, low interference requirements
5 imposed on such systems, especially in regards to adjacent
Earth orbit relay satellites or concurrent satellite users,
requires the use of large, narrow-beam, receiver antennas on
the order of 4 feet or more in diameter, which eliminates
mobile applications. In addition, these satellite systems
10 are limited to low data transfer rates which severely limits
the number of potential users and data transfer capacity.
Otherwise, tracking and demodulating a high data rate
satellite signal requires very high speed, complex, and
éxpensive, receivers that also consume a lot of power for
15 signal scanning and processing even when not receiving
messages. Such equipment is impractical for a commercial
message system. _
What is needed is a communication system that allows
continuous delivery of messages and related communication
20 parameters or control information to a large number of users
over a large geographical area. The system needs to provide
a return link for message acknowledgment and responses. A
system that allows the development of a complete private
digital data network. The system needs to be cost
25 effective, simple ¢to operate, maintain, and install, and
minimize antenna requirements. The system should also
automatically adjust to handle many transfer errors
associated with a mobile environment.
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Ldéations to retrieve nmessages or to update delivery and -2- pick-up
schedul es. However, it Is hard, if not inpossi- ble, for drivers to

consi st egld yo/06u8s! in" at fixed, sched- uled, tinmes since telPqiy$88/04621
services are not always readily available in ny areas. The conventi onal

"call in" approach al so creates account€sig probl ens and

SUMMARY OF THE INVENTION

With the above problems of the art in mind it is a
purpose of the present invention to pfovide a two-way
message communication system capable of accommodating a

5 large number of geographically diverse users.

Aan advantage of the present invention is that it
provides a modulation scheme that provides performance
comparable to a predetermined signal to interference ratio
in any interference scenario encountered.

10 Another purpose of the invention is to use a novel
modulation, coding, and multiplexing technique which allows
an inexpensive two-way mobile terminal with a very small
antenna suitable for use on a moving vehicle, to receive and
transmit data reliably using a satellite repeater.

15 Yet another purpose of the invention is to provide a
modulation and coding scheme that is implemented digitally,
preferably as firmware in signal processing cths of the
VLSI type and in microcomputers.

Another advantage of the present invention is that the

20 communication signals can be more effectively screened from
existing communication services.

Yet another advantage of the present invention is a

high performance, cost effective, and flexible
implementation.
25 Still another advantage is that the present invention

provides a modulation and coding scheme that allows mass

production of circuits and modules to be used for the
remaining analog functions for the mobile terminals.

An object of the invention is to allow flexibility in

30 data transfer rates so that receivers of differing transfer
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maj or personal inconvenience by requiring vehicle drivers to use noney or
char gewxaB9/9688% | ong di stance calls, at substantial cost REHUNEEN4 '
updat ed nessage or information is transferred. Aside from conventional

t el ephone systens, other communi cati onésystens have attenpted to address
the nobil e market Radi o tel ephone, cellular tel ephone, and portable radio
transceivers (CB) are all capable of pro- viding sone formof comunication
between a nobile transceiver and a base unit. However, these conmuni -

rates or capabilities are efficiently accommodated in a
sxngle system.

A further advantage of the system that results from the
latter object is that more energy per bit can be used to

5 compensate for unequal downlink power density across large
geographical areas.

These and other purposes, objects, and advantages are
realized in a message communication system for sending
messages between central communication stations and one or

10 more mobile terminals through Earth orbital relay stations
comprising at least one central communication station having
a first transceiver for transmitting a first communication
signal from the central station to one or more mobile
terminals and at least one mobile terminal having a second

15 transceiver for receiving the first communication signal and
demodulating it, and for transmitting at a predetermined
duty cycle for the second transceiver, a second
communication signal to at 1least one of the central
communication stations. The preferred predetermined duty

20 cycle over which the second communication signal is
transmitted is about fifty percent of the second transceiver
duty cycle. At the frequencies of interest the fifty
percent duty cycle is on the order of 10 - 20 milliseconds
in length.

25 In a preferred embodiment, the communication system
first and second transceivers transmit and receive Time
Division Multiplexed communication signals which comprise N
serial channels, with D data channels (D < N) wused for
transmission of message data and A address channels (where

30 A = N - D) used for transmission of address information.
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cg(ion systens suffer from several drawbacks and have proven inadequate as
nmessage comruni cation systens for serving a | arge nunber of w dely

di sper sedvOB9106883ir r ent nobi | e comuni cati on services oper at ePEH/GS38/9d62¢d
nunber of high frequency, |ow data rate, chan- nels and have many nore
potential users than system capacity. My systens, |ike cellular

t el ephone, enploy frequency reuse across an array of cells to increase
capacity, with each cell having a short transm ssion range to increase
frequency reuse and reduce interfer-

The address information is in the form of terminal addresses
where messages are designated to be sent.

The central communication stations employ a terminal
assignment device which determines which terminals in the

S system a message is directed to and, accordingly, assigns a
terminal address to the message; and a channel assignment
device for assigning each message to at least one of the
data channels for transmission. An address controller
transfers a terminal address and an associated data channel

10 assignment onto one of the address channels in response to
input messages intended for each terminal. Alternatively,
where a message is intended for several terminals, multiple
addresses are designated or assigned to a message. Also,
special group or all call addresses can be associated with

15 each receiver to facilitate multiple receiver addressing
with a minimum of address information when possible.

A message input control device is connected to the
channel assignment device and receives digital messages and
transfers them serially onto designated data channels in

20 response to an assignment from the channel assignment device
at a rate of one message per channel at a time. The input
message data is nominally transferred at a rate on the order
of at least 5,000 bits per second.

In a preferred embodiment the communication system

25 applies Golay [24,12) block coding to the digital messages
prior to transmission and applies a corresponding Golay
[24,12) block decoding process to resulting symbol data when
received. The Golay coding generates digital symbol data at
a rate on the order of 10,000 bits a second. 1In addition, a

30 checksum computation is performed on input digital messages
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ence. However, these | ower power transm ssions are nore prone to freg ency
sel ecw@®e9foe88hg and signal blocking and require highly moBETA-3B84H46 ijo
frequently change channels as new cells are traversed. These sys- terns are
al so prone to sudden communi cation | 68 when no channels are available in

adj acent cells. Cellular systens econom cally serve |arge netropoli- tan
areas but | eave many urban and nost rural areas w thout any service or
direct coverage at all. Messages for these areas are switched to

conventi Qnalh t£! $OPPEE of bits being added to the end of the message
for checksum verificaticn by the receiver.

In further aspects of the invention, the operating

frequency of the TDM communication signal is frequency

5 hopped at differing rates between the forward and return

links over a preseiected number of frequencies to decrease
the power density of communication signals.

A unique triangular waveform is used to modulate the RF

carrier center frequency with a 2 MHz peak to peak amplitude

10 and a period of 30.24 milliseconds. This causes a triangle
wave power dispersal so that the forward link has the same
interference characteristics as a single video carrier
saturating the transponder so that no unacceptable
interference 1is generated for satellites adjacent to or

15 within 2° from the satellite 20.

The central communication station uses an input or
conversion element to convert incoming message information
from digital or analog sources into digital messages at a
predetermined transfer rate on the order of 5,000 bits a

20 second. The digital messages are then used to modulate a
carrier to form the desired communication signal. The
transmitter is connected to at least one narrow-beam antenna
which directs communication signals to a preselected relay
satellite.

25 The communication system of the present invention uses
mobile terminals having small, portable, directable, narrow-
beam antennas connected to a demultiplexer and other means
for detecting, demodulating, and decoding the TDM
communication signal so as to receive message data. The

30 mobile terminals take advantage of the alternating duty

_—
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Qf/;atellite carriers for long distance transfers to ground based systens

which elim

nates the flexibility desired. There are no direct satellite

comruni cHQ 8%H0688% ens. -3- Direct communication, non-cel | SIGH/LSE¥0A¢21-

traditional

nobi l e radi o transceivers al so required constant noni- toring

of a variety of frequencies all of whictPare
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cycle for transmission and reception to monitor the
parameters of received signals and use changes as a guide to
alter return link signal characteristics. 1In addition, the
transceivers employ a single set of local oscillators for
both transmit and receive functions.

BRIEF DESCRIPTION OF THE DRAWINGS

The novel features of the present invention may be
better understood from the accompanying description when
taken in conjunction with the accompanying drawings in
which: .

Figure 1 illustrates an overall diagram of a
communication system operating according to the principles
of the present invention;

Figure 2 illustrates an overview of the message
encecding/decoding and channel multiplexing of communication
signals used in the system of Figure 1;

Figure 3 illustrates.a schematic representation of
exemplary circuit functions employed in a transceiver for
the system of Figure 1; and

Figure 4 illustrates a schematic representation of
exemplary demodulator/modulator circuit functions employed
in a transceiver for the system of Figure 1.

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
The present invention provides a method and apparatus
for transferring messages between one or more remote, mobile
terminals and a series of one or more central communication
stations or Hubs. The communication system provides this
information transfer for a large number of users by using a

.*_~__________“__§__-
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crowde ' |sting trafric. These services, like cellu- . e,
are SUSY§%®HF§§#requgnt system over| oad and si gnal degradat?@ﬁyﬁsgﬁlseveral
interference sources which makes themjgpcapable of handling a | arge vol une
of traffic. These transceivers, also have a | ow range i nposed by the need
to prevent interference with other comruni cation systens. Conmuni cation
system based on Earth orbital relay satellites have been proposed as a new

approach to sol ve many communi cati on groblens, especially cover-
Time Division Multiplexed (TDM) communication signal having

message transfer channels and receiver address channels
which are used in an alternating half duplex mode. That is,
forward link and return link transmissions or reception for
5 the central communications stations as well as mobile
terminals alternate between a send and receive mode on a
predetermined periodic basis to allow use of common elements
in the up and down conversion chains as well as in the IF
elements to minimize complexity and costs. = At the same
10 time, this alternating communication scheme allows TDM mode
tracking and error correction which improves communications.
An overview of a communication system operating
according to the principles of the present invention is
illustrated in Figure 1. 1In Figure 1, a communication
15 system 10 is illustrated having a mobile terminal (not
shown) mounted in a vehicle such as a truck 12. The truck
12 represents any of a variety of vehicles whose occupants
desire to obtain occasional or updated information, status
reports, or messages from a central communication source.
20 As previously discussed, truck drivers or various drayage
personnel often have a need for ready access to messages for

more efficient operation.
It is also very desirable to have a mobile system user
be able to communicate at least some form of limited message
25 or acknowledgment to the central control station in response
to received messages. A reply message may prevent the need
for further communications or may indicate a need for an
additional instruction or updated message from new
information provided by a vehicle driver. At the same time,
30 by providing for a return link of communication, even if
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agg of geographically diverse, |ow user density or rural areas. Several
systens have been proposed or devel - oped to operate through orbital relay
satel | it S¥OR9P688%- tral conmmunication stations. Exanpl es of PGINUEER/04624
are found in U S. Pat. Nos. 4,291, 409 and 4, 455, 651. However, the high
gain, lowinterference require. nents i mddsed on such systens, especially
In regard to adjacent Earth orbit relay satellites or concurrent satel-
lite users, requires the use of |large, narrow beam re- ceiver antennas on
the order of 4 feet or nore in diane-

limited 1in content, it is possible to incorporate other
features into the communication link such as simple message
acknowledgment to provide verification of message receipt by
the terminal whether or not the driver operates on the

5 information. Other automatic responses may also be
configured into the operation of the transceiver such as
location and vehicle status.

The return link allows a driver to enter messages such
as a verification of time and delivery information, or a

10 report on current position or other status information.

A message is transmitted to the truck 12 from a central
transmission facility or terminal 14 referred to as a Hub
facility. The central terminal or Hub 14 can be placed at a
location such as a trucking terminal or central dispatch

15 office allowing lower cite costs and local, direct, access
to transmission equipment for maintenance and system
upgrade.

‘Alternatively, the Hub 14 is located in a remote
location more ideally suited for low interference ground-to-

20 satellite transmission or reception. 1In this case, one or
more system user facilities in the form of central dispatch
offices, message centers, or communication offices 16 are
tied through a telephonic, optical, satellite, or other
dedicated communication link to the Hub 14. In addition,

25 for 1large numbers of remote customer message centers, a
message or network management center 18 can be employed to
more efficiently control the priority, access, accounting,
and transfer characteristics of message data.

The Hub 14 or management center 18 can be interfaced

30 to existing communication systems using well known
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ter, Weigrdy6dsssi nates nobile applications. In additon, thepeTyB588/04622
systens are limted to |low data transfer rates which severely limt the

nunber of potential users and data trgpsfer capacity. Qtherw se, tracking

and denodul ating a high data rate satellite signal requires very high
speed, conpl ex, and expensive receivers that al so consune substanti al
anounts of power for signal scanning and proccessing even when not

recei ving nes-_ sages. Such equipnent is. inpractical fof a conmercia
message gagﬁgﬁacéy equlpmeng ghch as hlgﬁ peed modems or codecs

which feed message signals into the communication system 10.
High speed data management computers can also be used to
determine message priorities, authorization, length, type,

5 accounting details, and otherwise control access to the
communication system 10.

The Hub 14 employs an Extremely High Frequency (EHF)
transceiver to establish an forward and return link or up
and down link communication paths with a geosynchronous

10 Earth orbiting relay or repeater satellite 20. These 1links
are maintained at one or more of a number of preselected
frequencies or frequency ranges. A typical satellite system
employs a series of repeater transponders for transmitting
12 GHz frequency signals for TV or radio transmissions to

15 ground stations. '

The preferred embodiment of the communication system 10
employs uplink and downlink carrier frequencies in the EHF
Ku band to allow access through the transponders on existing
or new communication satellites already launched or planned.

20 The communication system 10 can take advantage of unused or
excess satellite capacity at these frequencies and does not
require the launching of its own, new, dedicated satellites.
Therefore, the benefits of the present invention are
immediately available without additional expensive satellite

25 technology. However, the communication system 10 can also be
implemented at other frequencies dependent upon available
satellite transponders and can provide improved
communication through some ground based repeaters.

The Hub's transmission signal is transferred through a

30 diplexer 22 to an antenna 26. The antenna 26 comprises a
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7
4°- -4- What is needed is a comunication systemthat al- |ows
continuous delivery of nessages and rel ated com nmunication paraneters or

control mH®9/pER8PN to a | arge nunber of users over a |arge gPQUyEHE8/04821
area The system needs to provide a return link for nmessage ac- know edgnent

and responses. The system al so needs to-33-~

very small aperture antenna for directing the communication
signal 24 to a single orbiting satellite.
A forward link communication signal, designated 24a, is
transmitted through the antenna 26 to the communications
5 satellite 20 at the preselected uplink carrier frequency.
The communication signal 24a is received by the repeater
satellite 20 where it may be translated to a second
frequency for the downlink transmission 24b. Those skilled
in the art of communications understand the apparatus needed
10 to perform this reception and conversion function which are
known in the art. Using different frequencies for the uplink
and downlink communication signals reduces interference.
Current satellites typically support a number of
independent communication channels with about 48 Mhz of
15 bandwidth. These satellites use polarization isolation to
obtain frequency reuse, with one set of channels operating
at one polarization (horizontal or vertical) and another set
operéting at the same frequency with an offset of 1/2
channel and operating with a 90° polarization shift. This
20 90° polarization shift is normally applied between forward
link and return link communications for one communication
channel with one transponder used for the uplink and one for
the downlink.
The transmitted forward downlink signal 24b is received
25 by a mobile transceiver 70 (Fig. 4) through a small,
generally directional antenna 30. The antenna 30 is
constructed to have about 15 dB of gain and to be
directional within a 40-50° elevation beamwidth and 6-10"
azimuthal or orbital arc beamwidth. The antenna 30 is
30 mounted so that it is capable of being continuously rotated
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al | owWe\B9/06882nt of a conplete private digital data net wP&kI/H$R8/64631 em
needs to be cost effective; sinple to operate, nmaintain, and install; and

m nim ze antenna requirenents. The syd&fiem shoul d al so automatical ly adj ust
to handl e nmany transfer errors associated with a nobile environnent SUMVARY
OF THE I NVENTION Wth the above problens of the art in mnd it is a purpose
of the present invention to provide a two-way nessage commication system

capabl e @fyACEHMBY degree arc and has an unobstructed filed of view
for the satellite 20. The antenna 1is connected to an

antenna pointing and tracking control system 74 (Fig. 4) for
tracking the satellite 20 as the vehicle 12 changes position

5 relative to the satellite. An exemplary antenna rotation
mechanism is found 'in co-pending U. S. Patent Application

SN. , , and an exemplary method of satellite tracking
is disclosed in co-pending U. S. Patent Application SN.
, both of which are assigned to the assignee of the

10 present invention.

Messages, or message data, are transferred into the Hub
14, or control station 18,.where they are converted into
digital message signals which at a rate on the order of
5,000 bits per second. Those skilled in the art will

15 readily wunderstand that the teachings of the present
invention apply to higher, or lower, data transfer rates
when circuitry operating at the appropriate speed is
'employed. Messages can be received directly as digital data
at various bit rates and accumulated or stored for

20 translation to the desired system transfer rate.

- Alternately, messages are received as audio message signals
that are keyed in by system operators to form the desired
message signals. In addition, some message information is
generated internally or directly by the network management

25 center 18 for communicating system type data, such as time,
terminal assignments, rates, etc.

Each message signal can be subjected to a variety of
coding, encryption, or error detection and correction
schemes prior to transmission. Where desired, individual

30 terminals can employ unique codes or ciphers to provide

/\
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dating a | arge nunber of geographically diverse users. An advantage of the
present invention is that it pro- vides a nodul ati on schene that provides
per f or maN¢@ 820683 abl e to a predeternined signal to i nt er f er e /4S§B(0462 1,
any interference scenario encountered. Appther purpose of the invention is
to use a novel nodul ation, coding, and nbftiplexing technique which allows
an i nexpensive two-way nobile termnal with a very snmall antenna suitable
for use on a noving vehicle, to receive and transmt data reliably using a
satellite

secure message delivery capabilities. However, to reduce

transmission errors and provide for error correction for all

messages transmitted by the communication system 10, at

least two encoding steps are implemented for all digital
5 messages or message data.

One step comprises applying a system 10 checksum
algorithm to the digital message data. In the preferred
embodiment, the checksum algorithm employs on the order of
30 bits of information to indicate the values resulting from

10 checksum computations which are used to detect transfer
errors. An exemplary checksum formula for use in the
communication system 10 is the computation of the
polynomial: x3% + %%+ %%+ %%+ X + 1. when calculating this
checksum the address field (see below) of a message is

15 ignored so that channel addresses do not alter checksum
values.

A second step comprises encoding all data, message,
instructions, or addresses, using a Golay [24,12]) block code
to encode every 12 bit block of information, including

20 checksum, type and recipient information, into 24 Dbinavy
symbols for transmission. These 24 bits are then
transferred at the desired system transfer rate. Using the
Golay [24,12] block coding scheme means that 5,000 bits of
message data forms a 10,000 bit encoded symbol stream for

25 transmission. Therefore, the system 10 transmission signal
rate is about 10,000 binary symbols or bits per second to
accommodate the 5,000 bit per second input data rate. On
the recepﬁion end, the code symbols or blocks are decoded to
regenerate the 12 bit blocks of information. As known in

30 the art, the operation of a Golay [24,12] or similar code
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repeater. Yet another purpose of the invention is to provi fion
and cUﬂPﬁﬁlégﬁ%ne that is |nplenented digitally, preferabl &X?L$§ﬂﬁtare I n

si gnal processing chips of the VLS Xge and in mcroconputers. Another
advant age of the present invention iS*Phat the conmuni cation signals can be
nore effectively screened from exi sting comruni cation services. Yet another
advant age of the present invention is a high performance, cost effective,
and flexible inple-

acts to minimize transmission error by decreasing the impact
of single bit errors on a data stream through spreading the
data out over multi-bit patterns. Each bit error affects
only a fraction of a bit in the message which is effectively

5 compensated for by the error correction schemes used until
very high error rates occur.

The encoded message symbols are used to modulate a
frequency generator or source such as a Direct Digital
Synthesizer which creates an FM modulated carrier, at a

10 preselected frequency which is up-converted to the desired
EHF band for transmission to the satellite 20. The encoded
symbols can be used to drive a BPSK modulator which is
coupled to the carrier wave source for the communication
system 10.

15 In the preferred embodiment, each symbol is shifted in

| phase from the previous symbol, either -90° to indicate a ©
or +90° to specify a 1. This is referred to as Differential
Advance Retard Keying and improves acquisition by the
terminal because every symbol contains a phase transition.

20 To decrease interference and accommodate a large number
of terminals at potentially different burst rates, a Time
Division Multiplexed (TDM) transmission scheme is used. The
TDM approach divides the total transmitted (or received)
spectrum into temporal increments or frames of predetermined

25 length. Messages or message signals transmitted in or by
the communications system 10 are allocated portions of this
time controlled sequence known as channels, and no other
signal uses the system at exactly the same time. The
allocated portions or channels are very small, temporally,

30 and their interleaving across successive frames very large
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‘ment ati on. -5- Still another advantage is that the present invention

provi desyg ngggt ion and coding schene that allows mass proggqyi o§s @;521
circuits an dules to be used for the remaining anal og functions #

nobile term nals. An object of the inveation is to allow flexibility |n

S0 that communication appears simultaneous to all

terminals. Methods and apparatus for generating,

transmitting, and controlling TDM signals are well known in

the communication art and can be accomplished using a
5 variety of signal multiplexing and control devices.

Each frame consists of a number of channels which
represent substantially identical, sub-frame length periods
during which symbols are transferred. This means that
messages or message signals are transferred a few bits at a

10 time during each successive frame until the message is

completed. The preferred embodiment divides each frame

into 25 sub-frames or channels. However, those skilled in
the art will readily understand that the number of channels
depends on the transmitting speed of the communication

15 system 10, number of users to be accommodated, and frequency
hopping schemes as described below.

In using the TDM approach, information is generally
sent over the communication signals 24a, 24b in discrete
packets. The communication system can accommodate packets

20 of differing lengths between 4 to 256 characters each,
depending on the type, burst rate, or size of messages being
transferred. In addition, the messages, preformatted or
free-form, are generally limited to 2000 characters in
length to facilitate transfer speed and high message

25 capacity.

~ Each packet 1is generally segmented into fields of
information such as the type of message, typically a 6 bit
entry to distinguish between possible alternative system
formats, the 1length of the message, to allow proper

30 tracking, the body of the message, and the checksum bits.
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data tr ates so that receivers of differing transferp
capabiW??gé@E e efficiently accommbdated in a single system Ae$88? 621

advant age of the systemthat results fromthe |latter object is that nDre
energy per bit can be used to conpensat® for unequal downlink power density
across | arge geographi cal areas. These and ot her purposes, objects, and
advantages are realized in a nessage comruni cati on system for sending
nmessages between central comrunication sta-

There is also an address field of 24 bits associated with

each message as discussed further below. Those skilled in
the art will readily understand that some "zero packing"
will be used from time to time to assure a uniform frame

5 size regardless of overlapping message lengths, varying
packet sizes and transmission rates, or empty channels.
However, unused channels generally will have random data
transmitted to improve tracking and acquisition of channels
by transceivers.

10 To assure that each transceiver is tracking and
demodulating a designated channel, a series of codes or code
masks can be used with the data to detect tracking errors.
That is, short bit patterns can be added to the data
transferred by each channel to allow automatic

15 differentiation from data in adjacent channels. Once a
transceiver commences demodulating one channel it records
the code mask for that channel. The mask is used to - decode
or demodulate all data received until the end of the
message. If the transceiver erroneously uses data from

20 adjacent channels, the code mask will prevent incorporation
into the message.

In order to further reduce interference by increasing
isolation and, thereby, increase the system 10 message
capacity, Frequency Hopping (FH) of the carrier frequency

25 can be used. An FH technique spreads the power densiti of
the signal 24 over the entire transponder 48 MHz bandwidth,
reducing downlink power density which minimizes interference
with other communication services and provides processing
gain which the transceivers use in rejecting the

30 interference of other services. The basic technigues of FH-
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tions and one or nore nobile termnals through Earth orbital relay stations

conpri si Rgg %Pdéggzt one central communication station having pchisss/o4s21
transceiver for transmtting a first conmunication signal fromthe cen-

tral station to one or nore nobile ternipglks and at | east one nobile

term nal having a second transceiver for receiving the first comunication

signal and denodu- lating it, and for transmtting at a predeterm ned duty

cycle for the second transceiver, a second conmunica- tion signal to at

| east one O%D&het%%%%%¥sé¥ggg”“céglknown in the communication art and
also provide a vehicle for spreading a signal out over a
given bandwidth so that transmission errors caused by
frequency selective fading or other aberrations only affect

5 a small portion of the signal. At the same time, frequency

hopping according to a unique pattern allows some degree of
security for some system 10 users.

In the preferred embodiment, the forward link FH scheme
comprises dividing the appropriate forward link (downlink)

10 transponder bandwidth (11.7 - 12.2 Ghz) into 240 frequencies
located approximately 2.5 MHz apart. The hopping rate for
the frequencies of interest is on the order of 200
frequencies per second covering the 240 discrete hopping
frequencies before recycling. This means that the dwell time

15 for each frequency is about 5 milliseconds. If each TDM
frame is transmitted at a new frequency then each frame is
about 5 milliseconds long and the size of each channel is
roughly 0.20 milliseconds in length.

The frequency hop pattern can comprise a simple 1linear

-20 progression from high to low or vice versa, but a more
complex pattern based on a pseudo-randomly generated
frequency selection sequence is preferred. However, those
skilled in the art will also recognize that a TDM signal
without frequency hopping will benefit greatly from the

25 method and apparatus of the present invention.

Returning to the desired transmission rate of 10,000
symbols per second or 1 symbol every 0.10 millisecond, it is
seen that each frame period allows 2 symbols to be
transmitted per channel. This would imply a transmission

30 rate of forty-eight (48) code symbols every frame. However,
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st at i one 89Je88pr ef erred predeterm ned duty cycl e over whi cRCTeS8846462d
communi cation signal is transmtted is about fifty percent of the second
transcei ver duty cycle. At the frequeR®i-es of interest the fifty percent
duty cycle is on the order of 10-20 mlliseconds in length. In a preferred
enbodi ment, the communi cation sys- temfirst and second transceivers
transmt and receive respectively Tinme Division Miltiplexed conmunica- tion

signal's Wy ciinCOBPE | 56cbbeebhal thBAPRRIRr rd erfbodiment uses a fifty
(50) symbol transmission rate for each frame with the first
symbol period employed for settling time to assure that the
transceiver has 1locked onto, and the transmitter is
5 accurately within, the selected frequency and not offset due

to the changing characteristics of the frequency source.

The second symbol is used as a phase reference for the
third symbol in the stream of fifty symbols, with the third
symbol being the first message symbol. Each successive

10 symbol is used as a phase reference for the next. This
relies on a differentially coherent demodulation scheme as
opposed to an absolute phase reference since absolute
reference approaches are more complicated and extremely
difficult to achieve in a mobile communication system.

15 The code blocks or symbols are divided into alternating
groups or sequences. That is, every other code block is
selected and placed in one 24 symbol group for transmission.
This separates every other code symbol from its adjacent
symbol which spreads code symbols that are close together in

20 code to be far apart in time. This interleaves the code
blocks to provide a means of minimizing signal errors
generated as a burst of errors in a sequence by spreading
the message signal over a wide signal bandwidth.

The FH-TDM type communication signal 24a is transmitted

25 by the Hub 14 through the repeater satellite 20 (where it
becomes signal 24b) to all of the terminals within a given
geographical zone or region serviced by the satellite. This
zone can be as large as an entire country, or as narrow as a
small state depending on the application. However,

30 regardless of the zone covered by the satellite, each
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data channels (D [err]N) used for transm ssion of nessage data and A
address channels (where A=N-D) used for transm ssion of addr

i nf or matWéh89/66883 address information is in the formof termi %3?”&&5?’8%@?@5

where nmessages are designated to be sent. -6- The central communi cation
stations enploy a term - -21-

terminal in that 2zone normally would have to detect,
monitor, and demodulate the signal 24b in order to receive
messages. If the messages are simply applied across all of
the channels, then each transceiver has to continuously

5 track, demodulate, and decode the entire wide bandwidth
signal to assure reception of a relevant message. This
would be required because every message header or lead-in in
every channel would have to be scanned by each transceiver
to verify which terminal is designated to receive the

10 message. For large numbers of users this requires very
high speed, complex, demodulation circuitry to accomplish.
Since speed and complexity increase system cost and decrease
reliability, this is undesirable.

In the present invention, terminal selection is

15 accomplished using a new terminal or transceiver addressing
technique for TDM communication signals which comprises a
two part addressing scheme. This technique is explained in
greater detail in copending U. S. Patent Application SN.
___+____ also assigned to the assignee of the present

20 invention.

In this technigue, each terminal is assigned a unique
system address which is known to all Hub 14 transmitters or
system management centers 18 used by the communication
system 10. The terminal address establishes an individual

25 identity for each terminal in the system. This address is
generally set at the time of terminal manufacture or
installation and can be made unalterable by a transceiver
user or made dynamically changeable by the system 10

depending upon the system requirements or costs. In the
30 preferred embodiment, the transceiver addresses are
-
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nal assE? n@&% devi ce which deternmines which term- nals i@ qf)

nessag 89/86883ct ed to and, accord- ingly, assigns a term na agggess to

t he message; and a channel assignnment_ V|ce for assigning each nessage to
at least one of the data channels for t%ansmission. An address controller
transfers a term nal address and an associ ated data channel assignnent onto
one of the address channels in response to i nput nessages intended for each

termnal. Alternatively, where a nessage is intended for several termnals,
mul ti pl e delsligeatedaror determined by a 19 bit address term making

approximately 524,288 (219) terminal addresses available
which allows a very large number of users for the message
communication system 10.

5 In addition to the "individual" address, terminals can
also respond to specialized "system" addresses such as a
"group" address (if applicable), an "all-call" address, or
other "conditional" addresses. By providing these alternate
addresses to which a terminal, can respond, it is possible

10 to very efficiently transfer single messages to an entire
system or a group of terminals without sending the same
message to every designated transceiver over a longer
transmission period. This also provides for the
transmission of system type information such as time of day,

15 service changes, etc., to all terminals on a periodic basis,
by interleaving these types of messages into otherwise
unused channel capacity.

With terminal addresses defined, the communication
channels in the FH-TDM communication signals 24 and 28 are

20 divided into an address portion of A channels and a data or

' message portion of D=N-A channels. In the preferred
embodiment A is 4 and D is 21. However, other values for
the total number of channels and address channels can be
used depending upon specific system requirements.

25 The A address channels are used to transmit address
information and designations for those terminals whose
messages are being transmitted by the Hub 14. The D data
channels are used to transmit the messages for the
designated terminals. The transmission of each message

30 address precedes the transmission of that message by a
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designated or assigned to a nessage. Al so. special group or all cal
addresses can be associated with each re- ceiver to facilitate multiple
recei ver WI89/86883ng with a m ninum of address informtion wh@CHESESMHE1 A
nmessage i nput control device is connected to the channel assignnment device
and receives digital nes- sages and tramsters them serially onto designated
data channels in response to an assignnent fromthe channel assignnent
device at a rate of one nessage per channel at a tinme. The input nessage
data is nomnally trans-

predetermined period of time to allow a terminal to adjust

its tracking circuitry and synchronize with the appropriate
channel before the arrival of the message.

The address channels are typically designated as system

5 channels 1, 2, 3, ... etc. However, these channels can be

separated by data channels where channel tracking either

permits or desires this spacing for transceiver

demodulation. In addition, the number of channels can be

dynamically adjusted by the system 10 to accommodate several

10 problem situations. One problem arises when there are a

great number of messages, saturating the address channels

but the messages are short, thus leaving excess data channel

capacity. In this situation, a data channel could be

reassigned to be an address channel. The opposite problem

15 occurs when there are an average number of messages but they

are all maximum 1length. The system 10 may find it

advantageous to use one of the address channels for data to
decrease the number of messages being backlogged.

This addressing scheme means that address information

20 only needs to be demodulated at a fraction of the

communication signal rate allowing each transceiver to

monitor the communication signal 28 at this lower rate until

it detects its address. When a terminal detects its

address, accompanied by a channel assignment, the

25 transceiver switches to the appropriate channel and begins

demodulating and receiving the message. Therefore, it will

be apparent to those skilled in the art that transceivers

are not demodulating nor decoding the entire, or even a

majority of the communication signals 28 transmitted by the

30 communication system 10. This allows a less complex and
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ferreWQB96883% ¢ on the order of at l|east 5,000 bits per sBESAGSS/QH63!
preferred enbodi nent the connunicathg%sys- tem applies Golay [24, 12] bl ock

coding to the digital mnmessages prior transm ssion and applies a corre-
spondi ng Gol ay [24,12] bl ock decodi ng process to re- sulting synbol data
when recei ved. The Gol ay coding generates digital synbol data at a rate on
the order of 10,000 bits a second. In addition, a checksumconputa- tion is
per f or nesll owe r nppeedi geceap tiess aggswi t whishr reduces power and cost

while increasing reliability and ease of construction.
Where desired, each transceiver can be assigned a specific
address channel to monitor, dynamically or fixed, which

5 further reduces processing to a 1/N rate for both addressing
and message demodulation.

Reception and decoding of ‘communication signals is
illustrated in further detail in Figure 2. In Figure 2, an
incoming communication signal comprising interleaved code

10 symbols 50 is received by each transceiver on a series of
signal channels 52 which are frequency hopped in a sequence
of hops 54. The messages are received on the data channels
56 while address information is received on the address
channels 58.

15 The digital code symbols comprise the code block
symbols described above and are received at a rate of two
symbols per channel per frequency hop. There are two extra
symbols received during each hop with the first disregarded
or lost due to settling of the transceiver and  the second

20 being wused to obtain the phase required to track the third
symbol. Therefore, there are forty-eight information
symbols per frame in each hop and 48 symbols received for
each channel after 24 hops.

After 48 symbols are accumulated they are sorted into a

25 first and second series of symbols shown in Figure 3 as "A"
symbols and "B" symbols with each group having 24 symbols.
Both message and address code symbols are sorted into 24
symbol code blocks 60 using a sorting step and apparatus.
This process removes the interleaving previously impressed

30 on the code symbols as they were transmitted. As can be
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of bits bei ng added to the end of the nessage for check- sumverification

by each I,V In further aspects of the invention, the op
3{;8@?/0[6%3 r asy | PR $§h904621

frequen

TDM contruni cation signal is fre- quency hopp

differing rates between the forward and yeturn |inks over a presel ected
nunber of frequen- cies to decrease the power density of conmuni cation

signal s.

10

15

20

25

30

readily wunderstood by those skilled in the art, those
symbols that were close in code are transmitted far apart in
time which provides isolation from errors as previously
discussed.

Every block of 24 symbols, "A" or "B" is decoded into
successive 12 bit blocks 62 using a Golay {24,12] decoder.
The Golay [24,12] decoding step yields 12 bit blocks of
transmitted data. This data will be generated or received
at about 5,000 bits per second as originally transmitted
(before encoding). The 12 bit blocks of information now
comprise a series of address assignments or messages
depending on which channel they were received on.

The output of the address channels 56 comprises 24 bit
length information sequences 64 which use 19 bits to specify
a transceiver address within the communication system 10 and
5 bits to indicate a channel selection for receiving a
message directed to that transceiver. Each message has an
address 24 bit segment associated with it which is
segregated from the message and transferred over the address
channels to flag an appropriate transceiver.

The output of the message or data channels S8 comprises
a series of successive 12 bit blocks 68 which comprise a
header that indicates the type of message, including its
length, a main body of the message and a series of checksum
bits for error detection. The 1length of <the incoming
message is important so that the transceiver can properly
track the entire message or provide an indication of error
if the entire message is not received.

As previously discussed, it is clearly understood that
address information for a transceiver is sent before the
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A uni qygotgojgesgsl ar waveformis used to nodul ate the RF car PICAyLS88/04621
frequency wth a 2 MHz peak to peak anplitude and a period of 3024

m |l liseconds. This causes a triangl e-as~ power dispersal so that the for-
ward link has the sane interference characteristics as a single video
carrier saturating the transponder so that no unacceptable interference is
generated for satellites adjacent to or within 2[err] fromthe satellite.

The Cent%%ségggunlcatkggng&§£ko () %%éé"%hannel The amount of
vlead time" for transmitting address information depends on
the channel switching speed of the transceivers as would be
known by those skilled in the art. The address must be

5 provided prior to the message by a time period equal to this
switching time plus some settling time for the transceiver
to properly and accurately track the designated channel.

An exemplary transceiver for receiving the
communication signals and providing a message output is
10 illustrated in schematic form in Figure 3. In Figure 3, a
transceiver 70 is shown for receiving and demodulating
communication signals from the Hub 14 and satellite 20.
The transceiver 70 is connected to the antenna 30 through a
_ diplexer 32 for receiving the satellite downlink signal
15 24b which is transferred into a demodulator 72 for
demodulation into an encoded symbol stream (digital
message) .
The demodulafor 72 employs. elements known in the art
for down-converting the received communication signal 28 to
20 a lower IF frequency level and then symbol frequency level
(10K symbol bits per second). A local oscillator and other
reference signal sources would be provided for mixing with
the communication signal 24b along with one or more bandpass
filters. Once the signal 24b is demodulated and decoded it
25 is transferred to memory storage for accumulation of a
message and other processing steps. The demodulator 72
transfer rate is synchronized with the modulator used in the
Hub 14 or the satellite 20.
Synchronization for the transceiver 70 is accomplished
30 by tracking and synchron;zing.with the frequency hopping

—_—
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-conversion elenment to convert incom ng nessage infor- mation fromdigital
or anal ogw@®Y/06883 i nto digital nes- sages at a predeterm ned PCIS$88/04621 €
on the order of 5,000 bits a second. The digital nessages are then used to
-nodul ate a carrier to formthe desired gpywuni ca- tion signal. The
transmtter is connected to at | east one narrow beam antenna which directs
communi cation signals to a preselected relay satellite. The conmuni cation
system of the present invention uses nobile term nals having small,
portabl e, dﬁgggg%gleof the communication signals. Once a transceiver
has synchronized with ¢the frequency hopping of the TDM
signal frames then the internal frame timing is

automatically detected as well.

5 The mobile transceiver or terminal 70 incorporates a
low cost microprocessor or similar controller 74 for
implementing signal processing, acquisition, and

demodulation functions. A low noise amplifier 76 and the
conventional down-conversion chain of the demodulator 72,
10 provide a signal to the microprocessor . for signal
acqguisition, tracking and demodulation. Information from
the demodulator 72 or the microprocessor 74 is provided to
an antenna tracking and pointing controller 78.
The antenna 30 is generally swept through a series of
15 360 arcs by the controller 78, until a signal is detected
from the satellite 20, in the receiver's frequency range,
above a predetermined threshold. At this juncture one or
more tracking and signal processing algorithms are used to
determine the direction of highest signal strength and the
20 antenna tracks that direction relative to receiver or
vehicle 12 position or movement.

Many of the individual functions performed by or under
control of the microprocessor 72 are illustrated as separate
elements in Figure 4 for purposes of clarity. However,

25 those skilled in the art will readily appreciate that the
functions surrounded by the dashed line 75 can be performed’
in a single miniaturized circuit by an integrated circuit
microprocessor and related support chips. This allows
implementation in a high reliability, low cost, 1low power

30 consumption circuit or using VSLI technology.
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narr owbeam ant ennas connected to a denultipl exer and ot her ﬁ éﬁu i
det ectWﬁbs,Wm%dul ating, and decodi ng the TDM communi cat i or@‘i?g % SO as to
recei ve nmes- sage data. The nobile terjgnals take advantage of the
alternating duty cycle for transm ssion and reception to nonitor the
paranmeters of received signals and use changes as a guide to alter return

| ink signal characteris- tics. In addition, the transceivers enploy a
single set of local oscillators for both transmt and receive functions.

BRI EF DESCRI PTAONréEeivErDRAALNESS storage element 82 is connected to

the demodulator 72 for storing the address assigned to the
receiver 70 and used to determine the presence of a message
from the satellite 20 or Hub 14. The address storage
5 element 82 typically comprises a small ROM or similar memory
device connected to the microprocessor 74. The address can
be hardwired into the microprocessor structure itself such
as in the case of scratch memory, or internal RAM although
this may not be convenient or cost effective in many
10 applications. In addition, the use of a separate memory
element allows alteration by service personnel at a future
time where needed.
It is also possible to store the receiver address on a
portable storage element such as a magnetic strip or
15 cartridge which can be read by a card reader (not shown)
connected to the microprocessor 74. This would allow
individual communications system 10 users to move between
receivers which are permanently installed in a variety of
vehicles and automatically receive messages without
20 informing a central dispatcher of a new receiver location.
Once a receiver address matching that stored in the
address storage 82 is detected, the channel designated by
the corresponding address information is also received and
registered by the receiver 70. The receiver 70
25 automatically switches to synchronize reception on that
channel and begins demodulating a message signal.
If the antenna fails to track the communication signal
28 at any time during the reception of a message, or any
type of signal failure or blockage occurs, one oOr more
30 errors will be detected in signal demodulation and no

/
heet Has Been Replaced

"

THIS SHEET HAS B
REPLACED

EEN |



Tﬂe novel features of the present invention may be better understood from
t he acconpanyi ng descri pti on when taken in conjunction mﬁth1¥¢; .
acconpanWM89/86883 ngs in which: FIG 1 illustrates an overall I&SP%’%“%%‘ a

comuni ca- tion system operating accordiag_to the principles of the present
invention; FIG 2 illustrates an overview of the message en-
codi ng/ decodi ng and channel multi pl exi ng of commu- nication signals used in

the systemof FIG

message will be displayed. ‘Such errors would could include
premature termination of the message before the length,
time, specified in the message header or the failure of the
checksum verification process.

5 The demodulated communication signal is transferred to
a decoder 80 where Golay decoding occurs. At the same time,
a pseudo-random code source or other related code storage
element 84 provides any necessary code sequences required to
further decode a received message.

10 | The decoded message bits may be temporarily stored in a
memory element 86 before visually being displayed by a
display element 88. An exemplary display element comprises
a two to four row, twenty to eighty character wide display
unit capable of running from relatively low current. The

15 individual segments of the display can comprise LED, LCD,
electroluminescent, or discharge element type character
displays. Consideration must be given to the brightness
generally required in a vehicle environment to prevent undue
distraction of a drivers attention.

- 20 The display unit 88 should be as compact and
lightweight as possible so that it can be mounted in an
easily viewed location. In addition, the display can
incorporate a message ready indicator or message error
indicator so that the receiver users knows that a message

25 was sent.

Alternatively, the message can be interfaced to other
processing elements, such as a portable computer, through an
interface device or connector 92 or printed out by a hard
copy device 90, such as a small thermal printer.
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- 8 "ﬂ’?% 0%8{!5' ustrates a schematic representation of exemCTPl 888/04621cui t
functi'ons énp oyed in a transceiver for the systemof FIG 1; and FIG 4
illustrates a schematic representati edoef exem plary denodul at or/ nodul at or
circuit functions em ployed in a transceiver for the systemof FIG 1.

what has been described to this point is the forward
link which provides the advantage of delivering messages to
a large number of users in almost any location, metropolitan
or rural, throughout the country with high reliability and

5 relatively low cost.

However, the communication system 10 offers the added
advantage of a return communication link so that short
responses can be made to received messages where desired.

For the return link each transceiver or mobile terminal

10 uses a low power signal on the order of 1 Watt and an
antenna gain of about 19 dBi for a transmit power of 19dBW.
The return link is transmitted at a higher fregquency than
the forward link to decrease interference. The fregquency
chosen is in the typical satellite Ku band transponder range

15 between 14-14.5 GHz. However, as before other frequencies
can be employed for this return link.

The return 1link communications signal 28 uses a FH
waveform similar to the forward link but takes advantage of
typically slower data transfer rates occurring from a mobile

20 communications terminal. That is, return messages or data
are not going to be entered into a local terminal at high
speeds where a terminal operator is manually responding to a
message. Where acknowledge and other prestored signals are
used they are adjusted to a slower bit rate to comport with

25 the slower manual entry mode.

Since data is typically provided on the return link at
slower rates on the order of 100-140 bps maximum, and more
typically 22-48 bps, the FH rate needs to be decreased on
the return link in order to allow sufficient dwell time for

30 each channel to transmit the data. To transfer Golay
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DETAI LED DESCRI PTI ON OF A PREFERRED EMBODI MENT The present invention
provi de t and appara- tus for transferring nessages mef38/0gL OF
%%@6§%b /

nore re- ile termnals and a series of one or nore central
comruni cation stations or Hubs. The camyuni- cation system provides this
information transfer for a |large nunber of users by using a Tine Division
Mul ti- plexed (TDM comruni cation signal having nessage transfer channels
and recei ver address channel s which

(24,12) encoded data this becomes 280 symbols per second.
Therefore, the forward link rate of 200 fregquencies per
second should be reduced to about 60 fregquencies per second.

Messages being input to the transceiver 70 are

5 subjected to a rate 1/3, k=9 forward error encoding
convolutional code.

The small, portable and directable antenna 30 typically
has a beamwidth on the order of 6-10" , which is wide enough
to encounter more than one satellite. Therefore, steps are

10 taken to provide a return link waveform that does not
| interfere with existing services on adjacent satellites.

A direct sequence spread spectrum coding function is
applied to the return transmission to spread the signal out
over the transponder bandwidth and make the communication

15 signal 28 appear as relative noise to adjacent services.
For this application a short direct sequence pseudo-random
code is used. This code is typically applied to a direct
digital synthesizer or similar modulated frequency driver.

In the alternative, or in addition, either the forward

20 or return 1link communication signals are modified by
modulation with a special modulation waveform that disguises
the signal to other services.

All satellite communication services currently
configured to detect and prevent interference by standard

25 video data or signals since a majority of satellite usage is
for television and video type broadcast transfers.
Therefore, all satellite services, video or otherwise, must
be able to detect and isolate video signals which are
transmitted employing a triangular wave form of modulation.

30 In the present invention, this general waveform is mimiced
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are uswD 89y06883al t ernating hal f dupl ex node. That is, forwaPGT/U$88/@4631
return link transm ssions or reception for the central conmunications

‘stations as wel |

schene ald ovs, JOMERAE Lyatkhdd RALSVOT SShRERLEQR iWN SN gdPIOVES or

conmuni cat1 ons.

10

15

20

25

30

28 as video signals which are ignored. This is accomplished
by modulating the RF carrier center frequency for the Hubs
14 or transceivers 70 with a triangular waveform having a 2
MHz peak to peak amplitude and a period of 30.24
milliseconds. This causes a triangle wave power dispersal
so that the forward 1link has the same interference
characteristics as a single video carrier saturating the
transponder so that no unacceptable interference is
generated for satellites adjacent to or within 2° from the
satellite 20. The triangular modulation can be implemented
by altering the characteristics of a DDS output which will
accurately track a triangle wave and yet transfer more
information than a true video signal. To facilitate
frequency coordination, the center frequency is fully
synthesized at the Hub and mobile terminals and can be
placed anywhere within the transponder, after informing the
transceivers of the new center frequency. '

While interfefence by the transceiver 70 with other
services has been discussed, this is not the only
restriction on optimum operation. The transceivers 70 must
also be able to quickly and reliably acquire the Hub 14 or
satellite 20 transmissions and continue to track them while
moving. In addition to interference from other systems, the
transceivers 70 face interference and loss of signal due to
a variety of inherent impediments for mobile communications,
including doppler effects, fregquency fading, etc.

The present invention counters many of these problems
by assuming that there may be significant changes in the
transmission capability of the communication system 10 on a
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An overview of a conmunication system operating according to the principles
of the present invention is illustrated in FIG 1. In FIG 1, _a_ .

communi cAYOB89/06§83 tem 10 is illustrated having a nobile ternPRIIUI§RIP4621
shown) nounted in a vehicle such as a truck 12. The truck 12 represents any
of a variety of vehicles whose occupant53dé&sire to obtain occasional or
updated infor- mation, status reports, or nessages froma central com

muni cati on source. As previously discussed, truck driv- ers or various
drayage personnel often have a need for

very short time scale, interpreting any change to altered
environmental conditions, and adjusting for such changes.
Each transceiver 10 monitors the quality of or results of
communication with the Hub 14 and periodically adjusts

5 operational parameters to maintain or improve communication
links accordingly.

This is implemented in the present invention by
operating all transceivers in an alternating half-duplex
transmission/receive scheme. Transceivers are operated in a

10 half-duplex mode with transmissions done at a 50 percent
duty cycle to allow for continued antenna tracking and error
correction based on received downlink signals.

If at any time the downlink signal is 1lost then
transmission also terminates to assure that unacceptable

15 interference is not generated.

If the signal is lost, as previosuly stated, any
partial message is deleted from memory and not present for
display. However, another key criteria is that if there |is
no downlink then the transceiver uses this information to

20 recognize that there is no uplink. Actually an uplink may
be possible and the error could be in the receiver only.
However, the system assumes that without a downlink the
uplink information is either not being received or is no
longer needed. In any case, the transmitter function is

25 terminated if the receiver link is terminated for any
reason. ,

This provides a very good éafety feature for commercial
applications of the transceiver 70. If the reception were
to be interrupted for any reason, including a person

30 interfering with reception by stepping in front of or

-
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r eady %gﬁﬁsgp messages for nore efficient operation. PCT)sS88/6462ver Y
desirable to have a nobile systemuser be able to communicate at | east sone
formof limted message or acknow edgggnt to the central control sta- tion
in response to received nessages. A reply nessage may prevent the need for
further conmunications or may indicate a need for an additional intruction
or

otherwise traversing the antenna path, then within a
fraction of a second all transmissions from the antenna
are terminated. Therefore, no radiation damage of any
significance nor hazardous exposure can ever occur for the

5 transceiver of the present invention making it ideal for
broad distribution in a commercial (mobile) communication
system.

The transceiver 70 is normally configured to be in a
receive mode wherein it monitors an assumed satellite

10 position or general horizon 1looking for a signal for
incoming communications signals. This initial signal
acquisition. occupies the full duty cycle of the transceiver.
Once a signal is detected, tracked, and acquired, the
transceiver operates on the 50 percent duty cycle. Each

15 half cycle is a very short period of time on the order of 15
milliseconds.

After signal acquisition, the transceiver 70
synchronizes with the forward link FH pattern and rate and
switches to the correct channel frequency for receiving

20 either channel address or a message. Then, every 15
milliseconds the transceiver 70 switches to the return 1link
FH rate and pattern and for 15 milliseconds. However, the
transceiver does not transmit until or unless requested to
do so by the Hub 14 or communications management center 18.

25 This assures that the Hub is prepared to receive the message
and that there are no higher priority tasks in progress,
including receipt of high priority emergency messages or
alternate system 10 operating data. Also, polling controls
the number and frequency of receivers to regulate

30 interference at all times.
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deated message fromnew i nformation provided by a vehicle driver. At the

sanme ti viding for a return Iink of comuication, eper/t§ss/04821¢ed
in cont g?éam&léjs) possi ble to incorporate other features into t(le cém

muni cation |ink such as sinple nessage-agknowl edg- nent to provide
verification of nmessage receipt by the term nal whether or not the driver
operates on the in- formation. Qther automatic responses nmay al so be con-
figured into the operation of the transceiver such as |ocation and vehicle
status. The transceiver 70 then returns to the receive mode and
continues to demodulate and decode the message, if any, so
forth.

This alteration between send and receive on a periodic

5 and short term basis provides the transceiver 70 with

several operational advantages.

First, the transceiver monitors the power 1level .and
characteristics of received signals every 15 milliseconds
and detects substantial changes. The hub and mobile

10 transceiver must agree well enough in terms of frequency to
allow the transceiver to acquire and track the forward 1link
signal. The transceiver will search +/- 18KHz about the
nominal specified frequency

There are several possible sources of error. The hub

15 14, satellite 20, management center 18, and transceiver 70
all have internal reference oscillators for establishing
transmission frequencies employed. Each of these
references can drift and cause frequency errors. The
satellite cause small frequency errors during translation

20 of the communicaiton signals between up and down 1link
frequencies. The transceiver 70 reference oscillator may
drift and 1is subject to temperature change induced
variations.

In the communication system 10 the Hub employs a

25 Forward Link Processor (FLP) which adjusts transmission
frequencies to correct for some of the possible errors
listed above. First, however, the error in the Hub
reference oscillator is assumed to be too small to measure.
This is generally justified due to the fixed nature of the

30 Hub facility and the heavily controlled environment and
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The return || allows a driver to enter nessages such as a ik ia@n of
time aﬁHQﬁﬂ@éﬁ? PE%HE&%@%%?

y information, or a report on current position'or
status information. A nmessage is trangRktted to the truck 12 froma cen-
tral transmssion facility or termnal "14 referred to as a Hub facility.
The central term nal or Hub 14 can be placed at a |ocation such as a
trucking termnal or cen- tral dispatch office allowing |ower cite costs

and | ocal, direct, access to transm ssion equi pnment for mainte- nance and
syst em upgexdedic maintenance such a facility undergoes.

Satellite translation error is measured and corrected
by using a reference receiver at the Hub and using a testing
or control patfern of information between the Hub and the

5 reference receiver through the satellite. The FLP sends
commonads to the satellite to adjust the translation
frequencies to match what the Hub transmits. Any residual
error, say from the control signals, is also assumed to be
too minimaal to have an impact on communication guality.

10 The transceiver oscillator drift is corrected by the
transceiver according to a long term software program that
assumes certain drift characteristics for the transceliver
oscillator. Therefore, temperature drift is the largest
reference error and it is corrected by comparison to the

15 other references using the communication signals.

With the reference sources adjusted, the transceiver
assumes initial frequency variations in singals are due to
initial frequency tracking and synchronization mis-
alignment. However, once a signal is acquired the receiver

20 assumes that all variations are due to receiver positioning
relative to the relay satellite or similar non-internal
frequency problems. Therefore, the receiver assumes that
antenna pointing and tracking must be adjusted when the
overall power level of a signal decreases (as when a corner

25 is turned) and that variations in fregquency tracking are
caused by doppler effects which must be countered. That is,
variations in received frequency are assumed to be caused by
changing characteristics of the communication 1link itself
and not the error sources discussed above, which have been

30 corrected. This means that errors in tracking frequency are

_—
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Alternatively, the Hub 14 is located in a remote loca- tion nore ideally

suited for é/% terference ground-to- satellite transm ssi P gs8paeit on.
In thisWa8 %%tg nore systemuser facilities in the form of cen??al

dis- patch offices, nessage centers, oryfommunication of- fices 16 are tied
t hrough a telephonic, optical, satelllte or other dedi cated conmmunication
link to the Hub 14. In addition, for |arge nunbers of renote custoner nes-

sage centers, a nessage or net wor k managenent center 18 can be enployed to
nore efficiently control the
attributed to Doppler shifts from vehicle travel and the

frequency of both the receive and transmit functions of the
transceiver are adjusted to accommodate this shift. Since
the signal is constantly monitored on a short term basis,

5 the present invention provides improved tracking and Doppler
compensation.

Another advantage of the alternating half-duplex
technique is that the transceiver does not need a full
compliment of circuitry to handle both functions. That is,

10 several circuit elements can be shared between the two
functions since they are separated in time. ‘Elements such
as the antenna, antenna and related circuit feed cables,
certain bandpass filters, and the transceiver local
oscillators can be shared between the transmit and receive

15 functions if configured appropriately.

In the present invention the transmit and receive
frequencies are chosen to be within the preferred Ku or 11.5
to 14 GHz bandwidth as disclosed above. However, to achieve
these extra high frequencies, one or more up-conversion

20 stages or IF mixing stages are required in the transceiver
70 circuitry. It has been found that a series of desirable
uplink and downlink or forward and return link frequencies
within the specified bandwidth and FH scheme can be chosen
so that they are separated by a very narrow margin in the

25 intermediate IF stages and a common tunable local oscillator
can be employed for both the transmit and receive function.

The result is that fewer components are required which
reduces cost, increases speed and reliability (switching
speed) and very importantly, decreases power consumption and

30 size of the transceiver.
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prior W 89406883s, accounting, and transfer characteristics RET/RiS8840¢621dat a.
.-10 - The Hub 14 or managenent center 18 can be inter- faced to existing
conmuni cation systens using well known3Bnterface equi pnent such as high
speed nodens or codecs which feed nessage signals into the comu-

A schematic diagram of a transceiver 70 analog
modulation/demodulation section 100 operating according to
the principles of the present invention is jillustrated in
Figure 4. 1In Figure 4, a modulator 100 is shown having a

5 Fine frequency synthesizer 102 and a Coarse frequency
synthesizer 104.

The coarse frequency synthesizer or Local Oscillator
(L.O.) 104 represents a source of high to extra high
freguency signals which is generally tunable over a broad

10 range of interest in large steps on the order of 2-5 MHz
each. An exemplary coarse oscillator for use in the present
invention is a Phase Locked Loop (PLL) type oscillator
generating output signals at frequencies on the order of 652
= 1175 MHz. in steps of 2.5 MHz. (652.5, 655, 657.5,...)

15 The fine frequency synthesizer or oscillator 102
provides a finely tunable source of frequency with very low
noise and is tunable over a smaller frequency range and or
in smaller discrete steps. The fine freguency synthesizer
102 can comprise one of several frequency sources that

20 provide a high accuracy, high resolution output in the
frequency range between 5 to 20 MHz with direct digital
synthesizers being preferred. An exemplary circuit for an
advanced digital synthesizer useful in the present invention
is disclosed in U. S. Patent Application SN. __, _ filed

25 January _ , 1988 and assigned to the same assignee as the
present application.

In Figure 4 a single reference fregquency source 106 is
shown for use with the PLL of the coarse synthesizer 104,
the fine synthesizer 102, other elements in the

30 moduiator/demodulator 100 and other oscillator and
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ni cati on system 10. Hi gh speed data managenment com puters can al so be used
to determ ne nessage priorities, authorization, length. type G '

det ai | s, WEN#P/04883 erwi se control access to the connunicationpgﬁikgﬁﬂéba?The
Hub 14 enpl oys an Extrenely High Frequeg$¥ (EHF) transceiver to establish
forward and return links or up and down fTnk communication paths with a
geo- synchronous Earth orbiting relay or repeater satellite 20. These |inks
are mai ntained at one or nore of a num ber of presel ected frequencies or

frequency ranges. A ]
processing stages for the transceiver 70. This provides a

system wide, synchronized reference or clock source which
improves signal to noise ratio and allows simplified system
wide synchronization with other system where desired. An

5 exemplary reference source 106 provides a reference signal
at 10 MHz from a highly stable reference source such as a
-rubidium standard.

Communication signals received from the hub 14 are
received on the antenna 30 and transferred through an

10 up/down converter 108 and through a band pass filter Liu to
a power splitter 112. The power splitter 112 exhibits a 3db
separation and is used to redirect received signals along a
different internal processing path from the transmit signals
and transfer them to a demodulation portion of the

15 transceiver 70.

Incoming or received communication signals 24b are
first mixed with the output of the coarse synthesizer 104 to
down convert them to a lower IF frequency in the range of
250 + 7 MHz. This is accomplished using a signal mixer 114

-20 which uses the communication signal as one input and the
output of the coarse synthesizer 104 as a second input.
The output of the mixer 114 is filtered by a band pass
filter 116 to remove unwanted frequency components added - to
the down-converted communication signal by the mixer 114.

25 The output of the band pass filter 116 is transferred
to a second mixer 118 which has the output of the fine
synthesizer 102 as one input. The mixing of these two
signals provides a final IF frequency signal in the 20 + 20
MHz range.
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typi caky
transmt
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@bﬁkggje system enpl oys a series of repeater transpgrHesss/f4621
ing 12 GHz frequency signals for TV or radio transm ssions to

ground stations. The preferred enbodi sga+ of the communi cation system 10
enpl oys uplink and downlink carrier frequen- cies in the EHF Ku band to
al |l ow access through the transponders on exi sting or new conmuni cati on

satel- lites already |aunched or planned. The comruncati on system 10 can

take advantageaggouggia é”c§?$§§§ ﬁ?&gk_lhbt%éxyygﬂégéﬁ}eéhe§ﬁough a

frequenci es an

10
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es n requ
crystal filter 120 to the microprocessor 74 and subseguently

decoded and displayed as a message for the transceiver 70.

When a transceiver 70 user has input a message through
the display unit 88 or similar input means it is encoded and
transferred into the modulator/demodulator 100 by modulating
the input of the fine synthesizer 102. This is easily
accomplished using direct digital synthesizer technology as
understood by those skilled in the art. The output of
the fine synthesizer 102 is applied to one input of a mixer
124 and the output of the coarse synthesizer 104 is applied
to a second input of the mixer 124 to generate an
intermediate IF frequency. This generates an output
frequency from the mixer 124 on the order of 900- 1400 MHz
when the coarse synthesizer 104 generates a frequency on the
order of 652-1175 MHz and the fine synthesizer 102 generates
an output in the range of 247 + 7 MHz.

The resulting transmit carrier, complete with modulated
message data, is transferred to the up/down converter 108
connected to the transceiver antenna 30. The bandpass
filter 104 filters unwanted frequency components from the
transmit communication signal as it is transferred through
the splitter 112 to the up/dbwn converter 108.

The bandpass filter 110 is generally a single section
varacter tuned voltage controlled type filter which removes
local oscillator or synthesizer frequencies and low
frequency images and also allows tuning to other frequency
bands for use in the forward link demodulation.

The communication signal is up converted by the
converter 108 to the desired 11.7 - 12.2 GHz range by mixing

I
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the launching of its own, new, dedicated satellites. Therefore, the
benefits of the present invention are imedi ately availablﬁngkﬁ2§$$8 621
addi ti o%@s@wﬁ@fgi ve satellite technol ogy. However, the co i 5%4 gys-
tem 10 can al so be inplenented at othe14£Lequencies dependent upon
avai l abl e satellite transponders and can provide inproved conmuni cation

t hrough sone ground based repeaters. The Hub's transm ssion signal is
transferred through a diplexer 22 to an antenna 26. The antenna 26 com

with 13.1 GHz reference. The up/down converter 108 can be
configured as an output channel having a power amplifier
connected to a diplexer for the antenna 30 with a mixer 130
connected to a local oscillator providing the 13.1 GHz
5 mixing reference frequency. On the return link the up/down
converter 108 presents a second mixer connected to the 13.1
GHz local oscillator for down converting received
communication signals.
Wwhat has been described, then is a new method and
10 apparatus for transferring messages between central
communication stations and one or more remote, mobile,
transceivers which allows 1low cost mass production of
terminal equipment which achieves a high performance level
in a variety of interference environments.
15 The foregoing description of preferred embodiments has
been presented for purposes of illustration and description.
It is not intended to be exhaustive nor to 1limit the
invention to the precise form disclosed, and many
modifications and variations are possible in light of the
20 above teaching. The embodiments were chosen and described
to best explain the principles of the invention and its
practical application to thereby enable others skilled in
the art to best utilize the invention in various embodiments
and with various modifications as are suited to the
25 particular use contemplated. It is intended that the scope
of the invention be defined by " the claims and their
equivalents.
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pri es WOBH86883al | aperture antenna for directing the conmBfT&:88494621 gnal
24 to a single orbiting satellite. A forward |ink conmunication signal,
designated 24a, is transnitted throudft?he antenna 26 to the com

muni cations satellite 20 at the preselected uplink carrier frequency. The
communi cation signal 24[err] is received

A T

1. A communication system for transferring messages
2 between central communication stations and one or more of a
plurality of mobile terminals through Earth orbital relay
4 satellites, comprising:
at least one central communication station having first
6 transceiver means for transmitting a first communication
signal; and
8 at least one mobile terminal having second transceiver
means for vreceiving said first communication signal and
10 demodulating said signal, and for transmitting at a
predetermined transmit and receive duty cycle, second
12 communication signals to at least one of said central
communication stations.

2. The communication system of Claim 1 wherein said
2 predetermined duty cycle for said second transceiver means

comprises a fifty percent duty cycle.

3. The communication system of Claim 2 wherein said
2 fifty percent duty cycle comprises a period on the order of
10-20 milliseconds.

4. The communication system of Claim 1 wherein said
2 at least one central communication station first transceiver
means transmits and receives Time Division Multiplexed
4 communication signals which comprise a series of N channels
which are separated into A address channels and D data

6 channels. | '
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- 11 - | by the repe where it may be translated to a
second f ggg_«,for l sm ssion 24b. Those skipdfa ds8/o4bs
art of C%Qm%?:tl:aons un l"mmm mmnmfat us needed to performthi's receptlon

and conversion functidn Whi Eh fare kmown _jp-the art. Using different freuei
for the uplink and downlink com nunication signals reduces interference.
Current satellits typically support a nunber of inde- pendent conmunication

channel s with about 48 Mz of

5. The system of Claim 4 wherein said central
2 communication station further comprises:

receiver assignment means for detecting which of said
4 plurality of terminals each message is directed to:

channel assignment means for assigning at 1least one

6 channel to each of said messages at a time from said D
channels;
8 address control means for transferring a terminal

address and an associated channel assignment ontoc one of
10 said A channels in response to input messages intended for a
terminal; and
12 message input means connected to said channel
assignment means for receiving digital messages and
14 transferring said messages onto said D channels in response
to an assignment from said channel assignment means at a
16 rate of one message per channel.

6. The system of Claim 5 wherein said central
2 communication station further comprises:
at least one narrow beam antenna; and
4 conversion means for converting information to be
transmitted to a terminal into digital messages at a
6 predetermined transfer rate.

7. The system of Claim 1 where in said second

2 transceiver means has a demodulator/modulator apparatus,
comprising:

4 input/output means for transferring communication

signals between an antenna and said demodulator/modulator
6 apparatus; '
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bandw dyp.89ji688% S mmmrrl zation isolation to oBPCAyUSE8/&HAENCY
reuse, with one settl Iummm at- ing at one poarization (horizontal
or vertical) and an-*otther s8t bdpetati-ag-at the sanme frequency with an

of fset of i channel and operating with a 90 pol arization shift This 90

pol ari zation shift is normally applied between forward Iink and return |ink
communi cations for one communi cati on channel with one transponder used for

t he uplink and one for t he downlink. The transmtted ormard domnllnk
signal 24b is r up/down conversion means connecteé eries with

8 said input/output means for converting received signals at
extra high frequencies to a first preselected intermediate

10 frequency range and for converting transmitted signals in
said first intermediate frequency range to said extra high

12 frequencies; -

tunable band pass filter connected in series with said

14 up/down conversion means, said tunable bandpass filter
capable of having a preselected band pass range tuned in

16 response to a control signal;

a power signal splitter connected in series with said

18 tunable band pass filter having three input/output ports
with one connected to said tunable band pass filter:

20 a first mixer connected at a first input to a second
input/output port for said signal splitter;

22 a coarse frequency synthesizer connected to said first
mixer at a second input:

24 a second band pass filter in series with said first
mixer and connected to an output thereof;

-26 a second mixer connected in series with said second
band pass filter and connected thereto at a first input:

28 fine frequency synthesizer connected to said second
mixer at a second input;
30 a crystal output filter connected to an output of said

second mixer;
32 a third mixer connected at a first input to said  fine
synthesizer and at a second input to said coarse
34 synthesizer, and having an output connected to a third
input/output port of said power splitter; and
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s ceived by a nobile transceiver 70 (FIG 4) through a snall, . -
di recti oS 8%P%88Ana 30. -The antenna 30 is constructed to hag?].z{ﬁg%ﬁ/yﬁldB

of gain and to be ditectionat- within a 40" -S0' el evati on beamni dt h and

+ 6-.10 azi rrutlmmmluﬂmm I ¢ beamni dt1#3-The antenna 30 i s nmounted so that
it is capabl [ mHnLuousl y rotated over a 360 degree arc and has
an unobstruct’ed fi &l d"ofS vi*ew for the satellite 20. The antenna i s con-

nected to an antenna pointing and tracking control system74 (FIG 4) for
trackiygg the satetadhémieO msduletion means connected to said fine

synthesizer for modulating a frequency output thereof in
38 response to transmission of desired second communication

signals.
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vehlcle 12 changes position relative to the satellite. An exenplary ant enna

rotation aﬁhﬁglls found in co- pending U S. patent applic .
07/ 145, 7 (r?g S. Pat. No. 4,876,554 issued Cct. 24, 1989. S ag ‘,5468?0

nmessage data are transferred into the Hub 14, or network managenent center
18, where they are converted into digital nessage signals which are
transferred at a rate on the order of 5,000 bits per sec- ond. Those
skilled in the art will readily understand that the teachings of the
present invention apply to higher,
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or lower, data transfer rates when circuitry operating at the appropriate

speed i s enpl oyed. Messages can be -12 - received directly_as
data at WOB/06883% t rates and accunul ated or stored for transP&l/

digital

Y

{62he

desired systemtransfer rate. Alternately, nessages are received as audio

nmessage signals that are keyed in by system
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5

operators to formthe desired nmessage signals. In addi- tion, sone nessage
i nf or matyengd,gegagnerated internally or directly by the netmnpkjvgggg@ﬂgat
center 1 o/ conmuni cating systemtype data, such as time, term nal
assignments, rates, etc. Each message signal can be subjected to a variety
of coding, encryption, or error detection and correction schemes prior to
transm ssion. Wiere desired, individ- ual terminals can enpl oy unique codes
or ciphers to provide secure nessage delivery capabilities. However
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to f educe transm ssion errors and provide for error correction for all

e sageswb[ (nggat ed by the commu- nication system 10, at | epgtr/t988/04621
enc¢odi ng @3 fe im plenmented for all digital nessages or nessage data.
One step conprises applying a system 10 checksum al gorithmto the digital
néssage data. In the preferred enbodi nent, the checksum al gorithm enpl oys
on the order of 30 bits of information to indicate the values resulting
from checksum conput ati ons whi ch are used4f% detect transfer errors. An

exenpl ary checksum for - x
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o . . _ FhoLsl - 2
mula for use in the conmunication system 10 is the conputation of
the: = polynomal: X err]+X err]+X[err]+X err]. Wien calculating this
checksum the address field (see below) of a nessage is ignored so that
channel addresses do not alter checksum val ues. A second step conprises
encodi ng all data, nessage, instructions, or addresses, usingre-&ala
[24,12] bl ock code to encode every 12 bit bl ock of infornatidﬁﬁﬁﬂmﬁg¢
checksum type and reci pi ent infornatio&f into , RE

ALTERNATING SEQUENTIAL HALF DUPLEX COMMUNICATION SYSTEM

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to communication systems
and more particularly to two-way telecommunication systems
employing central message transmitting stations and Earth
orbit relay satellites to transfer messages between mobile
terminals and the central stations. The invention further
relates to a two-way telecommunication system using a
sequential, alternating, half duplex communication pattern
to reduce complexity and power reguirements for each
terminal while providing reliable communications between a
large number of mobile system users.

Background of the Art

There is an ever increasing need for communication
systems to provide message delivery or brief transfers of
information between a central communication office or
dispatcher and a number of remote system users. There are a
substantizl number of commercial, governmental, and private
applications requiring the delivery of relatively short
messages to or from a large number of geographically
dispersed terminals, or mobile transceivers, often on an
irregular Dbasis. The need for message services includes
such diverse applications as government services (military,
law enforcement, legislative) where secure communications
are desired, forestry, resource management, disaster relief
or coordination, aviation, navigation, commercial transport
or transportation, and message delivery services.
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24 binary synmbols for transm ssion. These 24 bits are then transferred at
the desired systemtransfer rate. Using the Golay [24, 12] bl ock coding
schenme neans that 5,000 bits of nessage data forns a 10,000 bit en- coded

'syﬁbo[ stream for transm ssion. Therefore, the system 10 tr ghshi-ssi-on
signal rate is about 10,000 binary -13 - THIS SHEET HAS BEEN
-2 REPLACED

Other examples include the interstate trucking industry
where dispatchers wish to communicate’ short messages to
trucks located anywhere in continental U.S., especially in
rural areas. Presently the transfer of such messages is
restricted to periodic telephonic communication between
drivers and a central dispatcher or contact  person.
Currently, truck drivers must call long distance from many
remote geographic 1locations to retrieve messages or to
update delivery and pick-up schedules. However, it is hard,
if not impossible, for drivers to consistently "call in" at
fixed, scheduled, times since telephone services are not
always readily available in many areas. The conventional
"call in" approcach also creates accounting problems and
major personal inconvenience by requiring vehicle drivers to
use money or charge cards for long distance calls at
substantial cost even when no updated message or information
is transferred.

Aside from conventional telephone systens, other
communication systems have attempted to address the mobile
market. Radio telephone, cellular telephone, and portable
radio transceivers (CB) are all capable of providing some
form of communication between a mobile transceiver and a
base unit. However, these communication systems suffer from
several drawbacks and have proven inadequate as message
communication systems for serving a large number of widely
dispersed users.

current mobile communication services operate on a
limited number of high frequency, low data rate, channels
and have many more potential users than system capacity.

Many systems, like cellular telephone, employ frequency
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synbols or bits per second to acconmodate the 5,000 bit per second input
On the reception end, the code synbols or blocks are decoded to

data rate.

regenerate the 12 bit blocks of information. As known in the

operation of a Golay [24,12] or simlar code acts to mnim e THISa$i83H TS84, O By

error by decreasing the inpact of singl-e-bit errors on a dat

t hrough spreading the data out over nmulti-bit patterns. Each bit error
affects only a fraction of a bit in the nessage which is effec- tively
conpensated for by the error correction schenes

reuse across an array of cells to increase capacity, with
each cell having a short transmission range to increase
frequency reuse and reduce interference. However, these
lower power transmissions are more prone to frequency
selective fading and signal blocking and require highly
mobile users to frequently change channels as new cells are
traversed. These systems are also prone to sudden
communication loss when no channels are available in
adjacent cells.

Cellular systems economically serve large metropolitan
areas but leave many urban and most rural areas without any
service or direct coverage at all. Messages for these areas
are switched to conventional telephone or satellite carriers
for 1long distance transfers to ground based systems which
eliminates the flexibility desired. There ar no direct
satellite communication systems.

Direct communication, non-cellular, using <traditional
mobile radio transceivers also requires constant monitoring
of a variety of frequencies all of which are crowded with
existing trafficf These services, like cellular telephone,
are subject to frequent system overload and signal
degradation from several interference sources which makes
them incapable of handling a large volume of traffic. These
transceivers also have a low range imposed by the need to
prevent interference with other communication systems.

Communication systems based on Earth orbital relay
satellites have been proposed as a new approach to solve
many communication problems, especially coverage of
geographically diverse, 1low user density or rural areas.
Several systems have been proposed or developed to operate
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used until very high error rates occur. The encoded nessage synbols are

used to® nodul ate a frequency generator or source such as a Direct Digital

Synt hesi zer which creates an FM nodul ated carrier, at a presflh@gl el ==
fréquency which is up-converted to the desired EHF band for réhsqi%fﬁhﬁ°§6“w'
the satellite 20. The encoded synbols can be used to drive & Fodurs
which is coupled to the carrier wave Sdurce for the communication system
10. In the preferred enbodi nent, each synbol is shifted '

through orbital relay satellites and central communication
stations. Examples of such systems are found in U. S.
Patent Nos. 4,291,409 and 4,455,651.

However, the high gain, low interference requirements
imposed on such systems, especially in regards to adjacent
Earth orbit relay satellites or concurrent satellite users,
requires the use of large, narrow-beam, receiver antennas on
the order of 4 feet or more in diameter, which eliminates
mobile applications. 1In addition, these satellite systéms
are limited to low data transfer rates which severely limits
the number of potential users and data transfer capacity.
Otherwise, tracking and demodulating a high data rate
satellite signal requires very high speed, complex, and
expensive, receivers that also consume a lot of power for
signal scanning and processing even when not receiving
messages. Such equipment is impractical for a commercial
message system. )

Wwhat is needed is a communication system that allows
continuous delivery of messages and related communication
parameters or control information to a large number of uscrs
over a large geographical area. The system needs to provide
a return link for message acknowledgment and responses. A
system that allows the development of a conmplete private
digital data network. The system needs to be cost
effective, simple to operate, maintain, and install, and
minimize antenna requirements. The system should also
automatically adjust to handle many transfer errors
associated with a mobile environment.

o
£
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I n phase fromthe previous synbol, either -90[err]Jto indi- cate a 0 or
+90[erryto specify a 1. This is referred to as Differential Advance Reta
Keyj.ng and inproves acquisition by the term nal because ever e gxymEEN
tains a phase transition. To decrease interference and acc-nmﬁﬁé? Fgwbarge
nunber of terminals at potentially diffgrent burst rates, a\Tine on

Mul tipl exed (FDM transm ssion schene is used. The TDNIappr-ach d|V|des t he
total transmtted (or received) spectruminto tenporal incre-

SUMMARY OF THE INVENTION

With the above problems of the art in mind it is a
purpose of the present invention to provide a two-way
message communication system capable of accommodating a
large number of geographically diverse users.

An advantage of the present invention is that it
provides a modulation scheme that provides performance
comparable to a predetermined signal to interference ratio
in any interference scenario encountered.

Another purpose of the invention is to use a novel
modulation, coding, and multiplexing technique which allows
an inexpensive two-way mobile terminal with a very small
antenna suitable for use on a moving vehicle, to receive and
transmit data reliably using a satellite repeater.

Yet another purpose of the invention is to provide a
modulation and coding scheme that is implemented digitally,
preferably as firmware in signal processing chips of the
VLSI type and in microcomputers.

Another advantage of the present invention is that the
communication signals can be more effectively screened from
existing communication services.

o Yet another advantage of the present invention is a
high performance, cost effective, and flexible
implementation.

Still another advantage is that the present invention
provides a modulation and coding scheme that allows mass
production of circuits and modules to be used for the
remaining analog functions for the mobile terminals.

An object of the invention is to allow flexibility in
data transfer rates so that receivers of differing transfer
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ments or franmes of predeterm ned | ength. Messages or nessage signals
transnstted in or by the comrunica- tions system 10 are all ocated portions
of this tinme con- trolled sequence known as channel s, and er signal
usés the systemat exactly the same tine. The allocated po tpwﬁgﬁg
channels are very small, tenporally, and their interleavin Ccr ass HAg pro
successive franes very | arge so that cegsunication appears simu ‘ous t0
all termi - nals. Methods and apparatus for generating, transnmt- ting, ~am
controlling TDM signals are well known in

Bro.

rates or capabilities are efficiently accommodated in a
single systenm.

A further advantage of the system that results from the
latter object is that more energy per bit can be used to
compensate for unequal downlink power density across large
geographicél areas.

These and other purposes, objects, and advantages are
realized in a message communication system for sending
messages between central communication stations and one or
more mobile terminals through Earth orbital relay stations

_comprising at least one central communication station having
a first transceiver for transmitting a first communication
signal from the central station to one or more mobile
terminals and at least one mobile terminal having a second
transceiver for receiving the first communication signal and
demodulating it, and for transmitting at a predetermined
duty cycle for the second transceiver, a second
communication signal to at 1least one of the central
communication stations. The preferred predetermined duty
cycle over which the second communication signal is
transmitted is about fifty percent of the second transceiver
duty cycle. At the frequencies of interest the fifty
percent duty cycle is on the order of 10 - 20 milliseconds
in length.

In a preferred embodiment, the communication system
first and second transceivers transmit and receive Time
Division Multiplexed communication signals which comprise N
serial channels, with D data channels (D < N) used for
transmission of message data and A address channels (where
A = N - D) used for transmission of address information.
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the communication art and can be acconplished using a variety of signal
mul tipl exi ng and control devices. -14- Each frame consists of a nunber

of ghannel s which represent substantially identical, sub-firame |ength
peri- ods during which synbols are transferred. This neang>that nessages or

message signals are transferred a few TWSSH -

-7

The address information is in the form of terminal addresses
where messages are designated to be sent.

The central communication stations employ a terminal
assignment device which determines which terminals in the
system a message is directed to and, accordingly, assigns a
terminal address to the message; and a channel assignment
device for assigning each message to at least one of the
data channels for transmission. An address controller
transfers a terminal address and an associated data channel
assignment onto one of the address channels in response to

input messages intended for each terminal. Alternatively,
where a message is intended for several terminals, multiple
addresses are designated or assigned to a message. Also,

special group or all call addresses can be associated with
each receiver to facilitate multiple receiver addressing
with a minimum of address information when possible.

A message input control device is connected to the
channel assignment device and receives digital messages and
transfers them serially onto designated data channels in
response to an assignment from the channel assignment device
at a rate of one message per channel at a time. The input
message data is nominally transferred at a rate on the order
of at least 5,000 bits per second.

In a prefefred embodiment the communication system
applies Golay ({24,12] block coding to the digital messages
prior to transmission and applies a corresponding Golay
[24,12) block decoding process to resulting symbol data when
received. The Golay coding generates digital symbol data at
a rate on the order of 10,000 bits a second. 1In addition, a
checksum computation is performed on input‘digital messages
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bits at a time during each successive frame until the nmessage is conpl eted.
The preferred enbodi nent di- vides each frane into 25 sub-franes or

chapnel s. How ever, those skilled in the art will readilywnderstand that
t he nunber of channels depends on the transmtting speed jofy
communi cation system 10, nunber of userls to be accommvpdated, squency

hoppi ng schenes as descri bed below. In-using the TDM appr oath
is generally sent over the communication signals 24a. 24[err] in

with a series of bits being added to the end of the message
for checksum verificaticn by the receiver.

In further aspects of the invention, the operating
frequency of the TDM communication signal is frequency
hopped at differing rates between the forward and ‘return
links over a preselected number of frequencies to decrease
the power density of communication signals.

A unique triangular waveform is used to modulate the RF
carrier center frequency with a 2 MHz peak to peak amplitude
and a period of 30.24 milliseconds. This causes a triangle
wave power dispersal so that the forward link has the same
interference characteristics as a single video carrier
saturating the transponder so that no unacceptable
interference is generated for satellites adjacent to or
within 2° from the satellite 20.

The central communication station uses an input or
conversion element to convert incoming message’ information
from digital or analog sources into digital messages at a
predetermined transfer rate on the order of 5,000 bits a
second. The digital messages are then used to modulate a
carrier to form the desired communication signal. The
transmitter is connected to at least one narrow-beam antenna
which directs communication signals to a preselected relay
satellite.

The communication system of the present invention uses
mobile terminals having small, portable, directable, narrow-
beam ' antennas connected to a demultiplexer and other means
for detecting, demodulating, and decoding the TDM
communication signal so as to receive message data. The

mobile terminals take advantage of the alternating duty

T REPLACEMENT SHEET
'Ih:s Sheet Has B Been

MG | L




packets. The communi cation system can accomnmopdat e packets of
| engt hs between 4 to 256 characters each, depending on the typg;g
rate, or size of nes- sages being transferred. In addition, {the
pre- formatted or free-form are generally limted to 2000 cha

Is generally segnented into fields of information such as the type of

nmessage, typically a 6 bit entry to distinguish between possible
alternative system

cycle for transmission and reception to monitor the
parameters of received signals and use changes as a guide to
alter return link signal characteristics. In addition, the
transceivers employ a singie set of local oscillators for'
both transmit and receive functions.

BRIEF DESCRIPTION OF THE DRAWINGS

The novel features of the present invention may be
better understood from the accompanying description when
taken in conjunction with the accompanying drawings in
which:

Figure 1 illustrates an overall diagram of a
communication system operating according to the principles
of the present invention;

Figure 2 illustrates an overview of the message
encoding/decoding and channel multiplexing of communication
signals used in the system of Figure 1; |

Figure 3 illustrates a schematic representation of
exemplary circuit functions employed in a transceiver for
the system of Figure 1; and

Figure 4 illustrates a schematic representation of
exemplary demodulator/modulator circuit functions employed
in a transceiver for the system of Figure 1.

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
The present invention provides a method and apparatus
for transferring messages between one or more remote, mobile
terminals and a series of one or more central communication
stations or Hubs. The communication system provides this
information transfer for a large number of users by using a
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formats, the length of the nmessage, to allow proper tracking, the body of
the nmessage, and the checksumbits. There is also an address field of 24
bits associated with each nmessage as di scussed further bel pw [
inthe art will readily understand that sone "zero packing' "
fromtine to tine to assure a uniform fyge size regardle
nmessage | engths, varying packet sizes and transm ssion rates, or
channel s. However. unused channel s generally will have random data
transmtted to i nprove tracking

Time Division Multiplexed (TDM) communication signal having
message transfer channels and receiver address channels
which are used in an alternating half duplex mode. That is,
forward link and return link transmissions or reception for
the central communications stations as well as mobile
terminals alternate between a send and receive mode on a
predetermined periodic basis to allow use of common elements
in the up and down conversion chains as well as in the IF
elements to minimize complexity and costs. At the same
time, this alternating communication scheme allows TDM mode
tracking and error correction which improves communications.

An overview of a communication system operating
according to the principles of the present invention is
illustrated in Figure 1. In Figure 1, a communication
system 10 is illustrated having a mobile terminal (not
shown) mounted in a vehicle such as a truck 12. The truck
12 represents any of a variety of vehicles whose occupants
desire to obtain occasional or updated information, status
reports, or messages from a central communication source.
As previously discussed, truck drivers or various drayage
personnel often have a need for ready access to messages for
more efficient operation.

It is also very desirable to have a mobile system user
be able to communicate at least some form of limited message
or acknowledgment to the central control station in response
to received messages. A reply message may prevent the need
for further communications or may indicate a need for an
additional instruction or updated message from new
information provided by a vehicle driver. At the same time,
by providing for a return link of communication, even if
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and acqui sition of channels by transceivers. To assure that each

transcet ver
of codes or

That is, short bit patterns can be added to the data transfef riégs
channel to allow automatic - 15 -

I s tracking and de- nodul ati ng a desi gnated channel, a series
code nmasks can be used with the data to detect tp i ng errors.

limited in content, it is possible to incorporate other
features into the communication link such as simple message
acknowledgment to provide verification of message receipt by
the terminal whether or not the driver operates on the
information. Other automatic responses may also be
configured into the operation of the transceiver such as
location and vehicle status. '

The return link allows a driver to enter messages such
as a verification of time and delivery information, or a
report on current position or other status information.

A message is transmlitted to the truck 12 from a central
transmission facility or terminal 14 referred to as a Hub
facility. The central terminal or Hub 14 can be placed at a
location such as a trucking terminal or central dispatch
office allowing lower cite costs and local, direct, access
to transmission equipment for maintenance and system
upgrade. :

Alternatively, the Hub 14 is 1located in a remote
location more ideally suited for low interference ground-to-
satellite transmission or reception. 1In this case, one or
more system user facilities in the form of central dispatch

‘offices, message centers, or communication offices 16 are

tied through a telephonic, optical, satellite, or other
dedicated communication link to the Hub 14. In addition,
for large numbers of remote customer message centers, a
message or network management center 18 can be employed to
more efficiently control the priority, access, accounting,
and transfer characteristics of message data.

The Hub 14 or management center 18 can be interfaced

to existing communication systems - using well known
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differentiation fromdata in adjacent channels. Once a transceiver
commences denodul ati ng one channel it records the code mask for
chaanel . The nmask is used to decode or denodul ate all data recgi V&d
the end of the nessage. If the transcelxg erroneously uses da »
adj acent channels, the code mask w || vent incorporation into t B
message. In order to further reduce |nterference by increasing isolatio v
and, thereby, increase the system 10 nessage capacity, Frequency Hoppi ng

(FH) of the carrier fre-
interface equipment such as high speed modems or codecs

which feed message signals into the communication system 10.

High speed data management computers can also be used to
determine message priorities, authorization, length, type,
accounting details, and otherwise control access to the
communication system 10.

The Hub 14 employs an Extremely ngh Frequency (EHF)
transceiver to establish an forward and return link or up
and down 1link communication paths with a geosynchronous
Earth orbiting relay or repeater satellite 20. These 1links
are maintained at one or more of a number of preselected
frequencies or frequency ranges. A typical satellite system
employs a series of repeater transponders for transmitting
"12 GHz frequency signals for TV or radio transmissions to
ground stations. '

The preferred embodiment of the communication system 10
employs uplink and downlink carrier frequencies in the EHF
Ku band to allow access through the transponders on existing
or new communication satellites already launched or planned.
The communication system 10 can take advantage of unused or
excess satellite capacity at these frequencies and does not
require the launching of its own, new, dedicated satellites.
Therefore, the benefits of the present invention are
immediately available without additional expensive satellite
technology. However, the communication system 10 can also be
implemented at other frequencies dependent upon available
satellite transponders  and can provide improved
communication through some ground based repeaters.

The Hub's transmission signal is transferred through a
diplexer 22 to an antenna 26. The antenna 26 comprises a
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guency can be used. An FH techni que spreads the power density of the signal
24 over*the entire transpon- der 48 MHz bandw dth, reducing downlink power
den: sity which mnimze interference with other commum catj services
and provi des processing gain which the transceivers use in rg s
interference of other services. The basic techniques of FHT

sions are known in the comruni cation arllggd al so provide a vehi Ct
spreadi ng a signal out over a given bandwm dth so that transm ssion error
caused by fre-

very small aperture antenna for directing the communication
signal 24 to a single orbiting satellite. _

A forward link communication signal, designated 24a, is
transmitted through the antenna 26 to the communications
satellite 20 at the preselected uplink carrier frequency.
The communication signal 24a is received by the repeater
satellite 20 where it may be translated to a second
frequency for the downlink transmission 24b. Those skilled
in the art of communications understand the apparatus needed
to perform this reception and conversion function which are
known in the art. Using different frequencies for the uplink
and downlink communication signals reduces interference.

Current satellites typically support a number of
independent communication channels with about 48 Mhz oOf
bandwidth. These satellites use polarization isolation to
obtain frequency reuse, with one set of channels operating
at one polarization (horizontal or vertical) and another set
operating at the same frequency with an offset of 1/2
channel and operating with a 90° polarization shift. This
90° polarization shift is normally applied between forward
link and return link communications for one communication
channel with one transponder used for the uplink and one for
the downlink.

The transmitted forward downlink signal 24b is received
by é ‘mobile transceiver 70 (Fig. 4) <through a small,
generally directional 'antenna 30. The antenna 30 is
constructed to have about 15 dB of gain and to be
directional within a 40-50° elevation beamwidth and 6-10"
azimuthal or orbital arc beamwidth. The antenna 30 is
mounted so that it is capable of being continuously rotated
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quency sel ective fading or other aberrations only affect a snall portion of
the signal. At the sane time, fre- quency hopping according to a unique
pattern allows some degree of security for some system 10 users. In the
preferred enbodi nent, the forward |link FR scheme conprises dij

I nto 240 frequencies | ocated approxi matelly-2.5 Mz apart. The'
for the frequencies of interest is on the order of 200 frequencies
second covering the 240

over a 360 degree arc and has an unobstructed filed of view
for the satellite 20. The antenna is connected to ' an
antenna pointing and tracking control system 74 (Fig. 4) for
| tracking the satellite 20 as the vehicle 12 changes position
relative to the satellite. An exemplary antenna rotation
mechanism is found in co-pending U. S. Patent Application
SN.___,___ , and an exemplary method of satellite tracking
is disclosed in co-pending U. S. Patent Application SN.
____+____ both of which are assigned to the assignee of the
present invention.

Messages, or message data, are transferred into the Hub
14, or control station 18, where they are converted into
digital message signals which at a rate on the order of
5,000 bits per second. Those skilled in the art will
readily understand that the teachings of the present
invention apply to higher, or lower, data transfer rates
when circuitry operating at the appropriate speed is
employed. Messages can be received directly as digital data
at various bit rates and accumulated or stored for
translation to the desired system transfer rate.
Alternately, messages are received as audio message signals
that are keyed in by system operators to form the desired
message signals. In addition, some message information is
generated internally or directly by the network management
center 18 for communicating system type data, such as time,
terminal assignments, rates, etc.

Each message signal can be subjected to a variety . of
coding, encryption, or error detection and correction
schemes prior to transmission. Where desired, individual
terminals can employ unique codes or ciphers to provide

_—
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di screte hoppi ng frequencies before recycling. This neans that the dwell
time fer each frequency is about 5 ml.liseconds. If each TDM{ '
transmtted at a new frequency then each frame is about 5 m
and the size of each channel is roughly 0.20 nmilliseconds in

generated frequency sel ection sequence is preferred.

secure message delivery .capabilities. However, to reduce
transmission errors and provide for error correction for all
messages transmitted by the communication system 10, at
least two encoding steps are implemented for all digital
messages or message data.

One step comprises applying a system 10 checksum
algorithm to the digital message data. 1In the preferred
embodiment, the checksum algorithm employs on the order of
30 bits of information to indicate the values resulting from
checksum computations which are used to detect transfer
errors. An exemplary checksum formula for use in the
communication system 10 is the computation of the
polynomial: x30 + x2%+ %3+ x%+ X + 1. When calculating this
checksum the address field (see below) of a message is
ignored so that channel addresses do not alter checksum
values.

A second step comprises encoding all ddta, message,
instructions, or addresses, using a Golay [24,12] block code
to encode every 12 bit block of information, including
checksum, type and recipient information, into 24 Dbinary
symbols for transmission. These 24 Dbits are then
transferred at the desired system transfer rate. Using the
Golay [24,12] block coding scheme means that 5,000 bits of
message data forms a 10,000 bit encoded symbol stream for
transmission. Therefore, the system 10 transmission signal
rate is about 10,000 binary symbols or bits per second to
accommodate the 5,000 bit per second input data rate. on
the reception end, the code symbols or blocks are decoded to
regenerate the 12 bit blocks of information. As Kknown in
the art, the operation of a Golay [24,12) or similar code
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However, those skilled in the art will also recognize -16- that a TDM
si gnal swi t hout frequency hopping will benefit greatly fromthe nethod and
apparatus of the present invention. Returning to the desired transnission
rate of 10,000 synbols per second or 1 synmbol every 0.10 nd,
IS L]FD'I
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acts to minimize transmission error by decreasing the impact
of single bit errors on a data stream through spreading the
data out over multi-bit patterns. Each bit error affects
only a fraction of a bit in the message which is effectively
compensated for by the error correction schemes used until
very high error rates occur.

The encoded message symbols are used to modulate a
frequency generator or source such as a Direct Digital
Synthesizer which creates an FM modulated carrier, at a
preselected frequency which is up-converted to the desired
EHF band for transmission to the satellite 20. The encoded
symbols can be used to drive a BPSK modulator which is
coupled to the carrier wave source for the communication
system 10.

In the preferred embodiment, each symbol is shifted in
phase from the previous symbol, either -90° to indicate a ©
or +90° to specify a 1. This is referred to as Differential
Advance Retard Keying and improves acquisition by the
terminal because every symbol contains a phase transition.

To decrease interference and accommodate a large number
of terminals at potentially different burst rates, a Time
Division Multiplexed (TDM) transmission scheme is used. The
TDM approach divides the total transmitted (or received)
spectrum into temporal increments or frames of predetermined
length. Messages or message signals transmitted in or by
the communications system 10 are allocated portions of this
time controlled sequence known as channels, and no other
signal uses the system at exactly the same time. The
allocated portions or channels are very small, temporally,
and their interleaving across successive frames very large
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It is seen that each frane period allows 2 synbols to be transmtted per
channel 7 This would inply a transms- sion rate of forty-eight (48) code
synmbol s every franme. However, to inprove reception, the pref
ment uses a fifty (50) synbol transn1s§h nrate for each fra
first synbol period enployed for settli 8 time to assure tha
transcei ver has locked onto, and the transnmitter is accurately wt _
sel ected fre- quency and not offset due to the changing charais- tics of

t he frequency source. . )
1) that communication appears simultaneous to all

o,

terminals. Methods and apparatus for generating,
transmitting, and controlling TDM signals are well known in
the communication art and can be accomplished using a
variety of signal multiplexing and control devices.

~ Each frame consists of a number of channels which
represent substantially identical, sub-frame length periods
during which symbols are transferred. This means that
messages or message signals are transferred a few bits at a
time during each successive frame until the message is
completed. The preferred embodiment divides each frame
into 25 sub-frames or channels. However, those skilled in
the art will readily understand that the number of channels
depends on the transmitting speed of the communication
system 10, number of users to be accommodated, and frequency
hopping schemes as described below.

In using the TDM approach, information is generally
sent over the communication signals 24a, 24b in discrete
packets. The communication system can accommodate packets
of differing 1lengths between 4 to 256 characters each,
depending on the type, burst rate, or size of messages being
transferred. In addition, the messages, preformatted or
free-form, are denerally 1limited to 2000 characters in
length to facilitate transfer speed and high message
capacity.

Each packet is generally segmented into fields of
information such as the type of message, typically a 6 bit
entry to distinguish between possible alternative system
formats, the 1length of the message, to allow proper
tracking, the body of the message, and the checksum bits.
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The second synbol is used as a phase reference for the third synbol in the
streamrof fifty synbols, with the third synbol being the first nessage

synbol . Each suc- cessive synbol is used as a phase refere
This relies on a differentially coherent denodul ati on sche TrHs
an absol ute phase reference since absolute reference appr

conplicated and extrenely difficult to <=dteve in a nobile co
system The code bl ocks or synbols are divided into alternat-

There 1is also an address field of 24 bits associated with
each message as discussed further below. Those skilled in
the art will readily understand that some "zero packing"
will be used from time to time to assure a uniform frame
size regardless of overlapping message 1lengths, varying
packet sizes and transmission rates, or empty channels.
However, unused channels generally will have random data
transmitted to improve tracking and acquisition of channels
by transceivers.

To assure that each transceiver is tracking and
demodulating a designated channel, a series of codes or code
masks can be used with the data to detect tracking errors.
That is, short bit patterns can be added to the data
transferred by each channel to allow automatic
differentiation from data in adjacent channels. Oonce a
transceiver commences demodulating one channel it records
the code mask for that channel. The mask is used to decode
or demodulate all data received until the end of the
message. If the transceiver erroneously uses data from
adjacent channels, the code mask will prevent incorporation
into the message.

In order to further reduce interference'by increasing
isolation and, thereby, increase the system 10 message
capacity, Frequency Hopping (FH) of the carrier frequency
can be used. An FH technique spreads the power density of
the signal 24 over the entire transponder 48 MHz bandwidth,
reducing downlink power density which minimizes interference
with other communication services and provides processihg
gain which the transceivers use in rejecting the
interference of other services. The basic techniques of FH-
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i ng groups or sequences. That is, every other code block is selected and
pl aced i n one 24 synbol group for transm ssion. This separatges every ot her
code synbol fromits adjacent synbol which spreads code synio
cl ose together in code to be far apart in time. This interl
bl ocks to provide a neans of minimzing signal errors genera
of errors in a sequence by spreading thel9message signal over a w
bandw dt h. The FH TDM type comruni cation signal 24a is

TDM transmissions are known in the communication art and
also provide a vehicle for spreading a signal out over a
given bandwidth so that transmission errors caused by
frequency selective fading or other aberrations only affect
a small portion of the signal. At the same time, frequency
hopping according to a unique pattern allows some degree of
security for some systeﬁ 10 users.

In the preferred embodiment, the forward link FH scheme
comprises dividing the appropriate forward link (downlink)
transponder bandwidth (11.7 - 12.2 Ghz) into 240 frequencies
located approximately 2.5 MHz apart. The hopping rate for
the frequencies of interest is on the order of 200
frequencies per second covering the 240 discrete hopping
frequencies before recycling. This means that the dwell time
for each fréquency is about 5 milliseconds. If each TDM
frame 1is transmitted at a new frequency then each frame is
‘about 5 milliseconds long and the size of each channel is
roughly 0.20 milliseconds in length.

The frequency hop pattern can comprise a simple 1linear
progression from high to low or vice versa, but a more
complex pattern based on a pseudo-randomly generated
frequency selection sequence is preferred. However, those
skilled in the art will also recogﬁize that a TDM signal
without frequency hopping will benefit greatly from the
method and apparatus of the present invention.

Returning to the desired transmission rate of 10,000
symbols per second or 1 symbol every 0.10 millisecond, it is
seen that each frame period allows 2 symbols. to be
transmitted per channel. This would imply a transmission
rate of forty-eight (48) code symbols every frame. However,
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transmtted by the Hub 14 through the repeater satellite 20 (where it
becones signal 24b) to all of the termnals within a given geographi cal
zone or region serviced by the satellite. This zone can be as Iarge as an
entire coun- try, or as narrow as a small state dependi ng
application However, regardless of the zone covered

-20-

to improve reception, the preferred embodiment uses a fifty
(50) symbol transmission rate for each frame with the first
symbol period employed for settling time to assure that the
transceiver has locked onto, and the transmitter is
accurately within, the selected frequency and not offset due
to the changing characteristics of the frequency source.

‘The second symbol is used as a phase reference for the
third symbol in the stream of fifty symbols, with the third
symbol being the first message symbol. Each successive
symbol is wused as a phase reference for the next. This
relies on a differentially coherent demodulation scheme as
opposed to an absolute phase reference since absolute
reference approaches are more complicated and extremely
difficult to achieve in a mobile communication system.

The code blocks or symbols are divided into alternating
groups or sequences. That is, every other code block is
selected and placed in one 24 symbol group for transmission.
This separates every other code symbol from its adjacent
symbol which spreads code symbols that are close together in
code to be far apart in time. This interleaves the code
blocks to provide a means of minimizing signal errors
generated as a burst of errors in a sequence by spreading
‘the message signal over a wide signal bandwidth.

The FH-TDM type communication signal 24a is transmitted
by the Hub 14 through the repeater satellite 20 (where it
becomes signal 24b) to all of the terminals within a given
geographical zone or region serviced by the satellite. This
zone can be as large as an entire country, or as narrow as a
small state depending on the application. However,
regardless of the 2zone covered by the satellite, each
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by the satellite, each termnal in that zone normally would have to detect,
noni t ok, and denodul ate the signal 24[err] in order to receiv | f
the nessages are sinply applied across all of the channels, T~
transceiver has to continuously track, denodul ate, and decod e eRby
wi de bandwi dth signal to assure re- cep&ign of a relevant nessage. I
woul d be required because every nessage“header or lead-in, in every chan-
nel, would have to be scanned by each transceiver to.verify which term na
S designated to receive the nes-

terminal in that zone normally would have to detect,
monitor, and demodulate the signal 24b in order to receive
messages. If the messages are simply applied across all of
the channels, then each transceiver has to continuously
track, demodulate, and decode the entire wide bandwidth
signal to assure reception of a relevant message. This
would be required because every message header or lead-in in
every channel would have to be scanned by each transceiver
to verify which terminal is designated to receive the
message. For 1large numbers of users this requires very
high speed, complex, demodulation circuitry to accomplish.
Since speed and complexity increase system cost and decrease
reliability, this is undesirable.

In the present invention, terminal selection is
accomplished using a new terminal or transceiver addressing
technique for TDM communication signals which comprises a
two part addressing scheme. This technique is.explained in
greater detail in copending U. S. Patent Application SN.
___+___ also assigned to the assignee of the present
invention.

In this technique, each terminal is assigned a unique
system address which is known to all Hub 14 transmitters or
system management centers 18 used by the communication
system 10. The terminal address establishes an individual
identity for each terminal in the system. This address is
generally set at the time of terminal manufacture or
installation and can be made unalterable by a transceiver
user or made dynamically changeable by the system 10
depending upon the system requirements or costs. In the
preferred embodiment, the transceiver addresses are
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sage. For |arge nunbers of users this requires very high speed, conplex,
denodulation circuitry to acconplish. Since speed and conpl gxity increase
system cost and decrease reliability, this is undesirable.
i nvention, term nal selection is accom pushed using a ne
transci ver addressing technique for TDM comruni cati on si gnals~y
prises a two part addressing schene. This technique is expl ai neo
greater detail in copending U S. parent application Ser. No. 07/144, 98
al so assigned to the

designated or determined by a 19 bit address term making
approximately 524,288 (219) terminal addresses available
which allows a very large number of users for the message
communication system 10.

In addition to the "individual" address, terminals can
also respond to specialized "system" addresses such as a
"group" address (if applicable), an "all-call" address, or
other "conditional" addresses. By providing these alternate
addresses to which a terminal, can respond, it is possible
to very efficiently transfer single messages to an entire
system or a group of terminals without sending the same
message to every designated transceiver over a longer
transmission period. = This also provides for the
transmission of system type information such as time of day,
service changes, etc., to all terminals on a periodic basis,
by interleaving these types of messages into otherwise
unused channel capacity.

With terminal addresses defined, the communication
channels in the FH-TDM communication signals 24 and 28 are
divided into an address portion of A channels and a data or
message portion of D=N-A channels. In the preferred
embodiment A is 4 and D is 21. However, other values for
the total number of channels and address channels c¢an be
used depending upon specific system requirements.

The A address channels are used to transmit address
information and designations for those terminals whose
messages are being transmitted by the Hub 14. The D data
channels are used to transmit the messages for the
designated terminals. The transmission of each message

address precedes the transmission of that message by a
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assignee of the present invention. In this technique, each termnal is
si gned~a uni que system address which is known to all Hub 14 ansmt- ters
or managesent centers 18 used by the comunica- tion system GHISTRE

terninal address establishes an indi- vidual identity for e#s E#F!A
the system This address is genersally set at the tine of term e Iﬁﬂny
ture or installation and can be made un&fferabl e by a transceiver usert

made dynam cal ly changeabl e by the system 10 dependi ng upon the system
requirenents

d&%m

predetermined period of time to allow a terminal to adjust
its tracking circuitry and synchronize with the appropriate
channel before the arrival of the message.

The address channels are typically designated as system
channels 1, 2, 3, ... etc. However, these channels can be
separated by data channels where channel tracking either
permits or desires this spacing  for transceiver
demodulation. In addition, the number of channels can be
dynamically adjusted by the system 10 to accommodate several
problem situations. One problem arises when there are a
great number of messages, saturating the address channels
but the messages are short, thus leaving excess data channel
capacity. In this situation, a data channel could be
reassigned to be an address channel. The opposite problem
occurs when there are an average number of messages but they
are all maximum 1length. The system 10 may find it
advantageous to use one of the address channels for data to
decrease the number of messages being backlogged.

This addressing scheme means that address information
only needs ‘to be demodulated at a fraction of the
communication signal rate allowing each transceiver to
monitor the communication signal 28 at this lower rate until
it detects its address. When a terminal detects its
address, accompanied by a channel assignment, the
transceiver switches to the appropriate channel and begins
demodulating and receiving the message. Therefore, it will
be apparent to those skilled in the art that transceivers
are not demodulating nor decoding the entire, or even a
majority of the communication signals 28 transmitted by the
communication system 10. This allows a less complex and
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or costs. In the preferred enbodi ment, the transceiver addresses are
designated or determned by a 19 bit ad- dress term nmaki ng approxi mately
524,288 (2[err]) term nal addresses available which allows a very |arge
nunber of users for the nessage comuni cation system 10. In j/agdition to the
"indivdual " address, termnals can also respond to speciali/edﬂwg
addresses such as a "group" address (if%2applicable), an "al al pi=&r
adddress, or other "conditional" addresses. By providing these aNgx
addresses, to which a termnal, can respond, it is

slower speed reception circuit which reduces power and cost
while increasing reliability and ease of construction.
Where desired, each transceiver can be assigned a specific
address channel to monitor, dynamically or fixed, which
further reduces processing to a 1/N rate for both addressing
and message demodulation. _

Reception and decoding of communication signals is
illustrated in further detail in Figure 2. 1In Figure 2, an
incoming communication signal comprising interleaved code
symbols 50 is received by each transceiver on a series of
signal channels 52 which are fregquency hopped in a sequence
of hops 54. The messages are received on the data channels
56 while address information is received on the address
channels 58.

The digital code symbols comprise the code block
symbols described above and are received at a rate of two
symbols per channel per frequency hop. There are two extra
symbols received during each hop with the first disregarded
or lost due to settling of the transceiver and the second
being used to obtain the phase required to track the third
symbol. Therefore, there are forty-eight  information
symbols per frame in each hop and 48 symbols received for
each channel after 24 hops.

After 48 symbols are accumulated they are sorted into a
first and second series of symbols shown in Figure 3 as "A"
symbols and "B" symbols with each group having 24 symbols.
Both message and address code symbols are sorted into 24
symbol code blocks 60 using a sorting step and apparatus.
This process removes the interleaving previously impressed
on the code symbols as they were transmitted. As can be
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possible to very efficiently transfer single nessages to an entire system
or a group of termnals without sending the same nmessage to every

desi.gnated transceiver over a |longer transm ssion period.
provi des for the transm ssion of systemtype information sug
day. service changes, etc.. to all ternggals on a periodic

readily understood by those skilled in the art, those
symbols that were close in code are transmitted far apart in
time which provides isolation from errors as previously
discussed. |

Every block of 24 symbols, "A" or "B" is decoded into
successive 12 bit blocks 62 using a Golay. (24,12] decoder.
The Golay [24,12]) decoding step yvields 12 bit blocks of
transmitted data. This data will be generated or received
at about 5,000 bits per second as originally transmitted
(before encoding). The 12 bit blocks of information now
comprise a series of address assignments or messages
depending on which channel they were received on.

The output of the address channels 56 comprises 24 bit
length information sequences 64 which use 19 bits to specify
a transceiver address within the communication system 10 and
5 bits to indicate a channel selection for receiving a
message directed to that transceiver. Each message has an
address 24 bit segment associated with it which is
segregated from the message and transferred over the address
channels to flag an appropriate transceiver.

The output of the message or data channels 58 comprises
a series of successive 12 bit blocks 68 which comprise a
header that indicates the type of message, including its
length, a main body of the message and a series of checksum
bits for error detection. The 1length of the incoming
message is important so that the transceiver can properly
track the entire message or provide an indication of error
if the entire message is not received.

As previously discussed, it is clearly understood that
address information for a transceiver is sent before the
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basis, by interleaving these types of nessages into other- w se unused
channel capacity. Wth term nal addresses defined, the comrunication
channel s in the FH TDM conmuni cati on signals 24a and 24[err]_are divided
info an address portion of A chan- nels and a data or nessggegpertion of D
= N-A channels. In the preferred enbodinent Ais 4 and D i§g
ot her values for the total nunber of chgﬂﬂgls and address ¢
used dependi ng upon specific systemrequirenents.

message is transmitted on a data channel. The amount of
"lead time" for transmitting address information depends on
the channel switching speed of the transceivers as would be
known by those skilled in the art. The address must be
provided prior to the message by a time period equal to this
switching time plus some settling time for the transceiver
to properly and accurately track the designated channel.

An exemplary transceiver for receiving the
communication signals and providing a message output is
illustrated in schematic form in Figure 3. In Figure 3, a
transceiver 70 is shown for receiving and demodulating
communication signals from the Hub 14 and satellite 20.
The transceiver 70 is connected to the antenna 30 through a
diplexer 32 for receiving the satellite downlink signal
24b which 1is transferred into a demodulator 72 for
demodulation into an encoded symbol stream (digital
message) .

The demodulator 72 employs elements known in the art
for down-con#erting the received communication signal 28 to
a lower IF frequency level and then symbol frequency level
(10K symbol bits per second). A local oscillator and other
reference signal sources would be provided for mixing with
the communication signal 24b along with one or more bandpass
filters. Once the signal 24b is demodulated and decoded it
is transferred to memory storage for accumulation of a
message and other processing steps. The demodulator 72
transfer rate is synchronized with the modulator used in the
Hub 14 or the satellite 20.

Synchronization for the transceiver 70 is accomplished
by tracking and synchronizing with the frequency hopping
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The A address channels are used to transmt address information and
designations for those term nals whose nessages are being transmtted by
the, Hub 14. The D data channels are used to transmt the nEssages for the
designated term nals. The transm ssion of each nessage addr e

transm ssion of that nmessage by a predeteym ned period of ~d
termnal to adjust its tracking circuit and synchroni ze wt
appropriate channel before the arrival of the message. The address
are typically designated as sys-

pattern of the communication signals. Once a transceiver
has synchronized with the frequency hopping of the TDM
signal frames then the internal frame timing is
automatically detected as well.

The mobile transceiver or terminal 70 incorporates a
low cost microprocessor or similar controller 74 for
implementing signal processing, acquisition, and
demodulation functions. A low noise amplifier 76 and the
conventional down-conversion chain of the demodulator 72,
provide a signal to the nmicroprocessor for signal
acquisition, tracking and demodulation. Information from
the demodulator 72 or the microprocessor 74 is provided to
an antenna tracking and pointing controller 78.

The antenna 30 is generally swept through a series of
360" arcs by the controller 78, until a signal is detected
from the satellite 20, in the receiver's frequency range,
above a predetermined threshold. At this juncture one or
more tracking and signal processing algorithms are used to
determine the direction of highest signal strength and the
antenna tracks that direction relative to receiver or
vehicle 12 position or movement.

Many of the individual functions performed by or under
control of the microprocessor 72 are illuskrated as separate
elements in Figure 4 for purposes of clarity. However,
those skilled in the art will readily appreciate that the
functions surrounded by the dashed line 75 can be performed
in a single miniaturized circuit by an integrated circuit
microprocessor and related support chips. This allows
implementation in a high reliability, low cost, 1low power
consumption circuit or using VSLI technology.
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temchannels 1, 2, 3, . . . etc. However, these channels can be separated
by data channel s where channel track- ing either permts or desires this

spacing for transceiver denodul ation. In addition, the nunber_of channels
can be dynam cally adjusted by the system 10 to accommop- daf epsewer al
probl em situati ons. One problen1ar|ses_P@§n there are a grdat n ?ﬂ&y,
nmessages, saturating the address channel's but the nessages are ﬁ@ﬁk 4,
| eavi ng excess data channel capacity. In this situation, a data chart

coul d be reassigned to be an address chan-

A receiver address storage element 82 is connected to
the demodulator 72 for storing the address assigned to the
receiver 70 and used to determine the presence of a message
from the satellite 20 or Hub 14.  The address storage
element 82 typically comprises a small ROM or similar memory
device connected to the microprocessor 74. The address can
be hardwired into the microprocessor structure itself such
as in the case of scratch memory, or internal RAM although
this may not be convenient or cost effective in many
appliéations. In addition, the use of a separate memory
element allows alteration by service personnel at a future
time where needed.

It is also possible to store the receiver address on a
portable storage element such as a magnetic strip or
cartridge which can be read by a card reader (not shown)
connected to the microprocessor 74. This would allow
jndividual communications system 10 users to move between
receivers which are permanently installed in a variety of
vehicles and automatically receive messages without
informing a central dispatcher of a new receiver location.

Once a receiver address matching that stored in the
address storage 82 is detected, the channel designated by
the corresponding address information is also received and
registered by the receiver 70. The receiver 70
automatically switches to synchronize reception on that
channel and begins demodulating a message signal.

If the antenna fails to track the communication signal
28 at any time during the reception of a message, or any
type of signal failure or blockage occurs, one or more
errors will be detected in signal demodulation and no
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nel . The opposite probl em occurs when there are an average nunber of

nmessages but they are all maxi num |l ength. The system 10 may find it

advant ageous to use one of the address channels for data to decrease the
nunber of messages bei ng backl ogged. This addressing sche
address informa- tion only needs to be_dgnodul ated at a fr
comuni cation signal rate allow ng each fransceiver to no#
comuni cation signal 24[err] at this lower rate until it deteC
address. Wien a termnal detects its

message will be displayed. Such errors would could include
premature termination of the message before the length,
time, specified in the message header or the failure of the
checksum verification process.

The demodulated communication signal is transferred to
a decoder 80 where Golay decoding occurs. At the same time,
a pseudo-random code source or other related code storage
element 84 provides any necessary code sequences required to
further decode a received message. '

The decoded message bits may be temporarily stored in a
memory element 86 before visually being displayed by a
display element 88. An exemplary display element comprises
a two to four row, twenty to eighty character wide display
unit capable of running from relatively low current. The
individual segments of the display can comprise LED, LCD,
electroluminescent, or discharge element type character
displays. Consideration must be given to the brightness
generally required in a vehicle environment to prevent undue
distraction of a drivers attention. '

The display unit 88 should be as compact and
lightweight as possible so that it can be mounted in an
easily viewed location. In addition, the display can
incorporate a message ready indicator or message error
indicator so that the receiver users knows that a message
was sent.

Alternativély, the message can be interfaced to other
processing elements, such as a portable computer, through an
interface device or connector 92 or printed out by a hard
copy device 90, such as a small thermal printer.
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-19- address, acconpani ed by a channel assignnent, the transceiver swtches
to the *appropriate channel and begi ns denodul-ati ng and recetyng the
message. There- fore, it will be apparent to those skilled/i g
transcei vers are not denodul ati ng nor decodi ng the entire,
majority of the comrunication signals -30-

What has been described to this point is the forward
link which provides the advantage of delivering messages to
a large number of users in almost any location, metropolitan
or rural, throughout the country with high reliability and
relatively low cost.

However, the communication system 10 offers the added
advantage of a return communication link so that short
responses can be made to received messages where desired.

For the return link each transceiver or mobile terminal
uses a low power signal on the order of 1 Watt and an
antenna gain of about 19 dBi for a transmit power of 19dBW.
The return link is transmitted at a higher ‘frequency than
the forward link to decrease interference. The frequency
chosen is in the typical satellite Ku band transponder range
between 14-14.5 GHz. However, as before other frequencies
can be employed for this return link. '

The return link communications signal 28 uses a FH
waveform similar to the forward link but takes advantage of
typically slower data transfer rates occurring from a mobile
communications terminal. That is, return messages or data
are not going to be entered into a local terminal at high
speeds where a terminal operator is manually responding to a
message. Where acknowledge and other prestored signals are
used they are adjusted to a slower bit rate to comport with
the slower manual entry mode.
| Since data is typically provided on the return link at
slower rates on the order of 100-140 bps maximum, and more
typically 22-48 bps, the FH rate needs to be decreased on
the return link in order to allow sufficient dwell time for

each channel +to transmit the data. To transfer Golay
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28 transmtted by the comuni cation system 10. This allows a | ess conpl ex
and sl ower speed reception cir- cuit which reduces power apd

. \ ed re cost while
increasing reliability and ease of construction. Were des .
QonNi t PL>

transcei ver can be assigned a specific address channel to
dynam cally or fixed, which further reduces processing to a N
bot h addressing and nes- sage dermpdul afi1bh. Reception and decodi ng of
comuni cation signals is illustrated in further detail in FIG 2. In FIG

2, an
{24,12] encoded data this becomes 280 symbols per second.
Therefore, the forward link rate of 200 frequencies per
second should be reduced to about 60 frequencies per second.

Messages being input to the transceiver 70 are
subjected to a rate 1/3, k=9 forward error encoding
‘convolutional code. .

The small, portable and directable antenna 30 typically
has a beamwidth on the order of 6-10" , which is wide enough
to encounter more than one satellite. Therefore, steps are
taken to provide a return link waveform that does not
interfere with existing services on adjacent satellites.

A direct sequence spread spectrum coding function is
applied to the return transmission to spread the signal out
over the transponder bandwidth and make the communication
signal 28 appear as relative noise to adjacent services.
For this application a short direct sequence pseudo-random
code 1is used. This code is typically applied to a direct
digital synthesizer or similar modulated frequency driver.

In the alternative, or in addition, either the forward
or return 1link communication signals are modified by
modulation with a special modulation waveform that disguises
the signal to other services. .

All satellite communication services currently
configured to detect and prevent interference by standard
video data or signals since a majority of satellite usage is
for television and video type broadcast transfers.
Therefore, all satellite services, video or otherwise, must
be able to detect and isolate video signals which are
transmitted employing a triangular wave form of modulation.
In the present invention, this general waveform is mimiced
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I ncom ng conmuni cation signal conprising interleaved code synbols 50 is
recei ved by each transceiver on a series of signal channels 52 which are
frequency hopped in a sequence of hops 54. The nessages ake_received on the
data channel s 58 while address information is re- ceived JolrishEg &

channel s 56. The digital code synbols €®2prise the code Ipl ock E;*'a;
descri bed above and are received at a rate of tw synbols pé aF

frequency hop. There are two extra synbols received during each hop Wt
t he

so that other systems perceive communication signals 24 or
28 as video signals which are ignored. This is accomplished
by modulating the RF carrier center frequency for the Hubs
14 or transceivers 70 with a triangular waveform having a 2
MHz peak to peak amplitude and a period of 30.24
milliseconds. This causes a triangle wave power dispersal
so that the forward 1link has the same interference
characteristics as a single video carrier saturating the
transponder so that no unacceptable interference is
generated for satellites adjacent to or within 2° from the
satellite 20. The triangular modulation can be implemented
by altering the characteristics of a DDS output which will
accurately track a triangle wave and yet transfer more
information than a true video signal. To facilitate
frequency coordination, the center frequency is fully
synthesized at the Hub and mobile terminals and can be
placed anywhere within the transponder, after informing the
transceivers of the new center frequency.

While interference by the transceiver 70 with other
services has been discussed, this is not the only
restriction on optimum operation. The transceivers 70 must
also be able to gquickly and reliably acquire the Hub 14 or
satellite 20 transmissions and continue to track them while
moving. 1In addition to interference from other systems, the
transceivers 70 face interference and loss of signal due to
a variety of inherent impediments for mobile communications,
including doppler effects, fregquency fading, etc.

The present invention counters many of these problems
by assuming. that there may be significant changes in the
transmission capability of the communication system 10 on a
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first disregarded or |ost due to settling of the transceiver and the second
being used to obtain the phase required to track the third synbol.

Therefore, there forty-eight information synbols per frame~~a_each hop.

Wth 2 synbols per channel, 48 symbols are received for e cﬁHEh@_; .
24 hops. After 48 synbols are accunul ated they are sorted
second series of synbols shown in FIG Z3®s "A" synbols and "
wi th each group having 24 synbol s.. Both nessage and address code

very short time scale, interpreting any change to altered
environmental cohditions, and adjusting for such changes.
Each transceiver 10 monitors the quality of or results of
communication with the Hub 14 and periodically adjusts
operational parameters to maintain or improve communication
links accordingly.

This is implemented in the present invention by
operating all transceivers in an alternating half-duplex
transmission/receive scheme. Transceivers are operated in a
half-duplex mode with transmissions done at a 50 percent
duty cycle to allow for continued antenna tracking and error
correction based on received downlink signals.

If at any time the downlink signal is 1lost then
transmission also terminates to assure that unacceptable
interference is not generated.

If the signal 1is lost, as previosuly. stated, any
partial message is deleted from memory and not present for
display. However, another key criteria is that if there |is
no downlink then the transceiver uses this information to
recognize that there is no uplink. Actually an uplink may
be possible ané the error could be in the receiver only.
However, the system assumes that without a downlink the
uplink information is either not being received or is no

" longer needed. In any case, the transmitter function is
terminated if the receiver link is terminated for  any
‘reason.

This provides a very good safety feature for commercial
applications of the transceiver 70. If the reception were
to be interrupted for any reason, including a person
interfering with reception by stepping in front of or

REPLAC ﬂI&T GHEE T
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synbols are sorted into 24 synbol

appar at us.

the.code synbols as they were transmtted. As can be readily,

t hose skil

transmtted far apart in time which proyjdes isolation fro
previ ously di scussed..

This process renoves the interleaving previously inpressed on

led in the art, those synbols that were close in

otherwise traversing the antenna path, then within a
fraction of a second all transmissions from the antenna
are terminated. Therefore, no radiation damage of any
significance nor hazardous exposure can ever occur for the
transceiver of the present invention making it ideal for
broad distribution in a commercial (mobile) communication
system.

The transceiver 70 is normally confiqured to be in a
receive mode wherein it monitors an assumed satellite
position or general horizon looking for a signal for
incoming communications signals. This initial signal
acquisition occupies the full duty cycle of the transceiver.
Once a signal is detected, tracked, and acquired, the
transceiver operates on the 50 percent duty cycle. Each
half cycle is a very short period of time on the order of 15
milliseconds.

After signal acquisition, the transceiver 70
synchronizes with the forward link FH pattern and rate and
switches to the correct channel frequency for receiving
either channel address or a message. Then, .every 15
milliseconds the transceiver 70 switches to the return 1link
FH rate and pattern and for 15 milliseconds. However, the
transceiver does not transmit until or unless requested to
do so by the Hub 14 or communications management center 18.
This assures that the Hub is prepared to receive the message
and that there are no higher priority tasks in progress,
including receipt of high priority emergency messages or
alternate system 10 operating data. Also, polling controls
the number and frequency of receivers to regulate

interference at all times.

code bl ocks 60 using a sorting step and

er st ood by
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-20 - Every block of 24 synbols, "A" or "B" is decoded into successive 12
bit blocks 62 using a Golay [24,12] decoder. The Golay [24,12] decoding

step yields 12 bit blocks of transmtted data. This data will be generated
or recejved at about 5,000 bits per second as originally t mtted

(before encoding). The 12 bit bl ocks of_ jignif ormation now c nﬁﬂnqﬁr‘ eries
of address assign- nents or nessages dependi ng on which ¢ nehaﬁﬁé%ﬁg
recei ved on. : LACED' BEpy

The transceiver 70 then returns to the receive mode and
continues to demodulate and decode the message, if any, so
forth.

This alteration between send and receive on a periodic
and short term basis provides the transceiver 70 with
several operational advantages.

First, the transceiver monitors the power 1level .and
characteristics of received signals every 15 milliseconds
and detects substantial changes. The hub and mobile
transceiver must agree well enough in terms of frequency to
allow the transceiver to acquire and track the forward 1link
signal. The transceiver will search +/- 18KHz about the
nominal specified frequency

There are several possible sources of error. The hub
14, satellite 20, management center 18, and transceiver 70
all have internal reference oscillators for establishing
transmission frequencies employed. Each’ of these
references can drift and cause frequency errors. The
satellite cause small frequency errors during translation
of the communicaiton signals between up and down 1link
frequencies. The transceiver 70 reference oscillator may
drift and is subject to temperature change induced
variations. '

In the communication system 10 the Hub employs a
Forward Link Processor (FLP) which adjusts transmission
frequencies to correct for some of the possibie errors
listed above. First, however, the error in the Hub
reference oscillator is assumed to be too small to measure.
This 1is generally justified due to the fixed nature of the
Hub facility and the heavily controlled environment and

o ANEASTAIT OUEET
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The output of the address channels 56 conprises 24 bit length information
sequences 64 which use 19 bits to specify a transceiver address within the
comiuni cation -system 10 and 5 bits to indicate a channel selection for
receiving a nessage directed to that transceiver. Each nessag
address 24 bit segnent associated with it which is segregated/f
nmessage and transferred over the address éhannels to flag an
trans- ceiver. The output of the nessage data channels 58 com

periodic maintenance such a facility undergoes.

Satellite translation error is measured and corrected
by using a reference receiver at the Hub and using a testing
or control pattern of information between the Hub and the
reference receiver through the satellite. The FLP sends
commonads to the satellite to adjust the translation
frequencies to match what the Hub transmits. Any residual
error, say from the control signals, is also assumed to be
too minimaal to have an impact on communication gquality.

The transceiver oscillator drift is corrected by the
transceiver according to a long term software program that
assumes certain drift characteristics for the transceiver
oscillator. Therefore, temperature drift is the largest
reference error and it is corrected by comparison to the
other references using the communication signals.

With the reference sources adjusted, the transceiver
‘assumes initial frequency variations in singals are due to
initial freguency tracking and synchronization mis-
alignment. However, once a signal is acquired the receiver
assumes that .all variations are due to receiver positioning
relative to the relay satellite or similar non-internal
frequency problems. Therefore, the receiver assumes that
antenna pointing and tracking must be adjusted when the
overall power level of a signal decreases (as when a corner
is turned) and that variations in frequency tracking are
caused by doppler effects which must be countered. That is,
variations in received frequency are assumed to be caused by
changing characteristics of the communication 1link itself
and not the error sources discussed above, which have been
corrected. This means that errors in tracking frequency are

REPLACE
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prises a series of successive 12 bit bl ocks 68 which com prise a header
that indicates the type of nessage, includ- ing its length, a main body of
t he. nessage and a series of checksumbits for error detectiory.
of the incom ng nessage is inportant so that the transceiver
track the entire nessage or provide an_indication of error
nmessage is not received. As previousl73arscussed, it is clearly u

that address information for a transceiver is sent before the nessage iS ../
transmtted on a data channel. The anount of

attributed to Doppler shifts from vehicle travel and the
frequency of both the receive and transmit functions of the
transceiver are adjusted to accommodate this shift. Since
the signal is constantly monitored on a short term basis,
the present invention provides improved tracking and Doppler
compensation.

Another advantage of the alternating half-duplex
technique is that the transceiver does not need a full
compliment of circuitry to handle both functions. That is,
several circuit elements can be shared between the two
functions since they are separated in time. Elements such
as the antenna, antenna and related circuit feed cables,
certain bandpass filters, and the transceiver local
oscillators can be shared between the transmit and receive
functions if configured appropriately.

In the present invention the transmit and receive
frequencies are chosen to be within the preferred Ku or 11.5
to 14 GHz bandwidth as disclosed above. However, to achieve
these extra high frequencies, one or more up-conversion
stages or IF mixing stages are required in the transceiver
70 circuitry. It has been found that a series of desirable
uplink and downlink or forward and return link frequencies
within the specified bandwidth and FH scheme can be chosen
so that they are separated by a very narrow margin in the
intermediate IF stages and a common tunable local oscillator
can be employed for both the transmit and receive function.

The result is that fewer components are required which
reduces cost, increases speed and reliability (switching
speed) and very importantly, decreases power consumption and

size of the transceiver.
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"lead tinme" for transmtting address information de- pends on the channel

sw tchi ng speed of the transceiv- ers as would be known by those skilled in
the art. The address nust be provided prior to the nessage by-a-tine period
equal to this switching time plus sonme settling tinme for the |t TASstriEver, I0 .
properly and accurately track the designgted channel. An exed | ar REPLACE) i
transcei ver for receiving the comu- 3§t|on signal s and prgerarﬁﬁ“ﬁf“"-~—~_j
nmessage output is illus- trated in schenatlc formin FIG 3. In FIG 3, a
trans-

A schematic diagram of a transceiver 70 analog
modulétion/demodulation section 100 operating according to
the principles of the present invention is illustrated in
Figure 4. In Figure 4, a modulator 100 is shown having a
Fine frequency synthesizer 102 and a Coarse frequency
synthesizer 104.

The coarse frequency synthesizer or Local Oscillator
(L.O0.) 104 represents a source of high to extra high
frequency signals which is generally tunable over a broad
range of interest in large steps on the order of 2-5 MHz
each. An exemplary coarse oscillator for use in the present
invention is a Phase Locked Loop (PLL) type oscillator
generating output signals at frequencies on the order of 652
- 1175 MHz. in steps of 2.5 MHz. (652.5, 655, 657.5,...)

The fine frequency synthesizer or oscillator 102
provides a finely tunable source of frequency with very low
noise and is tunable over a smaller frequency'range and or
in smaller discrete steps. The fine frequency synthesizer
102 can comprise one of several frequency sources that
provide a high accuracy, high resolution output in the
frequency range between 5 to 20 MHz with direct digital
synthesizers being preferred. An exemplary circuit for an
advanced digital synthesizer useful in the present invention
is disclosed in U. S. Patent Application SN. _ , _ = filed
January __, 1988 and assigned to the same assignee as the
present application.

In Figure 4 a single reference frequency source 106 is
shown for use with the PLL of the coarse synthesizer 104,
the fine synthesizer 102, other elements in the
modulator/demodulator 100 and other oscillator and
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ceiver 70 is shown for receiving and denodul ati ng com nunication signals

24 err]" fromthe Hub 14 and satellite 20. -21 - The transceiver 70 is
connected to the antenna 30 through a diplexer 32 for receiving the
satellite down- link signal 24b which is transferred into a
for denodul ation into an encoded synbol stream

-39_

processing stages for the transceiver 70. This provides a
system wide, synchronized reference or clock source which
improves signal to noise ratio and allows simplified system
wide synchronization with other system where desired. An
exemplary reference source 106 provides a reference signal
at 10 MHz from a highly stable reference source such as a
rubidium standard.

Communication signals received from the hub 14 are
received on the antenna 30 and transferred through an
up/down converter 108 and through a band pass filter llu to
a power splitter 112. The power splitter 112 exhibits a 3db
separation and is used to redirect received signals along a
different internal processing path from the transmit signals
and transfer them to a demodulation portion of the
transceiver 70.

Incoming or received communication signals 24b are
first mixed with the output of the coarse synthesizer 104 to
down convert them to a lower IF frequency in the range of
250 + 7 MHz. This is accomplished using a signal mixer 114
which wuses the communication signal as one input and the
output of the coarse synthesizer 104 as a second input.
The output of the mixer 114 is filtered by a band pass
filter 116 to remove unwanted frequency components added to
the down-converted communication signal by the mixer 114.

The output of the band pass filter 116 is transferred
to a second mixer 118 which has the output of the fine
synthesizer 102 as one input. The mixing of these two
signals provides a final IF frequency signal in the 20 + 20

MHz range.
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(digital nessage). The denodul ator 72 enpl oys el enments known in the art for
down-converting the received communi cation signal 24b to a lower |F
frequency | evel and then sym bol frequency |level (10K synbol bits per

second). A local oscillator and other reference signal SOLrﬁﬁﬁsﬂggﬁq“ﬂth
provided for mxing with the connunlcatuﬂﬁ signal 24[err] anngRg@LAtb ne 0

nore bandpass filters. Once the signal I s denodul at ed "and—decogded—+
transferred to nenory storage for accumul ati on of a

The output of the mixer 118 is transferred though a
crystal filter 120 to the microprocessor 74 and subsequently
decoded and displayed as a message for the transceiver 70.

‘When a transceiver 70 user has input a message through
the display unit 88 or similar input means it is encoded and
transferred into the modulator/demodulator 100 by modulating
the input of the fine synthesizer 102. This is easily
accomplished using direct digital synthesizer technology as
understood by those skilled in the art. The output of
the fine synthesizer 102 is applied to one input of a mixer
124 and the output of the coarse synthesizer 104 is applied
to a second input of the mixer 124 to generate an
intermediate IF frequency. This generates an 6utput
frequency from the mixer 124 on the order of 900- 1400 MHz
when the coarse synthesizer 104 generates a frequency on the
order of 652-1175 MHz and the fine synthesizer 102 generates
an output in the range of 247 + 7 MHz. )

The resulting transmit carrier, complete with modulated
message data, is transferred to the up/down converter 108
connected to the transceiver antenna 30. The bandpass
filter 104 filters unwanted frequency components from the
transmit communication signal as it is transferred through
the splitter 112 to the up/down converter 108.

The bandpass filter 110 is generally a single section
varacter tuned voltage controlled type filter which removes
local oscillator or synthesizer frequencies and low
frequency images and also allows tuning to other frequency
bands for use in the forward link demodulation.

The communication signal is up converted by the
converter 108 to the desired 11.7 - 12.2 GHz range by mixing
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nmessage and ot her processing steps. The denodul ator 72 transfer rate is

synchroni zed with the nodul ator used in the Hub 14 or the satellite 20.

Synchroni zation for the transceiver 70 is accom plished tracking and
synchroni zing with the fre- quency hopping pattern of the/c
signals. Once a transceiver has synchroghyzed with the freguency,
the TDM signal franmes then the internal frame timng is auto
detected as well. The nobile transceiver or termnal 70 incorporates

with 13.1 GHz reference. The up/down converter 108 can be
configured as an output channel having a power amplifier
connected to a diplexer for the antenna 30 with a mixer 130
connected to a local oscillator providing the 13.1 GHz
mixing reference frequency. On the return link the up/down
converter 108 presents a second mixer connected ‘to the 13.1
GHz local oscillator for down converting received
communication signals.

What has been described, then is a new method and
apparatus for transferring messages between central
communication stations and one or more remote, mobile,
transceivers which allows 1low cost mass production of
terminal equipment which achieves a high performance level
in a variety of interference environments.

The foregoing description of preferred embodiments has
been presented for purposes of illustration and description.
It is not intended to be exhaustive nor to 1limit the
invention to: the precise form disclosed, and many
modifications and variations are possible in light of the
above teaching. The embodiments were chosen and described
to best explain the principles of the invention and its
practical application to thereby enable others skilled in
the art to best utilize the invention in various embodiments
and with various modifications as are suited to the
particular use contemplated. It is intended that the scope
of the invention be defined by " the claims and their
equivalents.
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| ow cost m croprocessor or simlar controller 74 for inplenenting signal
processi ng, acquisition, and de- nodul ation functions. A |l ow noise
amplifier 76 and the conventional down-conversion chain of the denodul a-
tor 72, provide a signal to the m croprocessor for signal Jisition
tracki ng and denodul ation. Information fromthe denodul at 9
m croprocessor 74 is provided to an ant&tina tracki ng and 'ntlngmﬂ

controller 78. The antenna 30 is generaLLy—smeﬁ%—%h+eﬂgh—a—ser|-f

Tx € L M [ *

CLAIMS

1. A communication system for transferring messages
between central communication stations and one or more of a
plurality of mobile terminals through Earth orbital relay
satellites, comprising:

ét least one central communication station having first
transceiver means for transmitting a first communication
signal; and '

at least one mobile terminal having second transceiver
means. for receiving said first communication signal and
demodulating said signal, and for transmitting at a
predetermined transmit and receive duty cycle, second
communication signals to at least one of said central
communication stations.

2. The communication system of Claim 1 wherein said
predetermined duty cycle for said second transceiver means

comprises a fifty percent duty cycle.

3. Thé communication system of Claim 2 wherein said
fifty percent duty cycle comprises a period on the order of
10-20 milliseconds.

4. The communication system of Claim 1 wherein said
at least one central communication station first transceiver
means transmits and receives Time Division Multiplexed
communication signals which comprise a series of N channels
which are separated . into A address channels and D data

channels.

e - o
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360 arcs by the controller 78, until a signal is detected fromthe

satellite 20, in the receiver's frequency range, above a predet er m ned
t hreshold. At this juncture one or nore tracking and signal -
al gorithns_are used—toe—determ ne the direction of highest

S(r)\gli E ihgna(r;ﬁ ﬂwm“mmw“‘mﬂ!‘dl rection _r4eal-at ive to receiver
* c L

5. The system of Claim 4 wherein said central
communication station further comprises:

receiver assignment means for detecting which of said
plurality of terminals each message is directed to:

channel assignment means for assigning at least one
channel to each of said messages at a time from said D
channels;

address control means for transferring a terminal
address and an associated channel assignment onto one of
said A channels in response to input messages intended for a
terminal; and

message input means connected to said channel
assignment means for receiving digital messages and
transferring said messages onto said D channels in response
to an assignment from said channel assignment means at a
rate of one message per channel.

6. The system of Claim 5 wherein said central
communication station further comprises:

at least one narrow beam antenna; and

conversion means for converting information to be
transmitted to a terminal into digital messages at a

predetermined transfer rate.

7. The system of Claim 1 where in said second
transceiver means has a demodulator/modulator apparatus,
comprising: _

input/output means for transferring communication
signals between an antenna and said demodulator/modulétor
apparatus; |
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-22- Many of the individual functions performed by or under control of the
m croprocessor 72 are illustrated as separate elements in FIG 4 for

pur poses ofrﬁ%gi%%xi~ﬂgmeMeLr—Phose skilled in the art wlfl 5
appreci ate urrounded by the dashed |ije ERE
performed in aﬂmna‘\ﬁmgﬂﬂ[ﬁ ‘Tzed circuit by an inte- gra dﬁﬂbg){l
m croprocessor

ssupport chips. This allows inplenmenta
hi gh rellablllty,_ ow cost, | ow power Ci ﬁsunptlon circuit or using

an up/down conversion means connected in series with
said input/output means for converting received signals at
extra high frequencies to a first preselected intermediate
freguency range and for converting transmitted signals in
said first intermediate frequency range to said extra high
frequencies; _

tunable band pass filter connected in series with said
up/down - conversion means, said tunable bandpass filter
capable of having a preselected band pass range tuned in
response to a control signal;

a power signal splitter connected in series with said
tunable band pass filter having three input/output ports
with one connected to said tunable band pass filter;

a first mixer connected at a first input to a second
input/output port for said signal splitter:

a coarse frequency synthesizer connected to 'said first
mixer at a second input; .

a second band pass filter in series with said first
mixer and connected to an output thereof;

a second mixer connected in series with said second
band pass filter and connected thereto at a first input:;

fine frequency synthesizer connected to said second
mixer at a second input;

a crystal output filter connected to an output of said
second mixer;

a third mixer connected at a first input to said fine
synthesizer and at a second input to said coarse
synthesizer, and having an output connected to a third
input/output port of said power splitter; and
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VLSI technol ogy. A receiver address storage elenent 82 is connected to the
denodul ator 72 for storing the address assigned to the receiver 70 and used
to determine the presence of a -nessage fromthe satellite 2 Hub 14.

The address storage elenent—82-typically conprises a small Q
menory device co j|Cr oproces- sor 74 as indic
dashed I'ine idenﬂiﬂ“}ﬁﬁmml“m"'merence.(mﬂmraI 73. The address

hardwi red into the m criopmocesser structure itself such as in the

transmit modulation means connected to said fine
synthesizer for modulating a frequency output thereof in
response to transmission of desired second communication

signals.

—_—
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case of scratch nmenory, or internal RAM al though this nmay not be conveni ent
or cost effective in many appli- cations. In addition, the use o :
separate nmenory ele- nent allows alteration by service personne
future time where needed. It is also poggible to store the rece S
on a portable storage el enent such as a nagnetic strip or cartridge€ ay&”*j“
can be read by a card reader (not shown) connected to the m croprocesso &
74. This woul dagrERNATING VisHOUENIQNT NiRAtF ONSUBKEX € "COMMUNICATION
SYSTEM

ABSTRACT

A message communication system employing one or
more centralized communication stations (22)
transferring messages through Earth orbit repeater
satellites (20) to or from mobile terminals (10) with
at least one central communication station having a
first transceiver for transmitting a first-
communication signal to one or more mobile terminals
and at least one mobile terminal having a second
transceiver for receiving the first communication
signal and demodulating it, and for transmitting at a
predetermined duty cycle of the second transceiver, a
second communication signal to at least one of the
central communication sta.ti.o_r;;s. The preferred duty
cycle over which the second communication signal is
transmitted is about £fifty percent of the second
transceiver duty cycle. The communication system uses
Time Division Multiplexed (TDM) communication signals.
using a number of channels as designated addresé
channels (56) with the remainder (58) being used for

data transfer.

FIGURE 2
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users to nove between receivers which are perma- nently installed in a
varlety of vehicles and automati- cally receive nessages w thofitzy '
a central dis- patcher of a new receiver location. Once a rec |V€B‘
mat ching that stored in the address staorgge 82 is detected, t
desi gnated by the correspondi ng address information is also re- ce|
regi stered by the receiver 70. The receiver 70 autonatically swtches t
synchroni ze reception on that channel and begi ns denodul ati ng a nessage
si gnal . :

24
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-23 - If the antenna fails to track the comunication signal
time dlring the reception of a nessage, or any type of signal
bl ockage occurs, one or nore errors will be detected in sign
and no nmessage will be displ ayed. Such_eérprs could include pre

term nation of 'the nessage before the | €ength,
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tinme,

verifitation process.
to .a decoder 80 where Gol ay decodi ng occurs.

specified in the nessage header or the failure of the checksum
The denodul ated comruni cati on signa
At the same tindg, p

is trans- ferred

Js T _
pseudo-random code source or other rel atgd_code storage el engnt §§H§§ es

any necessary code sequences required to further decode a recénr

The decoded nessage bits may be tenporarily stored in a nenory ele
before visually being displayed
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by a display element 88. An exenplary display elenent conprises a two to
four row, twenty to eighty character w de display unit capable of running
fromrelatively I ow current. The individual segnments of the
conprise LED, LCD, electrolumnescent, oy discharge el enent t VB8
di spl ays. Consideration nust be given to the bri ght ness general | f
in a vehicle environnment to prevent undue distraction of a dri

attention. The display unit 83-should,be as conpact and |ight-
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1e0§=>2% S
wei ght as possible so that it can be nounted in an easily viewed | ocation.
. In"addition, the display can incorpo- rate a nessage ready indicator or
nmessage error indica- tor so that the receiver users know £ Bat_a nessage
was sent. Alternatively, the nmessage can be interfaced to/otters.prQcessi ng
el enents, such as a portable conputeriithrough an interface 'EWE'
connector 92 or printed out by a hard copy deMYgdage, such as &
thermal printer.

ALTERNATING SEQUENTIAL HALF DUPLEX COMMUNICATION SYSTEM

BACKGROUND OF THE INVENTION

The present invention relates to communication systems
and more particularly to two-way telecommunication systems
enploying central message transmitting stations and 'Earth
orbit relay satellites to transfer messages between mobile
terminals and the central stations. The invention further
relates to a two-way telecommunication system using a
sequential, alternating, half duplex communication pattern
to reduce complexity and power requirements for each
terminal while providing reliable communications between a
large number of mobile system users.

Background of the Art
There is an ever increasing need for communication

systems to provide message delivery or brief transfers of
information between a central communication office or
dispatcher and a number of remote system users. There are a
substantial number of commercial, governmental, and private
applications requiring the-delivery of relatively short
messages to or from a large number of geogfaphically
dispersed terminals, or mobile transceivers, often on an
irregular basis. The need for message services includes
such diverse applications as government services (military,
law enforcement, legislative) where secure communications
are desired, fbrestry, resource management, disaster relief

or coordination, aviation, navigation, commercial transport
or transportation, and message delivery services.

REPLACEMENT SHEET
B4 HOY 1997

This Sheet Has Been Replaced -

[N ATAR




What has been desribed to this point is the forward |ink whigQ provides the
s advant age of delivering nmes- sages to a | arge nunber of user/s 74N
| ocation, metropolitan or rural, throughout the country w td&Q_hi
reliability and relatively | ow cost. -24- However, the con™
system 10 offers the -2-

other examples include the interstate trucking industry
where dispatchers wish to communicate short messages to
trucks located anywhere in continental U.S., especially in
rural areas. Presently the transfer of such messages is
restricted to periodic telephonic communication between
drivers and a central dispatcher or contact person.
Currently, truck drivers must call long distance from many
remote geographic locations to retrieve messages or to
update delivery and pick-up schedules. However, it is hard,
if not impossible, for drivers to consistently "call in" at
fixed, scheduled, times since telephone services are not
always readily available in many areas. The conventional
"call in" approach also creates accounting problems and
major personal inconvenience by requiring vehicle drivers to

i use money or charge cards for long distance calls at
substantial cost even when no updated message or information
is transferred. '

Aside from conventional telephone systems, other
communication systems have attempted to address the ‘mobile
market. Radio telephone, cellular telephone, and portable
radio transceivers (CB) are all capable of providing some
form of communication between a mobile transceiver and a
base unit. However, these communication systems suffer from
several drawbacks and have proven inadequate as message
communication systems for serving a large number of widely
dispersed users. .

Current mobile communication services operate on a
limited number of high frequency, low data rate, channels
and have many more potential users than system capacity.
Many systems, 1like cellular telephone, employ frequency
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added advantage of a return comunication |linkso that short responses can
‘e made to received nessages where desired. For the return lin
transcei ver or nobile term - nal uses a | ow power signal on t
Watt and an antenna gain of about 19 dBi for a transmt power O
The return link is transnmitted at a hrgﬁer fre- quency than the for
link to decrease interference. The frequency chosen is in the typical
satellite Ku band transponder range between 14-14.5 GHz. However, as

reuse across an array of cells to increase capacity, with
each cell having a short transmission range to increase
frequency reuse and reduce interference. However, these
lower power transmissions are more prone to frequency
selective fading and signal blocking and require highly
mobile users to frequently change channels as new cells are
traversed. These systems are also prone to  sudden
communication 1loss when no channels are available in
adjacent cells. '

Cellular systems economically serve large metropolitan
areas but leave many urban and most rural areas without any
service or direct coverage at all. Messages for these areas'
are switched to conventional telephone or satellite carriers
for 1long distance transfers to ground based systems which
eliminates the flexibility desired. There ar no direct
satellite communication systems.

Direct communication, non-cellular, using traditional
mobile radio transceivers also reduires constant monitoring
of a variety of frequencies all of which are crowded with
existing traffic. These services, like cellular telephone,
are subject to frequént system overload and signal
degradation from several interference sources which makes
them incapable of handling a large volume of traffic. These
transceivers alsoc have a low range imposed by the need to
prevent interference with other communication systems.

Communication systems based on Earth orbital relay
satellites have been proposed as a new approach to solve
many communication problems, especially coverage of
geographically diverse, 1low user density or rural areas.
Several systems have been proposed or developed to operate

REPLACEMENT SHEET

This Sheet Has Been Replaced




bef ore other frequencies can be enployed for this re- tfurn link. The return
)i nk communi cations signal 28[err] uses a frequency hopped vwef orm sim | ar
to the forward |ink but takes advantage of typically sl ower

rates occurring froma nobile comunications term - nal. Tha
messages or data are not going to be Thtered into a local termms &%k
speeds where a term nal operator is manually responding to a nessage:
acknowl edge and ot her prestored signals are

through orbital relay satellités and central communication
stations. Exahples of such systems are found in U. S.
Patent Nos. 4,291,409 and 4,455,651.

However, the high gain, low interference requirements
imposed on such systems, especially in regards to adjacent
Earth orbit relay satellites or concurrent satellite users,
requires the use of large, narrow-beam, receiver antennas on
the order of 4 feet or more in diameter, which eliminates
mobile applicétions. In addition, these satellite systems
are limited to low data transfer rates which severely limits
the number of potential users and data transfer capacity.
Otherwise, tracking and demodulating a high data rate
satellite signal requires very high speed, complex, and
expensive, receivers that also consume a lot of power for
signal scanning and processing even when not receiving
messages. Such equipment is impractical for a commercial
message system. '

What is needed is a communication system that allows
continuous delivery of messages and related communication
parameters or control information to a large number of useors
over a large geographical area. The system needs to pro%ide
a return link for message acknowledgment and responses. A
system that allows the development of a complete private
digital data network. The system needs to be cost
effective, simple to operate, maintain, and install, and
minimize antenna requirements. The system should also
automatically adjust to handle many transfer errors
associated with a mobile environment.
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used they are adjusted to a slower bit rate to conport with the sl ower
:manual entry node. Since data is typically provided on the feturn link at
sl ower rates on the order of 100-140 bps nmaxi num and nore/t
bps, the frequency hop rate needs to be_decreased on the r% urn_ﬁkA' Ln
order to allow sufficient dwel| time foP each channel to tran3n @%& .8
To transfer Golay [24,12] encoded data this be- cones 280 synbol s™~petd
second. Therefore, the forward link rate of 200 frequenci es per second
shoul d be re-

SUMMARY OF THE INVENTION

With the above problems of the art in mind it is a
purpose of the present invention to provide a two-way
message communication system capable of accommodating a
large number of geographically diverse users.

An advantage of the present invention is that it
provides a modulation scheme that provides performance
comparable to a predetermined signal to interference ratio
in any interference scenario encountered.

Another purpose of the invention is to use a novel
modulation, coding, and multiplexing technique which allows
an inexpensive two-way mobile terminal with a very small
antenna suitable for use on a moving vehicle, to receive and
transmit data reliably using a satellite repeater.

Yet another purpose of the invention is to provide a
modulation and coding scheme that is implemented digitally,
preferably as firmwafe in signal processing chips of the
VLSI type and in microcomputers.

Another advantage of the present invention is that the
communication signals can be more effectively screened from
existing communication services. 5

Yet another advantage of the present invention is a
high performance, cost effective, and flexible
implementation.

Still another advantage is that the present invention
provides a modulation and coding scheme that allows mass
production of circuits and modules to be used for the
remaining analog functions for the mobile terminals.

An object of the invention is to allow flexibility in
data transfer rates so that receivers of differing transfer
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‘transceiver 70 are sub- jected to a rate [err], k=9 forward efriggse
convo- lutional code. The snall, portable and directabl e ant R ISYA ey
cally has a beammi dth on the order of %= 10[err], which is wide 4

encounter nore than one satellite. Therefore, steps are taken to pro 5
return |ink waveformthat does not interfere Wi th existing services on

adj acent satellites. .
rates or capabilities are eff1c1ent1y accommodated 1n a

single system.
A further advantage of the system that results from the

latter object is that more energy per bit can be used to
compensate for unequal downlink power density across large

geographical areas. .
These and other purposes, objects, and advantages are

realized in a message communication system for sending
messages between central communication stations and one or
more mobile terminals through Earth orbital relay stations
comprising at least one central communication station having
a first transceiver for transmitting a first communication
signal from the central station to one or more mobile
terminals and at least one mobile terminal having a second
transceiver for receiving the first communication signal and
demodulating it, and for transmitting at a predetermined
duty cycle for the second transceiver, a second
communication signal to at least one of the central
communication stations. The preferred predetermined duty
cycle over which the second communication signal is
transmitted 1s about fifty percent of the second transcelver
duty cycle. At the frequencies of interest the flfty
percent duty cycle is on the order of 10 - 20 milliseconds
in length.

In a preferred embodiment, the communication system
first and second transceivers transmit and receive Time
Division Multiplexed communication signals which comprise N
serial channels, with D data channels (D < N) used for
transmission of message data and A address channels (where
A = N - D) used for transmission of address information.

INE————
Sheet Has Been Replaced REPLACE: MENT St ET‘f

T o4 107

~_.._1




- 26.- A direct sequence spread spectrum coding function is applied to the
return transm ssion to spread the signal out over the transponder bandw dth
and make the com nunication signal 28[err] appear as rel at ise to
adj a- cent services. For this applicatkhan a short direct sg-
pseudo-random code is used. This code |s typi -

The address information is in the form of terminal addresses
where messages are designated to be sent.

The central communication stations employ a terminal
assignment device which determines which terminals in the
system a message is directed to and, accordingly, assigns a
terminal address to the message; and a channel assignment
device for assigning each message to at least one of the
data channels for transmission. An address controller
transfers a terminal address and 'an associated data channel
assignment onto one of the address channels in response to
input messages intended for each terminal. Alternatively,
where a message is intended for several terminals, multiple
addresses are designated or assigned to a message. Also,
special group or all call addresses can be associated with
each receiver to facilitate multiple receiver addressing
with 'a minimum of address information when possible.

A message input control device is connected to the
channel assignment device and receives digital messages and
transfers them serially onto designated data channels in
response to an assignment from the channel aésignment device’
at a rate of one message per channel at a time. The input
message data is nominally transferred at a rate on the order
of at least 5,000 bits per second.

In a preferred embodiment the communication system
applies Golay [24,12] block coding to the digital messages
prior to transmission and applies a corresponding Golay
[24,12] block decoding process to resulting symbol data when
received. The Golay coding generates digital symbol data .at
a rate on the order of 10,000 bits a second. In addition, a
checksum computation is performed on input digital messages
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cally applied to a direct digital synthesizer or simlar nodul ated
frequency driver. In the alternative, or in addition, eithe he forward or
return |link comruni cation signals are nodified by nodul ati It a speci al
nodul ati on waveform that disguises the signal to other ser&q X
satellite conmuni cation services are ctérrently configured to \égg
prevent interference by stan- dard video data or signals since a
of satellite usage is for television and video type broadcast trans-

with a series of bits being added to the end of the nessage
for checksum verificatiocn by the receiver.

In further aspects of the invention, the operating
frequency of the TDM communication signal 1is frequency
hopped at differing rates between the forward and return
links over a preselected number of frequencies to decrease
the power density of communication signals.

A unique triangular waveform is used to modulate the RF
carrier center frequency with a 2 MHz peak to peak amplitude
and a period of 30.24 milliseconds. This causes a triangle
wave power dispersal so that the forward link has the same
interference characteristics as a single video carrier
saturating the transponder so that no unacceptable
interference is generated for satellites adjacent to or
within 2° from the satellite 20.

The central communication station uses an input or
conversion element to convert incoming message information
from digital or analog sources into digital messages at a
predetermined transfer rate on the order of 5,000 bits a
second. The digital messages are then'usgd-to modulate a
carrier to 'form the desired communication signal. ' The
transmitter is connected to.at least one narrow-beam antenna
which directs communication signals to a preselected relay
satellite.

The communication system of the present invention uses
mobile terminals having small, portable, directable, narrow-
beam antennas connected to a demultiplexer and other means
for detecting, demodulating, and decoding the TDM
communication signal so as to receive message data. The
mobile terminals take advantage of the alternating duty
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fers.- Therefore, all satellite services, video or otherw se, squst be able
to detect and isolate video signals which are transnitted e ]
triangul ar wave form of nodul ation. In the present inventioR
wave- formis mmcked so that other s%ggens percei ve com nuni~e
signals 24 or 28 as video signals which“are ignored. This is acco
by nodul ating the RF carrier center frequency for the Hubs 14 or

transceivers 70 with a triangular waveformhaving a 2 MJHz peak to peak

anplitude and a period of 30.24 mlliseconds. This .
cycle for transmission and reception to monitor the

parameters of received signals and use changes as a guide to
alter return link signal characteristics. In addition, the

transceivers employ a single set of local oscillators for

both transmit and receive functions.

BRIEF DESCRIPTION OF THE DRAWINGS

The novel features of the present invention may be
better understood from the accompanying description when
taken in conjunction with the accompanying drawings in
which:

Figure 1 illustrates an overall diagram of a
communication system operating according to the principles
of the present invention;

Figure 2 illustrates an overview of the message
encoding/decoding and channel nmultiplexing of communication
siénals used in the system of Figure 1;

Figure 3 illustrates a schematic representation of
exemplary circuit functions employed in a transceiver for
the system of Figure 1; and )

Figure'_4 illustrates a schematic representation of
exemplary demodulator/modulator circuit functions employed
in a transceiver for the system of Figure 1.

DETAILED DESCRIPTION OF A PREFERRED EﬁBODIMENT
The present invention provides a method and apparatus
for transferring messages between one or more remote, mobile
terminals and a series of one or more central communication
stations or Hubs. The communication system provides this
information transfer for a large number of users by using a
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causes a triangle wave power dispersal so that the for- ward link has the
'sane interference characteristics as a single video carrier A3 '
transponder so that no unacceptable interference is generat

out put mhich w Il accurately track a triangle wave and yet transfér
information than a true video signal To facilitate frequency coordi -
nation, the center frequency is fully synthesized at the

Time Division Multiplexed (TDM) communication signal having
message transfer channels and receiver address channels
which are used in an alternating half duplex mode. That is,
forward link and return link transmissions or reception for
the central communications stations as well as mobile
terminals alternate between a send and receive mode on a
predetermined periodic basis to allow use of common elements
in the up and down conversion chains as well as in the . 1IF
elements to minimize complexity and costs. At the same
time, this alternating communication scheme allows TDM mode
tracking and error correction which improves communications.
An overview of a communication system operating
according to the principles of the present invention is
illustrated in Figure 1. 1In Figure 1, a communication
system 10 is illustrated having a mobile terminal (not
shown) mounted in a vehicle such as a truck 12. The truck
12 represents any of a variety of vehicles whose occupants
desire to obtain occasional or updated information, status
reports, or messages from a central communication source.
As previously discussed, truck drivers or various drayage
personnel often have a need for ready access to messages for
more efficient operation. -
It is also very desirable to have a mobile system user
'be able to communicate at least some form of limited message
or acknowledgment to the central control station in response
to received messages. A reply message may prevent the need
for further communications or may indicate a need for an
additional instruction or updated message from new
information provided by a vehicle driver. At the same'time,
by providing for a return link of communication, even |if
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Hub and nobile term nals and can be placed anywhere within the transponder
.after informng the transceivers of the new center frequency.

this is not the only restric- tion on epiinum operation. The
70 nust also be able to quickly and reliably acquire the Hub 14

limited in content, it is possible to incorporate other
features into the communication link such as simple message
acknowledgment to provide verification of message receipt by
.the terminal whether or not the driver operates on the
information. Other automatic responses may also be -
configured into the operation of the transceiver such as
location and vehicle status. '

The return link allows a driver to enter messages such
as a verification of time and delivery information, or a
report on current position or other status information.

A message is transmitted to the truck 12 from a central
transmission facility or terminal 14 referred to as a Hub
facility. The central terminal or Hub 14 can be placed at a
location such as a trucking terminal or central dispatch
office allowing lower cite costs and local, direct, access
to transmission equipment for maintenance and system
upgrade.

Alternatively, the Hub 14 is 1located in a remote
location more ideally suited for low interference ground-to-
satellite transmission or ;eception{ In this case, one or
more system user facilities in the form of central dispatch
offices, message centers, or communication offices 16 are
tied through a telephonic, optical, satellite, or other
dedicated communication link to the Hub 14. In addition,
for large numbers. of remote customer message centers, a
message or network management center 18 can be employed to
more efficiently control the priority, access, accounting,
and transfer characteristics of message data.

The Hub 14 or management center 18 can be interfaced
to ekisting communication systems using well known
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-27 or satellite 20 transm ssions and continue to track them while noving.
+In addition to interference fromother systens, the transcefveks 70 face
interference and | oss of signal due to a variety of inherept i

for nobile comunications, including Dgppl er effects, freq
etc. The present invention counters many of these prob- | ens by~G
that there nmay be significant changes in the transm ssion capablh

conmuni cati on
interface equipment such as high speed modems or codecs
which feed message signals into the communication system 10.

High speed data management computers can also be used to
determine message priorities, authorization, length, type,
accounting details, and otherwise control access to the
comnunication system 10.

The Hub 14 employs an Extremely ngh Frequency (EHF)
transceiver to establish an forward and return link or up
and down 1link communication paths with a geosynchronous
Earth orbiting relay or repeater satellite 20. These 1links
are ﬁaintained at one or more of a number of preselected
frequencies or fregquency ranges. A typical satellite system
employs a series of repeater transponders for . transmitting
12 GHz frequency signals for TV or radio transmissions to
ground stations.

The preferred embodiment of the communication system 10
employs uplink and downlink carrier frequencies in the EHF
Ku band to allow access through the transponders on existing
or new communication satellites already launched or planned.
The communication system 10 can take advantage of unused or
excess satellite capacity at these frequencies and does' not
require the launching of 1ts own, new, dedicated satellites.

Therefore, the benefits of the present invention are
immediately available without additional expensive satellite
technology. However, the communication system 10 can also be
implemented at other frequencies dependent upon available
satellite transponders and can provide improved
communication through some ground based repeaters.

The Hub's transmission signal is transferred through a
diplexer 22 to an antenna 26. The antenna 26 comprises a

I —
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system 10 on a very short time scale, interpreting any change to altered
-environnental conditions, and adjust- ing for such changes. Eaght
transceiver 10 nonitors the quality of or results of comunicag
Hub 14 and periodically adjusts operational paraneters to nma

i nvention by oper- ating all transceivers in an alternating hal f-duphed
trans- m ssion/receive scheme. Transceivers are operated in a hal f-dup
node with transm ssions done at a 50 per-

very small aperture antenna for directing the communication
signal 24 to a single orbiting satellite.

A forward link communication signal, designated 24a, is
transmitted through the antenna 26 to the communications
satellite 20 at the preselected uplink carrier frequency.
The communication signal 24a is received by the repeater
satellite 20 where it may be translated to a second
frequency for the downlink transmission 24b. Those skilled
in the art of communications understand the apparatus needed
to perform this reception and conversion function which are
known in the art. Using different frequencies for the uplink
and downlink communication signals reduces interference. .

Current satellites typically support a number of
independent communication channels with about 48 Mhz of
bandwidth. These satellites use polarization isolation to
obtain frequency reuse, with one set of channels operating
at one polarization (horizontal or vertical) and another set
operating at the same frequency with an offset of 1/2
channel and operating with a 90° polarization shift. This
90° polarization shift is normally applied between forward
link and return link communications for one communication
channel with one transpondér used for the uplink and one for
the downlink. :

The transmitted forward downlink signal 24b is received
by a mobile transceiver 70 (Fig. 4) through a small,
generally directional antenna 30. The antenna 30 is
constructed to have about 15 dB of - gain and to be
directional within a 40-50° elevation beamwidth and 6-10"
azimuthal or orbital arc beamwidth. The antenna 30 is
mounted so that it is capable of being continuously rotated
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cent.duty cycle to allow for continued antenna tracking and efrd
‘correction based on received dowlink sig- nals. If at any tyne
downlink signal is lost then trans- mission also term nates t
unacceptable in- terference is not generated. If the signal is |0
previously stated, any partial nessagel%3s deleted from nenory and no
present for display. However, another key criteriais that if there is n
downlink then the transceiver uses this information
over a 360 degree arc and has an unobstructed filed of view
for the satellite 20. The antenna is connected to an
antenna pointing and tracking control system 74 (Fig. 4) for
tracking the satellite 20 as the vehicle 12 changes position
relative to the satellite. An exemplary antenna rotation
mechanism is found in co-pending U. S. Patent Application
SN. , , and an exemplary method of satellite tracking
is disclosed in co-pending U. S. Patent Application SN.

' both of which are assigned to the assignee of the

present invention.

Messages, or message data, are transferred into the Hub
14, or control station 18, where they are converted into
digital message signals which at a rate on the order of
5,000 bits per second. Those skilled in the art will
readily understand that the teachings of the present
invention apply to higher, or lower, data transfer rates
when circuitry operating at the appropriate speed is
employed. Messages'can be received directly as digital data
at various bit rates and accumulated or stored for
translation to the desired system transfer rate.
Alternately, messages are received as audio message signals
that are keyed in by system operators to form the desired
message signals. In addition, some message information is
generéted internally or directly by the network management
center 18 for communicating system type data, such as time,
terminal assignments, rates, etc.

Each message signal can be subjected to a wvariety of
coding, encryption, or error detection and correction
schemes prior to transmission. Where desired, individual
terminals can employ unique codes or ciphers to provide
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to recogni ze that there is no uplink. Actually an uplink may be possible
‘and the error could be in the receiver only. However, the system assunes
that without a downlink the uplink information is either i ng received
or is no longer needed. In any case, the trans- mtter fu
termnated if the receiver link is termfid—nated for any re
provides a very good safety feature for commer- cial applicati
transceiver 70. If the reception were to be interrupted for any r
i ncl uding a per- '
secure message delivery capabilities. However, to reduce

transmission errors and provide for error correction for all

messages transmitted by the communication system 10, at
_least two encoding steps are implemented for all digital

messages or message data.

One step comprises applying a system 10 checksum
algorithm to the digital message data. In the preferred
embodiment, the checksum algorithm employs on the order of
30 bits of information to indicate the values resulting from
checksum computations which are used to detect transfer
errors. An exemplary checksum formula for use in the
communication system 10 is the computation of the
polynomial: x3° + X29+ X + x2+ X + 1. When calculating this
checksum the address field (see below) of a message is
ignored so that channel addresses do not alter checksum

values.

- A second step comprises encoding all data, message,
instructions, or addresses, using a Golay [24,12] block code
to encode every 12 bit block of information, including
checksum, type and recipient information, into 24 Dbinary
symbols for transmission. These 24 bits are then
transferred at the desired-system transfer rate. Using the
Golay ([24,12] block coding scheme means that 5,000 bits of
message data forms a 10,000 bit encoded symbol stream for
transmission. Therefore, the system 10 transmission signal
rate is about 10,000 binary symbols or bits per second to
accommodate the 5,000 bit per second input data rate. on
the reception end, the code symbols or blocks are decoded to
regenerate the 12 bit blocks of information. As known in

the art, the operation of a Golay [24,12] or similar code
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son interfering with reception by stepping in front of or otherw se
-traversing the antenna path, then within a -28- fraction gf a second al
transm ssions fromthe antenna are termnated. Therefore, ng rgp

damage of any significance nor hazardg___exposure can ever ¢ ‘
transcei ver of the present invention making it ideal

acts to minimize transmission error by decreasing the impact
of single bit errors on a data stream through spreading the
data out over multi-bit patterns. Each bit error affects
only a fraction of a bit in the message which is effectively
compensated for by the error correction schemes used until
very high error rates occur.

The encoded message symbols are used to modulate a
frequency dgenerator or source such as a Direct Digital
Synthesizer which creates an FM modulated carrier, at a
preselected frequency which is up-converted to the desired
EHF band for transmission to the satellite 20. The encoded
symbols can be used to drive a BPSK modulator which is
coupled to the carrier wave socurce for the communication
system 10.

In the preferred embodiment, each symbol is shifted in
phase from the previous symbol, either -90° to indicate a 0
or +90° to specify a i. This is referred to as Differential
Advance Retard Keying and improves acquisition by the
terminal because every symbol contains a phase transition.

To decrease interferencg and accommodate a large number
of terminals-at potentially different burst rates, a Time
Division Multiplexed (TDM) transmission scheme is used. The

.TDM approach divides the total transmitted (or received)
spectrum into temporal increments or frames of predetermined
length. Messages or message signals transmitted in or by
the communications system 10 are allocated portions of this
time controlled segquence known as channels, and no other:
signal uses the system at exactly the same time. The
allocated portions or channels are very small, temporally,
and their interleaving across successive frames very large
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for broad distribution in a conmmercial (nobile) conmu- "nication system The
transceiver 70 is normally configured to be in a receive nodg werein it

nonitors an assuned satellite position or general horizon | gt
signal for incom ng comunications signpls. This initial signs
occupies the full duty cycle of the trans- ceiver. Once a signa

detected, tracked, and acquired, the transceiver operates on the 50
duty cycle. Each half cycle is a very short period of tine on the

so that communication appears simultaneous to all
terminals. Methods and apparatus for generating,
transmitting, and controlling TDM signals are well known in
\the communication art and can be accompliéhed using a
variety of signal multiplexing and control devices.

Each frame consists of a number of channels which
represent substantially identical, sub-frame length periods
during which symbols are transferred. This means that
messages or message signals are transferred a few bits at a
time during each successive frame until the message is
completed. The preferred embodiment divides each frame
into 25 sub-frames or channels. However, those skilled in
the art will readily understand that the number of channels
depends on the transmitting speed of the communication
system 10, number of users to be accommodated, and frequency
hopping schemes as described below.

. In using the TDM approach, information is generally
sent over the communication signals 24a, 24b in discrete
packets. The communication system can accommodate packets
of differing 1lengths between 4 to 256 characters each,
depending on the type, burst rate, or size of messages being
transferred. In addition, the messages, preformatted or
free-form, are generally 1limited to 2000 characters in
length to facilitate transfer speed and high message
capacity.

Each packet is generally segmented into fields of
information such as the type of message, typically a 6 bit
entry to 'distinguish between possible alternative system
formats, the 1length of the message, to allow proper
tracking, the body of the message, and the checksum bits.
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order of 15 mlliseconds. After signal acquisition, thé transceiver 70

'synchro- nizes with the forward Iink FH pattern and rate and syk{ches to
the correct channel frequency for receiving either channel ad
nmessage Then, every 15 milliseconds the transceiver 70 switch
return link FH rate and pattern for a=g&iod of about 15 nilli-
However, the transceiver does not transmt until or unless requeste
so by the Hub 14 or managenent center 18. This assures that the Hub is

There is also an address field of 24 bits associated with
each message'as discussed further below. Those skilled in
the art will readily understand that some "zero packing”
will be - used from time to time to assure a uniform frameé
size regardless of overlapping message lengths, varying
packet sizes and transmission rates, or empty channels.
However, unused channels generally will have random data
transmitted to improve tracking and acquisition of channels
by transceivers.

To assure that each transceiver is tracking and
demodulating a designated channel, a series of codes or code
masks can be used with the data to detect tracking errors.
That is, short bit patterns can be added to the data
transferred by each channel to allow automatic
differentiation from data in adjacent channels. Once a
transceiver commences demodulating one channel it records
the code mask for that channel. The mask is used to decode
or demodulate all data received until the end of the
message. If the transceiver erroneously uses data from
adjacent channels, the code mask will prevent incorporation
into the message. ‘

'In order to further reduce interference by increasing
isolation and, thereby, increase the system 10 message
capacity, Frequency Hopping (FH) of the carrier freguency
can be used. An FH technique spreads the power density of
the signal 24 over the entire transponder 48 MHz bandwidth,
reducing downlink power density which minimizes interference
with other communication services and provides processing
gain which the transceivers use in rejecting the
interference of other services. The basic technigues of FH-
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prepared to receive the message and that there are no higher priority tasks
in progress, including receipt of high priority energency nessages or
alternate system 10 operating data. Also, polling controls the/mynber and
frequency of receivers to regulate interference at all tines.
transceiver 70 then returns to the recggue node and continues
and decode messages, if any, and so forth. This alteration betwees
receive on a peri-

TDM transmissions are known in the communication art and
also provide a vehicle for spreading a signal out over a
given bandwidth so that transmission errors caused by
_frequency selective fading or other aberrations only affect
a small portion of the signal. At the same time, frequency
hopping according to a unigue pattern allows some degree of
security for some system 10 users. '

In the preferred embodiment, the forward link FH scheme
comprises dividing the appropriate forward link (downlink)
transponder bandwidth (11.7 - 12.2 Ghz) into 240 frequencies
located approximately 2.5 MHz apart. The hopping rate for
the frequencies of interest is on the order of 200
frequencies per second covering the 240 discrete hopping
frequencies before recycling. This means that the dwell time
for each frequency is about 5 milliseconds. If each TDM
frame is transmitted at a new frequency then each frame is
about 5 milliseconds long and the size of each channel is
roughly 0.20 milliseconds in length.

The frequency hop pattern can comprise a simple linear
progression  from high to low or vice versa, but a more
complex pattern based on a pseudo-randonmly genefated
frequency selection sequenbe-is prefefred. However, those
skilled in the art will also recognize that a TDM signal
without frequency hopping will benefit greatly from the
method and apparatus of the present invention.

Returning to the desired transmission rate of 10,000
symbols per second or 1 symbol every 0.10 millisecond, it is
seen that each frame period allows 2 symbols to be
transmitted per channel. This would imply a transmission
rate of forty-eight (48) code symbols every frame. However,

R:..’:‘ ," fﬁ,
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odi ¢ and short termbasis provides the transceiver 70 with semeral
- operational advantages. First, the transceiver nonitors the
characteristics of received signals every 15 mlliseconds
detects substantial changes. The hub and nobil e transceiver
enough in térns of fre-

_20..

to improve reception, the prefefred embodiment uses a fifty
(50) symbol transmission rate for each frame with the first
symbol period employed for settling time to assure that the
transceiver has locked onto, and the transmitter is
accurately within, the selected frequency and not offset due
to the changing characteristics of the frequency source.

The second symbol is used as a phase reference for the
third symbol in the stream of fifty symbols, with the thirad
symbol being the first message symbol. Each successive
symbol is used as a phase reference for <the next. This
relies on a differentially coherent demodulation scheme as
opposed to an absolute phase reference since absolute
reference approaches are more complicated and extremely
difficult to achieve in a mobile communication system.

The code blocks or symbols are divided into alternating
groups or sequences. That is, every other code block is
selected and placed in one 24 symbol group for transmission.
This separates every other code symbol from its adjacent
symbol which spreads code symbols that are .close together ‘in
code to be-far apart in time. This interleaves the ‘code
blocks to provide a means of minimizing signal - errors
generated as a burst of errors in a sequence by spreading
the message signal over a wide signal bandwidth.

. The FH-TDM type communication signal 24a is transmitted
by the Hub 14 through the repeater satellite 20 (where it
becomes signal 24b) to all of the terminals within a given
geographical zone or region serviced by the satellite. This
zone can be as large as an entire country, or as narrow as a.
small state depending on the application. However,
regardless of the zone covered by the sétellite, each
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quency to allow the transceiver to acquire and track the forward |ink
. signal. The transceiver will search +/-18 KHz about the nonin specified
frequency. There are several possible sources of error. The hybz
satellite 20, nmanagenent center 18, and transceiver 70 all h '
reference oscillators for establlsmluj%#?wmn155|on frequenci es
Each of these refer- ences can drift and cause frequency errors.
orbital relay satellites can cause snall frequency errors during
transl ation of the comuni cation signals between up

terminal in that zone normally would have to detect,

monitor, and demodulate the signal 24b in order to receive
messages. If the messages are simply applied across all of
.the channels, then each transceiver has to continuously
track, demodulate, and decode the entire wide bandwidth
signal to assure reception of a relevant message. This
would be required because every message header or lead-in in
every channel would have to be scanned by each transceiver
to verify which terminal is éesignated to receive the
message. For large numbers of users this requires very
high speed, complex, demodulation Circuitry to accomplish.
Since speed and complexity increase system cost and decrease
reliability, this is undesirable.

In the present invention, terminal selection - is
accomplished using a new terminal or transceiver addressing
technique for TDM communication signals which comprises a
two part addressing scheme. This technique is explained in
greater detail in copending U. S. Patent Application SN.
r(____ also assigned to the assignee of <the present

invention. .

In this technique, each terminal is assigned a unique
system address which is known to all Hub 14 transmitters or
system management centers 18 used by the communication
system 10. The terminal address establishes an individual
identity for each terminal in the system. This address is
generally set at the time of terminal manufacture or
installation and can be made unalterable by a transceiver
user or made dynamically changeable by the system 10
depending upon the system requirements or costs. In the
preferred embodiment, the transceiver addresses are

This Sheet Has Been Replaced

BT T




and down link frequencies. The transceiver 70 referencé oscilla
'drift and is subject to tenperature change induced vari ations.
comuni cation system 10 the Hub enpl oys a Forward Link Processo
whi ch adjusts transm s- sion frequemgfgito correct for sone of th
possible errors |isted above. First, however, the error in the Hub
reference oscillator is assunmed to be too small to nea- sure. This is
generally justified due to the fixed nature of the Hub facility and the

heavily controlled environnent ~ . .
designated or determined by a 19 bit address term making

approximately 524,288 (219) terminal addresses available
which allows a very large number of users for the message
communication system 10.

In addition to the "individual" address, terminals can
also respond to specialized "system" addresses such as a
"group" address (if applicable), an "all-call" address, or
other "conditional" addresses. By providing these alternate
addresses to which a terminal, can respond, it is possible
to very efficiently transfer single messages to an entire
system or a group of terminals without sending the same
message to every designated transceiver over a longer
transmission period. This also provides for the
transmission of system type information such as time of day,
service changes, etc., to all terminals on a periodic basis,
by interleaving these types of messages into otherwise
unused channel capacity. '

With terminal addresses defined, the communication
channels in the FH-TDM communication signals 24 and 28 are
divided into an address portion of A channels and a data or
message portion of D=N-A channels. In the preferred
embodiment A is 4 and D is 21. However, other values for
the total number of channels and address channels can be
used depending upon specific system requirements.

The A address channels are used to transmit address
information and designations for those terminals whose
messages are being transmitted by the Hub 14. The D data
channels are used to transmit the messages for the
designated terminals. The transmission of each message

address precedes the transmission of that message by a

REPLAGEMEN'

b
L
.
-l
g
[1¥]
~t

This Sheet Has Been R

A




and periodi c nmai ntenance such a facility undergoes. Satellite translation
‘error is neasured and corrected by using a reference receiver 3

and using a testing or control pattern of information between
the reference receiver through the satgj{ite. The FLP sends coOm
satellite to adjust the translation frequencies to natch what the
trans- mts. Any residual error, say fromthe control signals,
assunmed to be too mnimal to have an inpact on conmuni cation quality.

predetermined period of time to allow a terminal to adjust
its tracking circuitry and synchronize with the appropriate
channel before the arrival of the message.

u The address channels are typically designated as system
channels 1, 2, 3, ... etc. However, these channels can be
separated by data channels where channel tracking either
permits or desires this spacing for transceiver
demodulation. In addition, the number of channels can be
dynamically adjusted by the system 10 to accommodate several
problem situations. = One problem arises when there are a
great number of messages, saturating the address channels
but the messages are short, thus leaving excess data channel
capacity. In this situation, a data channel could be
reassigned to be an address channel. The opposite problem
occurs when there are an average number of messages but they
are all maximum 1length. The system 10 may find it
advantageous to use one of the address channels for data to
decrease the number of messages being backlogged.

This addressing scheme means that address information
only needs to be demodulated at a fraction of the
communication signal rate allowing each transceiver to
monitor the communication signal 28 at this lower rate until
it detects its address. When a terminal detects its
address, accompanied by a channel assignment, the
transceiver switches to the appropriate channel and begins
demodulating and receiving the message. Therefore, it will
be apparent to those skilled in the art that transceivers
are not demodulating nor decoding the entire, or even a
majority of the communication signals 28 transmitted by the
communication system 10. This allows a less complex and
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accordi ng
I stics

The transceiver oscillator drift is corrected by the transceiys
'to a long termsoftware programthat assunmes certain drift clHarz
for the trans- ceiver oscillator. Therefore, tenperature dri®{ i
| argest reference error and it is corr i;ed by conpari- son to
references using the comruni cation sigﬁ

| s.

slower speed reception circuit wﬁich reduces power and cost
while increasing reliability and ease of construction.
Where desired, each transceiver can be assigned a specific
address channel to monitor, dynamically or fixed, which
further reduces processing to a 1/N rate for both addressing
and message demodulation. _

Reception and decoding of communication signals is
illustrated in further detail in Figure 2. In Figure 2, an
incoming communication signal comprising interleaved code
symbols S50 is received by each transceiver on a series of
signal channels 52 which are frequency hopped in a sequence
of hops 54. The messages are received on the data channels
56 while address information is received on the address
channels 58.

The digital code symbols comprise the code block
symbols described above and are received at a rate of two
symbols per channel per frequency hop. There are two extra
symbols received during each hop with the first disregarded
or lost due to settling of the transceiver and the second
being used to obtain the phase regquired to track the third
symbol. Therefore, there are forty-eight information
stbéls per frame in each hop and 48 symbols received for
eaéh channel after 24 hops.

After 48 symbols are accumulated they are sorted into a
first and second series of symbols shown in Figure 3 as "aA"
symbols and "B" symbols with each group having 24 symbols.
Both message and address code symbols are sorted into 24
stbol code blocks 60 using a sorting step and apparatus.
This process removes the interleaving previously impressed
on the code symbols as they were transmitted. As can be
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-30.- Wth the reference sources adjusted, the transceiver as pes initial
-frequency variations in signals are due to initial frequency t? ng and
synchroni zation msalign- ment. However, once a signal is a
recei ver assunes that all variations are due to receiver positi
relative to the relay satellite or sim4#fL non-internal frequency
Therefore, the receiver assunes that antenna pointing and tracking mu
adj ust ed when the overall power |evel of a signal decreases (as

readily understood by those skilled in the art, those
symbols that were close in code are transmitted far apart in
time which provides isolation from errors as previously
discussed. . '
‘ Every block of 24 symbols, "A" or "B" is decoded into
successive 12 bit blocks 62 using a Golay. [24,12] decoder.
The Golay [24,12] decoding step yields 12 bit blocks of
- transmitted data. This data will be generated or received
at about ‘5,000 bits per second-as originally transmitted
(before encoding). The 12 bit blocks of information now
comprise a series of address assignments or messages
depending on which channel they were received on.

The output of the address channels 56 comprises 24 bit
‘length information sequences 64 which use 19 bits to specify
a transceiver address within the communication system 10 and
5 bits to indicate a channel selection for receiving a
message directed to that transceiver. Each nmessage has an
address 24 bit segment associated with it which is
segregated from the message and transferred over the address
channels to flag an appropriate transceiver. .

The output of the message or data channels 58 comprises
a series of successive 12 bit blocks 68 which comprise a
header that indicates the type of message, including its
length, a main body of the message and a series of checksum
bits for error detection. The 1length of the incoming
message is important so that the transceiver can properly
track the entire message or provide an indication of error
if the entire message is not received.

As previously discussed, it is clearly understood that
address information for a transceiver is sent before the
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when & corner is turned) and that variations in fre- quency trackjng are
caused by Doppler effects which nmust be countered. That is, varidthgns_in
received fre- quency are assuned to be caused by changi ng charack
-teristics of the comunication |ink i#gglf and not the error sour
di scussed above, which have been cor- Tected. This means that errors
tracking frequency are attributed to Doppler shifts fromvehicle travel
the frequency of both the receive and transmt functions of the transceiver

are adjusted to accommadate this shift. :
message is transmitted on a data channel. The amount of

"jead time" for transmitting address information depends on

the channel switching speed of the transceivers as would be
known by ~those skilled in the art. The address must be
provided prior to the message by a time period equal to this
switching time plus some settling time for the transceiver
to properly and accurately track the designated channel.

An exemplary transceiver for receiving the
communication signals and providing a message output is
illustrated in schematic form in Figure 3. In Figure 3, a
transceiver 70 is shown for receiving and demodulating
communication signals from the Hub 14 and satellite 20.
The transceiver 70 is connected to the antenna 30 through a
diplexer 32 for receiving the satellite downlink signal
24b which is transferred into a demodulator 72 for
demodulation into an encoded symbol stream (digital
message) .

The demodulator 72 employs elements known in the art
for down-converting the received communication signal 28 to
a lower IF frequency level and then symbol frequency level
(10K symbol bits per second). A local oscillator and other
reference signal sources would be provided for mixing with
the communication signal 24b along with one or more bandpass
fiiters. Once the signal 24b is demodulated and decoded it
is transferred to memory storage for accumulation of a
message and other processing steps. The demodulator 72
transfer rate is synchronized with the modulator used in the
Hub 14 or the satellite 20.

Synchronization for the transceiver 70 is accomplished
by tracking and synchronizing with the frequency hopping

2ot gy
T s, .
r3r g,

REP&AEEM&%T 3

This Sheet Has Been Replaced

AW




Since the signal is constantly nonitored on a short term basis, 8. pr esent
I nvention provides inproved tracking and Doppl er conpensation. A OEEEF\
advant age of the alternating hal f-duplex technique is that the t
does not need a full conplinment of cirupyLy to handle both functiond
I's, several circuit elenents can be shared between the two functions si
they ‘are separated in tinme. Elenents such as the antenna, antenna and
related circuit feed cables, certain bandpass filters, and the transceiver

| ocal

pattern of the communication signals. Once a transceiver
has synchronized with the frequency hopping of the TDM
signal frames then the internal frame timing is
.automatically detected as well.

The mobile transceiver or terminal 70 incorporates a
low cost microprocessor or similar controller 74 for
implementing signal processing, acquisition,' and
demodulation functions. A low noise amplifier 76 and the
conventional down-conversion chain of the demodulator 72,
provide a signal to the microprocessor for signal
acquisition, tracking and demodulation. Information from
the demodulator 72 or the microprocessor 74 is provided to
an antenna tracking and pointing controller 78. .

The antenna 30 is generally swept through a series of
360" arcs by the controller 78, until a signal is detected
from the satellite 20, in the receiver's frequency range,
above a predetermined threshold. At this juncture one or
more tracking and signal processing algorithms are used to
determine the direction of highest signal strength and the
antenna tracks that direction relative to receiver or
vehicle 12 position or movement. ,

Many of the individual functions performed by or under
control of the microprocessor 72 are illustrated as separate
elements in Figure 4 for purposes of clarity. However,
those skilled in the art will readily appreciate that the
functions surrounded by the dashed line 75 can be performed
in a single miniaturized circuit by an integrated circuit
micropfocessor and related support chips. This allows
implementation in a high reliability, low cost, low power

consumption circuit or using VSLI technology.
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oscillators, can be shared between the transmt and receive functions if
‘configured appropriately. In the present invention the transm t.and receive
frequencies are chosen to be within the preferred Ku or 11.5 tor“
bandw dt h as di scl osed above. How ever, to achieve these extfa MYy
frequenci es, one or nore up-conversioﬁzétages or IF m xing stages
quired in the transceiver 70 circuitry. It has been found that a sef
desirabl e uplink and downlink or for- ward and return |ink frequencie
wi thin the specified

A receiver address storage element 82 is connected to

the demodulator 72 for storing the address assigned to the
receiver 70 and used to determine the presence of a message
from the satellite 20 or Hub 14. The address storage
element 82 typically comprises a small ROM or similar memory
device connected to the microprocessor 74, The address can
be hardwired into the microprocessor structure itself such.
as in the case of scratch memory, or internal RAM although
this may not be convenient or cost effective in many
applications. In addition, the use of a separate memory
element allows alteration by service personnel at a future
time where needed.

It is also possible to store the receiver address on a
portable storage element such as a magnetic strip or
cartridge which can be read by a card reader (not shown)
connected to the microprocessor 74. This would allow
individual communications system 10 users to move between
receivers which are permanently installed. in a variety of
vehicles and automatically receive messages without
informing a central dispatcher of a new receiver location.

Once a receiver address matching that stored in the
address storage 82 is detected, the channel designated by
the corresponding address information is also received and

- registered by the receiver 70. The receiver 70
automatically switches to synchronize reception on that
channel and begins demodulating a message signal.

If the antenna fails to track the.communication signal
28 at any time during the reception of a message, or “any
type ‘of signal failure or blockage occurs, one or more
errors will be detected in signal demodulation and no
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bandw dt h and frequency hop schene can be chosen so that they are separated
by a very narrow margin in the intermediate | F stages and a co t unabl e
| ocal -31 - oscillator can be enployed for both the transmt aﬁ§ gcei ve
function. The result is that fewer congggents are required

message will be displayed. Such errors would could include
premature termination of the message before the length,
time, specified in the message header or the failure of the

_ checksum verification process.

' The demodulated communication signal is transferred to
a decoder 80 where Golay decoding occurs. At the same time,
a pseudo-random code source or other related code storage
element 84 provides any necessary code sequences required to
further decode a received message.

The decoded message bits may be temporarily stored in a
memory element 86 before visually being displayed by a
display element 88. An exemplary display element comprises
a two to four row, twenty to eighty character wide display
unit capable of running from relatively low current. The
individual segments of the display can comprise LED, LCD,
electroluminescent, or discharge element type character
displays. Consideration must be given to the brightness
generally required.in a vehicle environment to prevent undue
distraction of a drivers attention.

The display unit 88 should be as compact and
lightweight "as possible so that it can be mounted in an
easily viewed location. . In addition, the display can
incorporate a message ready indicator or message error
indicator so that the receiver users knows that a message
was sent.

Alﬁernatively, the message can be interfaced to other
-processing elements, such as a portable computer, through an
interface device or connector 92 or printed out by a hard

copy device 90, such as a small thermal printer.
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whi ch reduces cost, increases speed and reliability (swtching speed) and
‘very inportantly, decreases power consunption and size of the transceiver.
A. schematic diagramof a transceiver 70 anal og nodul ati on/ denodul ati on
section 100 operating ac- cording to the principles of the present
invention is illustrated in FIG 4. FdO0FIG 4, a nodulator/d
100 i s shown having a Fine frequency syntheS|zer 102 and a Coars
synt hesi zer 104. The coarse frequency synthesizer or Local Oscill at

Wwhat has been described to this point is the forward
link which provides the advantage of delivering messages to
a large number of users in almost any location, metropolitan
or rural, throughout the country with high reliability and
relatively low cost.

However, the communication system 10 offers the added
advantage of a return communication link so that short
responses can be made to received messages where desired.

For the return link each transceiver or mobile terminal
uses a low power signal on the order of 1 Watt and an
antenna gain of about 19 dBi for a transmit power of 19dBW.
The return link is transmitted at a higher frequency than
the forward link to decrease interference. The frequency
chosen is in the typical satellite Ku band transponder range
between 14-14.5 GHz. However, as before other frequencies
can be employed for this return link.

The return 1link communications signal 28 uses a FH
waveform similar to the forward link but takes advantage of
typically slower data transfer rates occurring from a mobile
communications terminal. That is, return messages or data
are not going to be entered into a local terminal at high
speeds where a terminal operator is manually responding to a
message. Where acknowledge and other prestored signals are
used they are adjusted to a slower bit rate to comport with
the slower manual entry mode.

Since data is typically provided on the return link at
slower rates on the order.of,100—140 bps maximum, and more
typically 22-48 bps, the FH rate needs to be decreased on
the return link in order to allow sufficient dwell time for
each channel to transmit the data. To transfer Golay
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(L.0.) 104 represents a source of high to extra high frequencysignals
»which is generally tunable over a broad range of interest in
the order of 2-5 MHz each. An exenplary coarse oscillator fo
present invention is a Phase Locked Loop (PLL) type oscillator
out put signals at frequencies on the or3dder of 652-1175 MHz.
MHz. (652.5, 655, 657.5, .. 4 ) The fine frequency synthesizer or

oscillator 102 pro- vides a finely tunable source of frequency with very

{24,12] encoded data this becomes 280 symbols per second.
Therefore, the forward link rate of 200 frequencies per
second should be reduced to about 60 frequencies per second.
. Messages being input to the transceiver 70 are
subjected to a rate 1/3, k=92 forward error encoding
convolutional code. _

The small, portable and directable antenna 30 typically
has a beamwidth on the order of 6-10" , which is wide enough
to encounter more than one satellite. Therefore, steps are
taken to provide a return link waveform that does not
interfere with existing services on adjacent satellites.

A direct sequence spread spectrum coding function is
applied to the return transmission to spread the signal out
over the transponder bandwidth and make the communication
signal 28 appear as relative noise to adjacent services,
For this application a short direct sequence pseudo-random
code is used. This code is typically applied to a direct
digital synthesizer or similar modulated frequency driver.

In the alternative, or in addition, either the forward
or return 1link communication signals are modified by
modulation with a special modulation waveform that dlsgulses
the signal to other services.

All satellite communication services currently
configured to detect and prevent interference by standard
video data or signals since a majority of satellite usage is
for television and video type broadcast transfers.
Therefore, all satellite services, video or otherwise, must
be able to detect and isolate video signals which are
transmitted employing a triangular wave form of modulation.
In the present invention, this general waveforn is nmimiced
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| ow noise and is turnable over a smaller frequency range and or in snaller
. discrete steps. The fine frequency synthesizer 102 can conprise one of

several frequency sources that provide a high accuracy, hig §==olut|on
output in the frequency range between 5 to 20 Mz with direft dSg,1s
synt hesi zers being preferred. An exenpl3@y circuit for an adws N
synt hesi zer useful in the present invention is disclosed in U S
application Ser. No. 07/145,789 filed Jan. 19, 1988 now U.S. Pat.
4,905, 177, issued Feb. 27, 1990, and as-

so that other systems perceive communication signals 24 or

28 as video signals which are ignored. This is accomplished
by modulating the RF carrier center frequency for the Hubs
14 or transceivers 70 with a triangular waveform having a 2
MHz peak to peak amplitude and a period of 30.24
milliseconds. This causes a triangle wave power dispersal
so that the forward 1link has the same interference
characteristics as a single video carrier saturating the
transponder so that no unacceptable interference is
generated for satellites adjacent to or within 2° from the
satellite 20. The triangular modulation can be implemented
by altering the characteristics of a DDS output which will

accurately track a triangle wave and yet transfer more
information than a true video signal. To facilitate
frequency coordination, the center fregquency is fully
synthesized at the Hub and mobile terminals and can be
placed anywhere within the transponder, after informing the
transceivers of the new center frequency.

Wwhile interference by the transceiver 70 with other
services has been discussed, this is not the only
restriction on optimum operation. The transceivers 70 "must
also be able to quickly and reliably acgquire the Hub 14 or
satellite 20 transmissions and continue to track them while
moving. In addition to interference from other systems, the
transceivers 70 face interference and loss of signal due to
a variety of inherent impediments for mobile communications,

'.including doppler effects, frequency fading, etc.

The present invention counters many of these problems
by assuming that there may be significant changes in the
transmission capability of the communication system 10 on a

» o,
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4 a single

signed to the sane assignee as the present application. In Fl
‘reference frequency source 106 is shown for use wth the PLL
synt hesi zer 104, the fine synthesizer 102, other elenents in thgm
nodul at or/ denodul at or 100 and ot her oscillator and processing
the transceiver 70. This provides a sys3zm w de, synchroni zed refée
cl ock source which inproves signal to noise ratio and allows sinpli-
system wi de synchroni zation with other system where desired. An exenplary
reference source 106

very short time scale, interpreting any change to altered
environmental conditions, and adjusting for such changes.

Each transceiver 10 monitors the quality of or results of

. communication with the Hub 14 and periodically adjusts
operational parameters to maintain or improve communication
links accordingly.

This is implemented in the present invention by
operating all transceivers in an alternating half-duplex
transmission/receive scheme. Transceivers are operated in a
half-duplex mode with transmissions done at a 50 peréent
duty cycle to allow for continued antenna tracking and error
correction based on received downlink signals.

If at any time the downlink signal is 1lost then
transmission also terminates to assure that unacceptable
interference is not generated.

_ If the signal 1is lost, as previosuly stated, any
partial message is deleted from memory and not present for
display. However, another key criteria is that if there is
no downlink then the transceiver uses this information to
recognize that there is no uplink. Actually an uplink may
be possible and the error could be in the receiver bnly.
However, the system assumes that without a downlink the
uplink information is either not being received or is no
longer needed. In any case, the transmitter function is
terminated if +the receiver link is terminated for any
reason.

This provides a very good safety feature for commercial
applications of the transceiver 70. If the reception were
to be interrupted for any reason, including a person
interfering with reception by stepping in front of or
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provi des a reference signal at 10 MHz froma highly stable reference source
'such as a rubidi um st andard. - 32 - Communi cation signals regeived from
the hub 14 are received on the antenna 30 and transferred thr
up/ down converter 108 and through a bagpg_pass filter 110 to
splitter 112. The power splitter 112

otherwise <traversing the anténna path, then within a
fraction of a second all transmissions from the antenna
are terminated. Therefore, no radiation damage of any
significance nor hazardous exposure can ever occur for the
transceiver of the present invention making it ideal for
broad distribution in a commercial (mobile) communication
system. ;

The transceiver 70 is normally configured to be in a
receive mode wherein it monitors an assumed satellite
position or general horizon looking for a signal for
incoming communications signals. This initial signal
acquisition occupies the full duty cycle of the transceiver.
Once a signal is detected, tracked, and acquired, the
transceiver operates on the 50 percent duty cycle. Each
half cycle is a very short period of time on the order of 15
milliseconds.

After signal acquisition, the transceiver 70
synchronizes with the forward link FH pattern and rate and
switches to the correct channel frequency for receiving
either channel address or a message. Then, every 15
milliseconds the transceiver 70 switches to the return 1ink
FH rate and pattern and for 15 milliseconds. However, the

. transceiver does not. transmit until or unless requested to
do so by the Hub 14 or communications management center 18.
This assures that the Hub is prepared to receive the message
and that there are no higher priority tasks in progress,
including receipt of high priority emergency messages or
alternate system 10 operating data. Also, polling controls
the number and frequency of receivers to regulate

interference at all times.

(\l’"\
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exhibits a 3 db separation and is used to redirect re- ‘ceived nal s al.ong
a different internal processing path fromthe transmt si gnal s
themto a denod- ulation portion of the transceiver 70. Inco
recei ved communi cation signals 24[err].gye first mxed with the
t he coarse synthesizer 104 to down convert themto a lower IF frequ
the range of 250[err] 7 MHz. This is acconplished using a signal m xer
whi ch uses the conmuni cation signal as one input and the output of the

coarse synthesizer 104
The transceiver 70 then returns to the receive mode and

continues to demodulate and decode the message, if any, so
"forth.

) This alteration between send and receive on a periodic
‘and short term basis provides the transceiver 70 with
several operational advantages.

First, the transceiver monitors the power level .and
characteristics of received signals every 15 milliseconds
and detects substantial changes. The hub and mobile
transceiver must agree well enough in terms of frequency to
allow the transceiver to acquire and track the forward link
signal. The transceiver will search +/- 18KHz about the
nominal specified frequency |

There are several possible sources of error. The hub
14, satellite 20, management center 18, and transceiver 70
all have internal reference oscillators for establishing
transmission frequencies employed. Each of these
references can drift and cause frequency errors. The
satellite cause small frequency errors during translation
of the communicaiton signals between up and down 1link
frequencies.” The transceiver 70 reference oscillator may
drift and is subject to temperature change induced
variations. _

In the communication system 10 the Hub employs a
Forward Link Processor (FLP) which adjusts transmission
frequencies to correct for some of ° the possible errors
listed above. First, however, the error in the Hub
reference oscillator is assumed to be too small to measure.
This is generally justified due to the fixed nature of the
Hub facility and the heavily controlled environment and
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as a second input. The output of the mxer 114 is filtered a band pass
, filter 116 to renove unwanted frequency conponents added to/t

down- converted comruni ca- tion signal by the m xer 114. Th
band pass filter 116 is transferred tg a second m xer 118 whi
out put of the fine synthesizer 102 as e I nput. The m xing of t
signals provides a final IF frequency signal in the 20[err]20 MHz ra

The output of the mxer 118 is transferred through a

periodic maintenance such a facility undergoes.

satellite translation error is measured and corrected
by using a reference receiver at the Hub and using a testing
or control pattern of information between the Hub and the
reference receiver through the satellite. The FLP sends
commonads to the satellite to adjust the translation
frequencies to match what the Hub transmits. Any residual
error, say from the control signals, is also assumed to be
too minimaal to have an impact on communication quality.

The transceiver oscillator drift is corrected by the
transceiGer according to a long term software program that
assumes certain drift characteristics for the transceiver
oscillator. Therefore, temperature drift is the 1largest
reference error and it is corrected by comparison to the
other references using the communication signals.

Wwith the reference sources adjusted, the transceiver
assumes initial frequency variations in singals are due to
initial freguency tracking and synchronization mis-
alignment. However, once a signal is acquired the receiver
assumes that all variations are due to receiver positioning
relative to - the relay satellite or similar non-internal
frequency problems. Therefore, the receiver assumes that
‘antenna pointing and tracking must be adjusted when ' the
overall power level of a signal decreases (as when a corner
is turned) and that variations in frequency tracking are
caused by doppler effects which must be ‘countered. That is,
variations in received frequency are assumed to be caused by
changing characteristics of the communication 1link itself
and not the error sources discussed above, which have been
corrected. This means that errors in tracking frequency are

A5
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crystal filter 120 to the m croprocessor 74 and subse- "quently decoded and
-di spl ayed as a nessage for the transceiver 70. Wen a transc 70 user
has i nput a nessage through the display unit 88 or simlar

i's encoded and transferred into the nodul at or/ denodul a- tor
nmodul ati ng the input of the fine synthesizer 102. This is easily
acconplished using direct digital synthesizer technol ogy as understo
those skilled in the art. The output of the fine synthesizer 102 is appl

attributed to Doppler shifts from vehicle travel and 'the
frequency of both the receive and transmit functions of the
transceiver are adjusted to accommodate this shift. Since
the signal is constantly monitored on a short term basis,
the present invention provides improved tracking and Doppler
compensation.

Another advantage of the alternating - ha1f¥dup1ex
technique is that the transceiver does not need a full
compliment of circuitry to handle both functions. That is,
several circuit elements can be shared between the two
functions since they are separated in time. Elements such
as the antenna, antenna and related circuit feed cables,
certain bandpass filters, and the transceiver local
oscillators can be shared between the transmit and receive
functions if configured appropriately.

~ In the present invention the transmit and receive
frequencies are chosen to be within the preferred Ku or 11.5
to 14 GHz bandwidth as disclosed above. However, to achieve
these extra high frequencies, one or more up-conversion
stages or IF mixing stages-are required in the transceiver
70 circuitry: It has been found that a series of desiéable
uplink and downlink or forward and return link frequencies
within the specified bandwidth and FH scheme can be chosen
so that they are separated by a very narrow margin in the
intermediate IF stages and a common tunable local oscillator
can be employed for both the transmit and receive function.

The result is that fewer components are requifed which
reduces cost, increases speed and reliability (switching
speed) and very importantly, decreases power consumption and

size of the transceiver.

L ALY X f i o
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to one input of a mxer 122 and the output of the coarse synt
applied to a second input of the mxer 122 to generate an int
frequency. This generates an output frequency fromthe m xer

order

on the order of 652-1175 MHz and the fine synthesizer 102 generates

out put

i zer

of 900-1400 MHz when the coarse _synf hesizer 104 generates

in the range of 247[err] MHz.

104 is

A schematic diagram of a transceiver 70 analog

modulatidn/démodulation section 100 operating according
the principles of the present invention is illustrated
Figure 4. 1In Figure 4, a modulator 100 is shown having

to
in
a

Fine frequency synthesizer 102 and a Coarse frequency

synthesizer 104.

The coarse frequency synthesizer or Local .Oscillator

(L.O.) 104 represents a source of high to extra high

frequency signals. which is generally tunable over a broad.’

range of -interest in large steps on the order of 2-5 MHz
each. An exemplary coarse oscillator for use in the present
invention is a Phase Locked Loop (PLL) type oscillator
generating output signals at frequencies on the order of 652

- 1175 MHz. in steps of 2.5 MHz. (652.5, 655, 657.5,...)

The fine frequency synthesizer or oscillator 102
provides a finely tunable source of frequency with very 1low

noise and is tunable over a smaller frequency range and

or

in smaller discrete steps. The fine frequency synthesizer
102 can comprise one of several frequency sources that
provide a high accuracy, high resolution output in the
frequency range between 5 to 20 MHz with direct digital

synthesizers being preferred. An exemplary circuit for

an

~ advanced digital synthesizer useful in the present invention
is disclosed in U. S. Patent Application SN. e ___ filed
January _ , 1988 and assigned to the same assignee as the

present application. )
In Figure 4 a single reference frequency source 106

is

shown for use with the PLL of the coarse synthesizer 104,
the fine synthesizer 102, other elements in the
modulator/demodulator 100 and other oscillator and
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-33 - The resulting transnmit carrier, conplete with nodu- |gted nessage
‘data, is transferred to the up/down con- verter 108 connectZgdg
transcei ver antenna 30. The bandpass filter 110 filters un
conpo- nents fromthe transmt conmmuni calg_on signal as it
t hrough the splitter 112 to the up/down converter 108. The bandp
110 is generally a single section

processing stages for the transceiver 70. This provides a
system wide, synchronized reference or clock source which
improves signal to noise ratio and allows simplified systenm
.wide synchronization with other system where desired. An
exemplary reference source 106 provides a reference signal
at 10 MHz from a highly stable reference source such as a
rubidium standard. ' _

Communication signals received from the hub 14 are
received on the antenna 30 and transferred through an
up/down converter 108 and through a band pass filter 1lu to
a power splitter 112. The power splitter 112 exhibits a 3db
separation and is used to redirect received signals along a
different internal processing path from the transmit signals
and transfer them to a demodulation portion of the
transceiver 70.

Incoming or received communication signals 24b are
first mixed with the ocutput of the coarse synthesizer 104 to
down convert them to a lower IF frequency in the range of
250 + 7 MHz. This is accomplished using a signal mixer 114
which wuses the communication signal as one input and the
output of ‘the coarse synthesizer 104 as a second input.
The output of the mixer 114 is filtered by a band pass
filter 116 to remove unwanted frequency components added to
the down-converted communication signal by the mixer 114.

The output of the band pass filter 116 is transferred
to a second mixer 118 which has the output of the fine
synthesizer 102 as one input. The mixing of these two
signals provides a final IF frequency signal in the 20 + 20

MHz range.
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varacter tuned voltage controlled type filter which renoves |oca

denodul a- tion. - The communi cation S|9€ I's up converted by 2
108 to the desired 11.7-12.2 GHz range by mxing with a 13.1 Giz re
The up/down con- verter 108 can be configured as an output channel hav-
a power anplifier connected to a diplexer for the

The output of the mixer 118 is transferred though a
crystal filter 120 to the microprocessor 74 and subsequently
decoded and displayed as a message for the transceiver 70.

When a transceiver 70 user has input a message through
the display unit 88 or similar input means it is encoded and
transferred into the modulator/demodulator 100 by modulating
the input of the fine synthesizer 102. This 1is easily
accomplished using direct digital synthesizer technology as
understood by those skilled in the art. The output of
the fine synthesizer 102 is applied to one input of a mixer
124 and the output of the coarse synthesizer 104 is applied
to a second input of the mixer 124 to generate an
intermediate IF frequency. This generates an output
frequency from the mixer 124 on the order of 900- 1400 MHz
when the coarse synthesizer 104 generates a frequency on the
order of 652-1175 MHz and the fine synthesizer 102 generates
an output in the range of 247 + 7 MHz.

The resulting transmit carrier, complete with modulated
message data, is transferred to the up/down converter 108
connected to the transceiver antenna 30. The bandpass
filter 104 filters unwanted fréquéncy components from'‘ the
transmit communication signal as it is transferred through

~the splitter 112 to the up/down converter 108.

The bandpass filter 110 is génerally a single section
varacter tuned voltage controlled type filter which removes
local oscillator or synthesizer frequencies and low
frequency images and also allows tuning to other frequency
bands for use in the forward link demodulation.

The communication signal is wup converted by the
converter 108 to the desired 11.7 - 12.2 GHz range by mixing
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antenna 30 with a mixer conected to a local oscillator providing the 13.1
.GHz mxing reference frequency. On the return link the up/ converter

108 presents a second m xer connected to the 13.1 GHz | oc | Thss tor for
down converting received communi cati on signals. \Wat has n |
then is a new nmethod and apparatus forLgjransfering messages b
comuni cation stations and one or nore renote, no- bile, transceiv
all ows | ow cost nmass produc- tion of term nal equipnment which achieves

hi gh per -
with . 13.1 GHz reference. The up/down converter 108 can be
configured as an output channel having a power amplifier
connected to a diplexer for the antenna 30 with a mixer 130
connected to a local oscillator providing the 13.1 GHz
mixing reference frequency. On the return link the up/down
converter 108 presents a second mixer connected to the 13.1

GHz local oscillator for down converting received
communication signals.

What has been described, then is a new method and
apparatus for transferring messages between central
communication stations and one or more remote, mobile,
transceivers which allows 1low cost mass production of
terminal equipment which achieves a high performance level
in a variety of interference environments. '

The foregoing description of preferred embodiments has
been presented for purposes of illustration and description.
It 1is not intended to be exhaustive nor to 1limit the
invention to the precise form disclosed, and many
modifications and variations are possible in light of the
above teaching. The embodiments were chosen and described
to best explain the principles of the invention and its
practical application to thereby enable others skilled in
the art to best utilize the invention in various embodiments
and with various modifications as are suited to the
particular use contehplated. It is intended that the scope
of the invention be defined by " the claims and their

equivalents.

~on
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formance level in a variety of interference environ- nents. The foregoing
-descrrptron of preferred enbodi ments has been presented for purposes of
il1lu ription. It is not intended to be ex
limt the precise fornrdlsclosed and man JcTRN
and v kmm“mﬂl& muﬂsr ble in |ight ot2The above teachi ng~JThe ,o

sen desscri bed to best explain the principles of thel:
and its practical application to thereby enabl e others

CLAIMS

1. A communication system for transferring messages
petween central communication stations and one or more of a
plurality of mobile terminals through Earth orbital relay
satellites, comprising:

at least one central communication. station having first -
transceiver means for transmitting a first communication

signal; and
at least one mobile terminal having second transceiver

means for receiving said first communication signal and
demodulating said signal, and for transmitting at a
predetermined transmit and receive duty cycle, second
communication signals to at least one of said central

communication stations.

2. The communication system of Claim 1 wherein said
predetermined duty cycle for said second transceiver means
comprises a fifty percent duty cycle.

3. The communication system of Claim 2 wherein ‘said
fifty percent duty cycle comprises a period on the order of
- 10-20 milliseconds.

4. The communication system of Claim 1 wherein said
at least one central communication station first transceiver
means transmits and receives Time Division Multiplexed
communication signals which comprise a series of N channels
which are separated into A address channels and D data
channels.
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skilled in the art to best utilize the invention in various enbodi nents and
- Wi t h—various—npdifications as are suited to the particul ar

conte t ended that the scope of the inventi oy bﬁ
t he CWH ﬂ H IHHI "qu|vaIents. CLAI M5 What we claimii
_43-

5. The system of Claim 4 wherein said central
communication station further comprises:

receiver assignment means for detecting which of said
plurality of terminals each message is directed to:

channel assignment means for assigning at least one
channel to each of said messages at a time from said D
channels; .

address control means for transferring a terminal
address and an associated channel assignment onto one of
said A channels in response to input messages intended for a
terminal; and

message input means connected to saiaq channel
assignment means for receiving digital ' messages and
transferring said messages onto said D channels in response
to an assignment from said channel assignment means at a
rate of one message per channel.

6. The system of Claim 5 wherein said central
communication station further comprises:

at least one narrow beam antenna; and .

conversion means for convérting information t6 be
transmitted to a terminal into digital messages at a

predetermined transfer rate.

7. The system of Claim 1 where in said second
transceiver means has a demodulator/modulator apparatus,
comprising:

input/ocutput means for transferring communication
signals between an antenna and said demodulator/modulator

apparatus;

—
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1. A communication systemfor transferring messages between central
connunLcaLLon_sLaLLons_and one or nore of a plurality of no e termnals

t hrough y satellites, conprising: at |eas
connunlc 1' Im“ 'ﬂ

ng first trapgceiver nmeans for tr

first con}*numloatmons5|gna in the formof Time D vision Ml
comuni cation signals, which com prise a series of N channels whi
separated into A address channels and D data channel;

an up/down conversion means connected in series with
said input/output means for convgrting received signals at
extra high frequencies to a first preselected intermediate
frequency range and for converting transmitted signals in
said first intermediate frequency range to said extra high
frequencies; _

tunable band pass filter connected in series with said
up/down conversion means, said ~tunable bandpass filter
capable of having a preselected band pass range tuned in
response to a control signal;

a power signal splitter connected in series with said
tunable band pass filter having three input/output ports
with one connected to said tunable band pass filter:;

a first mixer connected at a first input to a second
input/output port for said signal splitter:

a coarse frequency synthesizer connected to said first
mixer at a second input:

a second band pass filter in series with said first
mixer and connected to an output thereof; '

a second mixer connected in series with said second
band pass filter and connected thereto at a first input?

fine frequency synthesizer connected to said second
mixer at a second input:;

a crystal output filter connected to an output of said
second mixer;

a third mixer connected at a first input to said fine
synthesizer and at a second input to said coarse
synthesizer, and having an output connected to a third
input/output port of said power splitter; and
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sai d central communication station further conpris- ing: receiver
-assi gnment _nmeans for dptPCting which of said plurality of ile termnals

each ne channel assignnent neans for
| east oﬂmuﬂl @cl h of said nessages at a tine from $qj
addr ess or transferring gstermnal address anc

channel assignnent onto

transmit modulation means connected to said fine
synthesizer for modulating a frequency output thereof in
response to transmission of desired second communication

signals.
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one of said A channels in response to input nmes- sages intended for a
corresponding term nal; and nessage i nput neans connected to said channel
as- signnent nmeans for receiving digital nessages and tran ring said
messages onto said D channels in response to an assi gnnent f?lqgné, i d
channel assign- nent neans; and at | east one nobile term h
trans- ceiver neans for receiving and dfm)dul ating said first
signal, and for transmtting at Bl
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a predetermined transnmt duty cycle, second com nunication signals to at
| east one of said central comrunication stations. 2. The systemof claim1l
wherein said central commu- nication station further conpri at | east
one narrow beam ant enna; and conversi on neans for converti mation to
be transmtted to each corresponding termnal into digital
predeterm ned transfer rate.

-2 -
REF FOR Ay REF FOR By,
BuojlAN |Bn | DEMODULATION °
50 | OF TWO SYMBOLS
COMPOSITION CHANNEL NUMBER
OF ONE HOP | .
18E N
SEQUENCE OF HOPS B | 54
¢ /
56 ' 58
ADDRESS CHANNEL DATA CHANNEL
24 HOPS (AS DETERMINED BY CHAN SELECT)
48 SYMBOLS
A SYMBOLS . B SYMBOLS
60 GOLAY : _
DECODE - .
. SYMBOLS SORTED INTO
24/B1TS - A AND B CODE BLOCKS
63 .
Ks’asaBABA....
5 BITS \ 19 BITS. \
647 CHANNEL REl;;I.VER CODE €0
HANNE!L GOLAY DE
8
M - 2
//ea
MESSAGE COMPOSITION|TYPE |BODY|CHKSUM
—‘v—'—’—_——‘_—’— - o —
FIG. 2 REPLACIET 85771

is Sheet Has Been Replaced

TR o nov e |




-35- 3. The conmunication systemof claim1l wherein said predeterm ned duty
cycle for said second transceiver conprises a fifty percent duty cycle. 4.
The conmuni cation systemof claim3 wherein said fifty percent duty cycle
conprises a period on the order of 10-20 n1II|seconds 5. Te commruni cati on

syst em of cIa|n11 wherein said
S “\
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second transcei ver nmeans further conprises data nodu- lation neans for
‘applying a direct spread speatrumcod- ing function to nessage data of said
second comuni ca- tion signals 6. The conmmuni cation systemof claim5
wherein said at | east one central communication station firsf trans- ceiver
means further conprises nodul ation means for nodulating a carfler wave Wi th
said nessages and said carrier wave is ;- periodic triangle VeS| pn o
frequency with respect to tine.
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: N . . _ 96080 -3
7. 4he_gconmuni cation systemof claim1 wherein said at |east one central

communi cation station first trans- ceiver neans further conprises
nmodul ati'on“means for nodulating a carrier wave with said_nessages and said

carrier wave is a periodic triangle wave in frequency w {Igg i
8. The systemof claim7 wherein said carrier wave has a DF?-‘?«@EWQESS%EF

variation on the order of 2 nega- hertz peak-to-peak andfajperj o, e
order of 30.24 mlliseconds. pe - 3 i Eﬁé) @*'I’F?
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ALTERNATING SEQUENTIAL HALF DUPLEX
COMMUNICATION SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to communication sys-
tems and moré particularly to two-way telecommunica-
tion systems e'nploymg central message transmitting
stations and Earth orbit relay satallites to transfer mes-
sages between mobile terminals and the certral stations.
The invention further relates to a two-way telecommu- -
nication system using a sequential, aiternating, half du-

-_plex communication pattern to reduce complexity and
power requirsments for each terminal while providing
reliable communications between a large number of
mobile system users.

2. Background of the Art

There is an ever increasing need for communication
systems to provide message delivery.or brief transfers of
information betwesn a central communication office or

-dispatcher and 2 number of remote system users. There |
are a substantial number of commercial, governmental,,
and private applications requiring the delivery of rela-
tively short messages to or from a large number of

. geographically dispersed terminals, or mobile transceiv- -
ers, often on an irregular basis. The need for message
services includes such diverse applications as govern-
ment services (military, law enforcement, legislative)
where secure communications are desired, forestry,
resource management, disaster relief or coordination.
aviation, navigation, commercial transport or transport
tation, and message delivery services.

Other examples include the interstate trucking indus-
try where dispatchers wish to communicate short mes-
sages to trucks locatad anywhere in the continental
United States, especially in rural areas. Presently the
transfer of such messages is restricted to periadic tele-
phonic communication between drivers-and a central
dispatcher or contact person. Currently, truck drivers
must call long distance from many remote geographic
locations to retrieve messages or to update delivery and



9. wA canmmuni cation systemfor transferring nessages between central
comuni cation stations and one or nore of a plurality of mohile termnals

through Earth orbital relay satellites, conprising: at le SREﬂ%IﬁﬁW ah
communi cation station having transceiver neans for transnmjttlng o

comuni - cation signal; and at | east one nobile term nal haui rb(:; S condn
trans- ceiver neans for recei ving and depudul ating said f{rst b Sy
signal, and for transmtting at

pick-up schedules. However, it is hard, if not impossi-
ble, for drivers to consistently “call in” at fixed, sched-
uled, times since telephone services are not always
readily available in many areas. The conventional “call
in” approach aiso creates accounting probiems and
major personal inconvenience by requiring vehicle
drivers to use money or charge cards for long distance
calls at substantial cost even when no updated message
or information is transferred.

Aside from conventional telephone systems, other
communication systems have attempted to address the

-mobile market. Radio telephone, cellular telephone, and
portable radio transceivers (CB) are all capabie of pro-
viding some form of communication between a mobile
transceiver and 2 base unit. However, these communi-
cation systems suffer from several drawbacks and have
proven inadequate as message communication systems
for serving a large number of widely dispersed users.

Current mobile communication services operate on a
limited number of high frequency, low data rate, chan-
nels and have many more potential users than system
capacity. Many systems, like cellular telephone, employ
frequency reuse across an array of cells to increase
capacity, with each cell having a short transmission

- Tange to increase frequency reuse and reduce interfer-
ence. However, these lower power transmissions are
more prone to frequency selective fading and signal
blocking and require highly mobile users to frequently
change channels as new cells are traversed. These sys-
tems are also prone to sudden communication loss when
no channels are available in adjacent cells.

Cellular systems economically serve large metropoli-
tan areas but leave many urban and most rural areas
without any service or direct coverage at all. Messages
for these areas are switched to conventional telephone
or satellite carriers for long distance transfers to ground
based systems which eliminates the flexibility desired.
There are no direct satellite communication systems.



a predefermned transmt duty cycle, second com nmnunication 5| gnal sto at
| east one of said central conmmunication stations,

means havi ng a denodul at or/ nodul at or appar at us,

up/ down conversi on nmeans for converting received
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Direct communication, non-cellular, using traditional
mobile radio transceivers also required constant moni-
toring of a variety of frequencies all of which are
crowded with existing traffic. These services, like cellu-
lar telephone, are subject to frequent system overload
and signal degradation from several interference
sources which makes them incapable of handling a large
volume of traffic. These transceivers: alsc have a low
range imposed by the need to prevent interference with

other communication systems.

Communication systems based on Earth orbital relay
satellites have been proposed as a new approach to
solve many communication problems, especially cover-
age of geographically diverse, low user density or rural
areas. Several systems have been proposed or devel-
oped to operate through orbital relay satellites and cen-
tral communication stations. Examples of such systems
are found in U.S. Pat. Nos. 4,291,409 and 4,455,651.

However, the high gain, low interference require-
ments imposed on such systems, especially in regard to
adjacent Earth orbit relay satellites or concurrent satel-
lite users, requires the use of large, narrow-beam, re-
ceiver antennas on the order of 4 feet or more in diame-
ter, which eliminates mobile applications. In addition,
these satellite systems are limited to low data transfer
rates which severely limit the number of potential users
and data transfer capacity. Otherwise, tracking and
demodulating a high data rate satellite signal requires
very high speed, complex, and expensive receivers that
also consume substantial amounts of power for signal
scanning and processing even when not receiving mes-
sages. Such equipment is impractical for a commercial

message system.,
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What is needed is a communication system that al-
lows continuous delivery of messages and related com-
munication parameters or control information to a large
number of ‘users over a large geographical area. The
system needs to provide a return link for message ac-
knowledgment and responses. The system also needs to
allow development of a complete private digital data
network. The system needs to be cost effective; simple
to operate, maintain, and install; and minimize antenna
requirements. The system should also automatically
adjust to handle many transfer errors associated with a
mobile environment.

- SUMMARY OF THE INVENTION

With the above problems of the art in mind it is a2
purpose of the present invention to provide a2 two-way
‘message communication system capable of accommo-
dating a large number of geographically diverse users.

An advantage of the present invention is that it pro-
vides a moduiation scheme that provides performance
comparable to a predetermined signal to interference
ratio in any interference scenario encountered.

Another purpose of the inveation is to use a novel
modulation, coding, and multiplexing technique which
allows an inexpensive two-way mobile terminal with a
very small antenna suitable for use on a moving vehicle,
to receive and transmit data reliably using a satellite
repeater.

Yet another purpose of the invention is to provide a
modulation and coding scheme that is implemented
digitally, preferably as firmware in signal processing
chips of the VLSI type and in microcomputers. '

Another advantage of the present invention is that
the communication signals can be more effectively
screened from existing communication services.

Yet another advantage of the present invention is a
high p;rforma.uce, cost effective, and flexible imple-
mentation.



put port in series with said tunable band pass filter; a first m xer

connected at a first input to a second input/output port of said signal
splitter, a coarse frequency synthesizer connected to sa cthp r&?\@&ee&,;&t F
second input; a second band pass filter connected in ser EJI an..out put
of said first mxer; a. second m xer connected in series W|th sal d sg&g nél
band pass filter and connected thereto a _a first input; 2

Still another advantage is that the present invention
provides a modulation and coding scheme that allows
mass production of circuits and modules to be used for
the remaining analog functions for the mobile terminals.

An object of the invention is to allow flexibility in
data transfer rates so that receivers of differing transfer
rates or capabilities are efficiently accommodated in a
single system.

A further advantage of the system that results from

the latter object is that more energy per bit can be used
to compensate for unequal downlink power density
across large geographical areas.
_ These and other purposes, objects, and advantages
are realized in a message communication system for
sending messages between central communication sta-
tions and one or more mobile terminals through Earth
orbital relay stations comprising at least one central
communication station having a first transceiver for
transmitting a first communication signal from the cen-
tral station to one or more mobile terminalis and at least
one mobile terminal having a second transceiver for
receiving the first communication signal and demodu-
lating it, and for transmitting at a predetermined duty
cycle for the second transceiver, a second communica-
tion signal to at least one of the central communication
stations. The preferred predetermined duty cycle over
which the second communication signal is transmitted
is about fifty percent of the second transceiver duty
cycle. At the frequencies of interest the fifty percent
duty cycle is on the order of 10-20 milliseconds in
length.

In a preferred embodiment, the communication sys-
tem first and second transceivers transmit and receive
respectively Time Division Muitiplexed communica-
tion signals which comprise N serial channels, with D
data channels (D <N) used for transmission of message
data and A address channels (where A=N-—D) used
for transmission of address information. The address
information is in the form of terminal addresses where
messages are designated to be sent.

g
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The central communication stations employ a termi-
nal assignment device which determines which termi-
nals in the system a message is directed to and, accord-

_ingly, assigns a terminal address to the message; and a
channel assignment device for assigning each message
to at least one of the data channels for transmission. An
address controller transfers a terminal address and an
associated data channel assignment onto one of the
address channels in response to input messages intended
for each terminal. Alternatively, where a message is
intended for several terminals, multiple addresses are
destgnated or assigned to a message. Also. special erouo.
or all call addresses can be associated with each re-
ceiver to facilitate multiple receiver addressing with a
minimum of address information when possible.

A message input control device is connected to the
channel assignment device and receives digital mes-
sages and transfers them serially onto designated data
channels in response to an assignment from the channel
assignment device at a rate of one message per channel
at a time. The input message data is nominally trans-
ferred at a rate on the order of at least 5,000 bits per
second.

In a preferred embodiment the communication sys-
tem applies Golay [24,12] block coding to the digital
messages prior to transmission and applies a corre-
sponding Golay [24,12] block decoding process to re-
sulting symbol data when received. The Golay coding
generates digital symbol data at a rate on the order of
10,000 bits a second. In addition, a checksum computa-
tion is performed on input digital messages with a series
of bits being added to the end of the message for check-
sum verification by each receiver.

In further aspects of the invention, the operating
frequency of the TDM communication signal is fre-
quency hopped at differing rates between the forward
and return links over a preselected number of frequen-
cies to decrease the power density of communication
signals.
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A unique triangular waveform is used to modulate
the RF carrier center frequency with a 2 MHz peak to
" peak amplitude and a period of 30.24 milliseconds. This
causes a triangle wave power dispersal so that the for-
ward link has the same interference characteristics as a
single video carrier saturating the transponder so that
no unacceptable interference is generated for satellites
adjacent to or within 2° from the satellite.

The central communication station uses an input or
conversion element to convert incoming message infor-
mation from digital or analog sources into digital mes-
sages at a predetermined transfer rate on the order of
5,000 bits a second. The digital messages are then used
to modulate a carrier to form the desired communica-
tion signal. The transmitter is connected to at least one
narrow-beam antenna which directs communication
signals to a preselected relay satellite.

The communication system of the present invention
uses mobile terminals having small, portable, directable,
narrowbeam antennas connected to a demultiplexer and
other means for detecting, demodulating, and decoding
the TDM communication signal so as to receive mes-
sage data. The mobile terminals take advantage of the
alternating duty cycle for transmission and reception to
monitor the parameters of received signals and use
changes as a guide to alter return link signal characteris.
tics. In addition, the transceivers employ a single set of
local oscillators for both transmit and receive functions.

BRIEF DESCRIFTION OF THE DRAWINGS

The novel features of the present invention may be
better understood from the accompanying description
when taken in conmjunction with the accompanying
drawings in which:

FIG. 1illustrates an overall diagram of a communica-
tion system operating according to the principles of the
present invention;

FIG. 2 illustrates an overview of the message en-

coding/decoding and channel multiplexing of commu-
nicatinn sienalc nesAd in tha cuctam AF T 1.
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FIG. 3 illustrates a schematic representation of exem-
plary circuit functions employed in a transceiver for the
system of FIG. 1; and

FIG. 4 illustrates a schematic representation of exem-
plary demodulator/modulator circuit functions em-
ployed in a transceiver for the system of FIG. 1.

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT

The present invention provides a method and appara-
tus for transferring messages between one or more re-
mote, mobile terminals and a series of one or more

“central communication stations or Hubs. The communi-
cation system provides this information transfer for a
large number of users by using a2 Time Division Multi-
plexed (TDM) communication signal having message
transfer channels and receiver address channels which
are used in an alternating haif duplex mode. That is,
forward link and return link transmissions or reception
for the central communications stations as well as mo-
bile terminals alternate between a send and receive
mode on a predetermined periodic basis to allow use of
common elements in the up and down conversion
chains as well as in the IF elements to minimize com-
plexity and costs. At the same time, this alternating
communication scheme allows TDM mode tracking
and error correction which improves communications.

An overview of a communication system operating
according to the principles of the present invention is
illustrated in FIG. 1. In FIG. 1, a communication sys-
tem 10 is illustrated having a mobile terminal (not
shown) mounted in a vehicle such as a truck 12. The
truck 12 represents any of a variety of vehicles whose
occupants desire to obtain occasional or updated infor-
mation, status reports, or messages from a central com-
munication source. As previously discussed, truck driv-
ers or various drayage personnel often have a need for
ready access to messages for more efficient operation.
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It is also very desirable to have a mobile system user
be able to communicate at.least some form of limited
message or acknowledgment to the central control sta-
tion in response to received messages. A reply message
may prevent the need for further communications or
may indicate a need for an additional instruction or
updated message from new information provided by a
vehicle driver. At the same time, by providing for a
return link of communication, even if limited in content,
it is possible to incorporate other features into the com-
munication link such as simple message acknowledg-
ment to provide verification of message receipt by the
terminal whether or not the driver operates on the in-
formation. Other automatic responses may also be con-
figured into the operation of the transceiver such as
location and vehicle status.

The return link allows a driver to enter messages such

~ as a verification of time and delivery information, or a
report on current position or other status information.

A message is transmitted to the truck 12 from a cen-
tral transmission facility or terminal 14 referred toas a
Hub facility. The central terminal or Hub 14 can be
placed at a location such as a trucking terminal or cen-
tral dispatch office allowmg lower cite costs and local,
direct, access to transmission equipment for mainte-
nance and system upgrade.

Alternatively, the Hub 14 is located in a remote loca-
tion more ideally suited for low interference ground-to-
satellite transmission or reception. In this case, one or
more system user facilities in the form of central dis-

patch offices, message centers, or communication of-

- fices 16 are tied through a telephonic, optical, satellite,
or other dedicated communication link to the Hub 14.
In addition, for large numbers of remote customer mes-
sage centers, 2 message or network management center
18 can be employed to more efficiently control the
priority, access, accounting, and transfer characteristics
of message data.



11. The communi cation system of claim 10 wherein said prede ed._duty

Syl e. 12, The conmiElRPORERTSHERTof el ai m 11 whor oi n s: .”B‘m"”’" K

cycle. 12. The co
duty cycle conprisgs p period on thie prder of 10-20 m|lig
conmmuni cati on syst n1of8&iﬁﬁﬁfﬂﬁh rein said at | east ong
communi cation statjjon_first transc iver1 ans transmts

Mul ti pl exed connunﬁcation si gnal's whi|ch "Conpri se a seri e

The Hub 14 or management center 18 can be inter-
faced to existing communication systems using well
known interface equipment such as high speed modems
or codecs which feed message signals into the commu-
nication system 10. High speed data management com-
puters can also be used to determine message priorities,
authorization, length, type, accounting details, and oth-
erwise control access to the communication system 10.

The Hub 14 employs an Extremely High Frequency

(EHTF) transceiver to establish forward and return links
or up and down link communication paths with a geo-
-synchronous Earth orbiting relay or repeater satellite
20. These links are maintained at one or more of 2 nim-
ber of preselected frequencies or frequency ranges. A
typical sateilite system empioys a series of repeater
transponders for transmitting 12 GHz frequency signals
for TV or radio transmissions to ground stations.

The preferred embodiment of the communication
system 10 employs uplink and downlink carrier frequen-
cies in the EHF Ku band to allow access through the
transponders on existing or new communication satel-
lites already launched or planned. The communication
system 10 can take advantage of unused or excess satel-
lite capacity at these frequencies and does not require
the launching of its own, new, dedicated satellites.
Therefore, the benefits of the present invention are
immediately available without additional expensive
satellite technology. However, the communication sys-
tem 10 can also be implemented at other frequencies
dependent upon available satellite transponders and can
provide improved commumication through some
ground based repeaters. '

The Hub’s transmission signal is transferred through
a diplexer 22 to an antenna 26. The antenna 26 com-
prises a very small aperture antenna for directing the
communication signal 24 to a singie orbiting satellite.

A forward link communication signal, designated
24a, is transmitted throngh the antenna 26 to the com-
munications satellite 20 at the preselected uplink carrier
frequency. The communication signal 24a is received
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by the repeater satellite 20 where it may be translated to
a second frequency for the downlink transmission 244.
Those skilled in the art of communications understand
the apparatus needed to perform this reception and
conversion function which are known in the art. Using
different frequencies for the uplink and downlink com-
munication signals reduces interference.

Current satellites typically support 2 number of inde-
pendent communication channels with about 48 Mhz of
bandwidth. These satellites use polarization isolation to
obtain frequency reuse, with one set of channeis operat-
ing at one polarization (horizontal or vertical) and an-
other set operating at the same frequency with an offset
of 1 channel and operating with a 90° polarization shift.
This 90° polarization shift is normally applied between
forward link and return link commnunications for one
communication channe! with one transponder used for
the uplink and one for the downlink.

The transmitted forward downlink signal 245 is re-
ceived by a mobile transceiver 70 (FIG. 4) through a

small, generally directional antenna 30. The antenna 30
is constructed to have about 15 dB of gain and to be
directional within a 40°-50° elevation beamwidth and
6-10° azimuthal or orbital arc beamwidth. The antenna
30 is mounted so that it is capable of being continuously
rotated over a 360 degree arc and has an unobstructed
field of view for the satellite 20. The antenna is con-
nected to an antenna pointing and tracking control
system 74 (FIG. 4) for tracking the satellite 20 as the
vehicle 12 changes position relative to the satellite. An
exemplary antenna rotation mechanism is found in co-
pending U.S. patent application Ser. No. 07/145,790
now U.S. Pat. No. 4,876,554 issued Oct. 24, 1989.
Messages, or message data are transferred into the
Hub 14, or network management center 18, where they
are converted into digital message signals which are
transferred at a rate on the order of 5,000 bits per sec-
ond. Those skilled in the art will readily understand that
the teachings of the present invention apply to higher,
or lower, data transfer rates when circuitry operating at
the appropriate speed is employed. Messages can be
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received directly as digital data at various bit rates and
accumulated or stored for translation to the desired
system transfer rate. Alternately, messages are received
as audio message signals that are keyed in by system
operators to form the desired message signals. In addi-
tion, some message information is generated internally
or directly by the network management center 18 for
communicating system type data, such as time, terminal
assignments, rates, etc.

Each message signal can be subjected to a variety of

-coding, encryption, or error detection and correction
schemes prior to transmission. Where desired, individ-
ual terminals can employ unique codes or ciphers to
provide secure message delivery capabilities. However,
to reduce transmission errors and provide for error
correction for all messages transmitted by the commu-
nication system 10, at least two encoding steps are im-
plemented for all digital messages or message data.

One step comprises applying 2 system 10 checksum
algorithm to the digital message data. In the preferred
embodiment, the checksum algorithm employs on the
order of 30 bits of information to indicate the values
resulting from checksum computations which are used
to detect transfer errors. An exemplary checksum for-
mula for use in the communication system 10 is the
comPntation of the polyn_omial:
X304 X94+X34+X24+X+1. When -calculating this .
checksum the address field (see below) of a message is .
ignored so that channel addresses do not aiter checksum
values.

A second step comprises encoding all data, message,
instructions, or addresses, using a Golay [24,12] block
code to encode every 12 bit block of information, in-
cluding checksum, type and recipient information, into
24 binary symbols for transmission. These 24 bits are
then transferred at the desired system transfer rate.
Using the Golay [24,12] block coding scheme means
that 5,000 bits of message data forms a 10,000 bit en-
coded symbol stream for transmission. Therefore, the
system 10 transmission signal rate is about 10,000 binary
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symbols or bits per second to accommodate the 5,000
bit per second input data rate. On the reception end, the
code symbols or blocks are decoded to regenerate the
12 bit blocks of information. As known in the ast, the
operation of a Golay {24,12] or similar code acts to
minimize transmission error by decreasing the impact of
single bit errors on a data stream through spreading the
data out over multi-bit patterns. Each bit error affects
only a fraction of 2 bit in the message which is effec-
tively compensated for by the error correction schemes
used until very high error rates occur.

The encoded message symbols are used to modulate a
frequency generator or source such as a Direct Digital
Synthesizer which creates an FM modulated carrier, at
a preselected frequency which is up-converted to the
desired EHF band for transmission to the satellite 20.
The encoded symbols can be used to drive a BPSK
modulator which is coupled to the carrier wave source
for the communication system 10.

In the preferred embodiment, each symbol is shifted
in phase from the previous symbol, either —90° to indi-
cate 2 0 or +90° to specify a 1. This is referred to as
Differential Advance Retard Keying and improves
acquisition by the terminal because every symbol con-
tains a phase transition.

To decrease interference and accommodate a large
number of terminals at potentially different burst rates,
a Time Division Multiplexed (TDM) transmission
scheme is used. The TDM approach divides the total
transmitted (or received) spectrum into temporal incre-
ments or frames of predetermined length. Messages or
message signals transmitted in or by the communica-
tions system 10 are allocated portions of this time con-
trolled sequence known as channels, and no other signal
uses the system at exactly the same time. The allocated
portions or channels are very small, temporally, and
their interleaving across successive frames very large so
that communication appears simultaneous to all termi-
nals. Methods and apparatus for generating, transmit-
ting, and controlling TDM signals are well known in
the communication art and can be accomplished using a
variety of signal multiplexing and control devices.
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Each frame consists of a number of channels which
represent substantially identical, sub-frame length peri-
ods during which symbols are transferred. This means
that messages or message signals are transferred a few
bits at a time during each successive frame until the
message is completed. The preferred embodiment di-
vides each frame into 25 sub-frames or channels. How-
ever, those skilled in the art will readily understand that
the number of channels depends on the transmitting
speed of the communication system 10, number of users

to be accommodated, and frequency hopping schemes
as described below.

In using the TDM approach, information is generally
sent over the communication signals 24g, 245 in discrete
packets. The communication system can accommodate
packets of differing lengths between 4 to 256 characters
each, depending on the type, burst rate, or size of mes-
sages being transferred. In addition, the messages, pre-
formatted or free-form, are generally limited to 2000
characters in length to facilitate transfer speed and high
message capacity.

Each packet is generally segmented into fields of
information such as the type of message, typically a 6 bit
entry to distinguish between possible alternative system
formats, the length of the message, to allow proper
tracking, the body of the message, and the checksum
bits. There is also an address field of 24 bits associated
with each message as discussed further below. Those
skilled in the art will readily understand that some “zero
packing” will be used from time to time to assure a
uniform frame size regardless of overlapping message
lengths, varying packet sizes and transmission rates, or
empty channels. However, unused channels generally

will have random data transmitted to improve tracking
and acquisition of chaonels by transceivers.

To assure that each transceiver is tracking and de-
modulating a designated channel, a series of codes or
code masks can be used with the data to detect tracking
errors. That is, short bit patterns can be added to the
data transferred by each channel to allow automatic
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differentiation from data in adjacent channels. Once a
transceiver commences demodulating one channel! it
records the code mask for that channel. The mask is
used to decode or demodulate all data received until the
end of the message. If the transceiver erroneously uses
data from adjacent channels, the code mask will prevent
incorporation into the message.

In order to further reduce interference by increasing
isolation and, thereby, increase the system 10 message
capacity, Frequency Hopping (FH) of the carrier fre-
quency can be used. An FH technique spreads the
power density of the signal 24 over the entire transpon-
“der 48 MHz bandwidth, reducing downlink power den-
sity which minimizes interference with other communi-
cation services and provides processing gain which the
transceivers use in rejecting the interference of other
services. The basic techniques of FH-TDM transmis-
sions are known in the communication art and aiso
provide a vehicle for spreading a signal out over a given
bandwidth so that transmission errors caused by fre-
quency selective fading or other aberrations only affect
a small portion of the signal. At the same time, fre-
quency hopping according to a unique pattern allows
some degree of security for some system 10 users.

In the preferred embodiment, the forward link FH
scheme comprises dividing the appropriate forward link
(downlink) transponder bandwidth (11.7-12.2 Ghz} into
240 frequencies located approximately 2.5 MHz apart.
The hopping rate for the frequencies of interest is on the
order of 200 frequencies per second covering the 240
discrete hopping frequencies before recycling. This
means that the dwell time for each frequency is about 5
milliseconds. If each TDM frame is transmitted at 2 new
frequency then each frame is about 5 milliseconds long
and the size of each channel is roughly 0.20 milliseconds
in length. '

The frequency hop pattern can comprise a simple~
linear progression from high to low or vice versa, but a
more complex pattern based on a pseudo-randomly
generated frequency selection sequence is preferred.
However, those skilled in the art will also recognize
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that a TDM signal without frequency hopping will
benefit greatly from the method and apparatus of the
preseat invention.

Returning to the desired transmission rate of 10,000
symbois per second or 1 symbol every 0.10 millisecond,
it is seen that each frame period allows 2 symbols to be
transmitted per channel. This would imply a transmis-
sion rate of forty-exght (48) code symbols every frame.
Howevesz, to improve reception, the prefured embodi-
ment uses a fifty (50) symbol transmission rate for each
frame with the first symbol period employed for settling
time to assure that the transceiver has locked onto, and
the transmitter is accurately within, the selected fre-
quency and not offset due to the changing characteris-
tics of the frequency source.

The second symbol is used as a phase reference for
the third symbol in the stream of fifty symbols, with the
third symbol being the first message symbol. Each suc-
cessive symbol is used as a phase reference for the-next.
This relies on a differentially coherent demodulation
scheme as opposed to an absolute phase reference since
absolute reference approaches are more complicated
and extremely difficult to achieve in a mobile communi-
cation system.

The code blocks or symbols are divided into alternat-
ing groups or sequences. That is, every other code
block is selected and placed in one 24 symbol group for
transmission. This separates every other code symbol
from its adjacent symbol which spreads code symbols
that are close together in code to be far apart in time.
This interieaves the code blocks to provide a means of
minimizing signal errors generated as a burst of errors in
a sequence by spreading the message signal over a wide
signal bandwidth.

The FH-TDM type communication signal 24a is
transmitted by the Hub 14 through the repeater satellite
20 (where it becomes signal 245) to all of the terminals
within a given geographical zone or region serviced by
the satellite. This zone can be as large as an entire coun-
try, or as narrow as a small state depending on the
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applicadon. However, regardless of the zone covered
by the satellite, each terminal in that zone normally
would have to dstect, monitor, and demoduliate the
signal 245 in order to recsive messages. If the messages
are simply applied across all of the channels, then each
transceiver has to continuously track, demodulate, and
decode the enrire wide bandwidth signal to assure re-
ception of 2 relevant message. This would be required
because every message header or lead-in, in every chan-
nel, would have to be scanned by each transceiver to
verify which terminal is designatad to recsive the mes-
sage. For large numbers of users this requires very high
spesd, complex, demodulation circuitry to accomplish.
Since speed and complexity increase system cost and
decrease reliability, this is undesirable.

In the present invention, terminal selection is accom-
plished using a new terminal or transceiver addressing
technique for TDM communication signals which com-
prises a two part addressing scheme. This technique is
explained in greater detail in copending U.S. patent
application Ser. No. 07/144,905 also -assigned to the
assignes of the present invention. _

In this technique, each terminal is assigned a unique
system address which is known to all Hub 14 transmit-

* ters or management centers 18 used by the communica-

tion system 10. The terminal address establishes an indi-
vidual identity for each terminal in the system. This

..address is generally set at the time of terminal manufac-

ture or installation and can be made unaiterable by a
transceiver user or made dynamically changeable by
the system 10 depending upon the system requirements
or costs. In the preferred embodiment, the transceiver
addresses are designated or determined by a 19 bit ad-
dress term making approximately 524,288 (2!9) terminal
addresses available which allows a very large number of
users for the message communication system 10.

In addition to the “individual” address, tarminals can
also respond to specialized “system’ addressessuchasa
“group” address (if applicable), an “all-call” address, or
other “conditional™ addresses. By providing these aiter-
nate addresses, to which a terminal, can respond, it is
possible to very efficiently transfer single messages to
an entire system or a group of terminals without sending
the same message to every designated transceiver over
a longer transmission period. This also provides for the
transmission of system type information such as time of
dav. service changes, etc.. to all terminals on a periodic



22. The communi cation system of claim 21 wherein said carrier wave has a
center frequency variation on the order of 2 megahertz pea 1
period on the order of 30.24 mlliseconds. 23. The conmuni

ceiver means conprises a fifty percent duty cycle. 24. Th
systemof claim23 wherein said fifty p%cent duty cycle
on the order of 10-20 mlli seconds. )

basis, by interleaving these types of messages into other-
wise unused channel capacity.

With terminal addresses defined, the communication
channels in the FH-TDM communication signals 24a
and 245 are divided into an address portion of A chan-
nels and a data or message portion of D=N-A channels.
In the preferred embodiment A is 4 and D is 21. How-
ever, other values for the total number of channels and
address channels can be used depending upon specific
system requirements.

The A address channels are used to transmit address
information and designations for those terminals whose
messages are being transmitted by the Hub 14. The D

‘data channels are used to transmit the messages for the
designated terminals. The transmission of each message
address precedes the transmission of that message by 2
predetermined period of time to allow a terminal to
adjust its tracking circuitry and synchronize with the
appropriate channel before the arrival of the message.

The address channels are typically designated as sys-
tem channels 1, 2, 3, . . . etc. However, these channels
can be separated by data channels where channel track-
ing either permits or desires this spacing for transceiver
demodulation. In addition, the number of channels can
be dynamically adjusted by the system 10 to accommo-
date several problem situations. One problem arises

“when there are a great number of messages, saturating
the address channels but the messages are short, thus
leaving excess data channel capacity. In this situation, 2
data channel could be reassigned to be an address chan-
nel. The opposite problem occurs when there are an
average number of messages but they are all maximum
length. The system 10 may find it advantageous to use
one of the address channels for data to decrease the
number of messages being backlogged.

This addressing scheme means that address informa-
tion only needs to be demodulated at a fraction of the
‘communication signal rate allowing each transceiver to
monitor the communication signal 245 at this Jower rate
until it detects its address. When a terminal detects its
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comuni cation station first transceiver neans transmts and receives Tine
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address, accompanied by a channel assignment, the
transceiver switches to the appropriate channel and
begins demodulating and receiving the message. There-
fore, it will be apparent to those skilled in the art that
transceivers are not demodulating nor decoding the
entire, or even a2 majority of the communication signals
28 wransmitted by the communication system 10. This
allows a less complex and slower speed reception cir-
cuit which reduces power and cost while increasing
reliability and ease of construction. Where desired, each
transceiver can be assigned a specific address channel to
monitor, dynamically or fixed, which further reduces

- processing to a 1/N rate for both addressing and mes-
sage demodulation.

Reception and decoding of communication signals is
illustrated in further detail in FIG. 2. In FIG. 2, an
incoming communication signal comprising interleaved
code symbols S0 is received by each transceiver on a2
series of signal channels 52 which are frequency hopped
in a sequence of hops 54. The messages are received on
the data channels §8 while address information is re-
ceived on the address channels §6.

The digital code symbols comprise the code block
symbols described above and are received at a rate of
two symbolis per channel per frequency hop. There are
two extra symbols received during each hop with the
first disregarded or lost due to settling of the transceiver
and the second being used to obtain the phase required

to track the third symbol. Therefore, there forty-eight
information symbolis per frame in each hop. With 2
symbols per channel, 48 symbols are received for each
channel after 24 hops.

After 48 symbols are accumuiated they are sorted
into a first and second series of symbols shown in FIG.
2 as “A” symbols and “B" symbols with each group
having 24 symbols. Both message and address code
symbols are sorted into 24 symbol code blocks 60 using
a sorting step and apparatus. This process removes the
interleaving previously impressed on the code symbols
as they were transmitted. As can be readily understood
by those skilled in the art, those symbols that were close
in code are transmitted far apart in time which provides
isolation from errors as previously discussed.
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transmit duty cycle during a prese- =-20-

Every blaock of 24 symbols, “A™ or “B"” is decoded
into successive 12 bit blocks 62 using a Golay (24,12]
decoder. The Golay [24,12] decoding step yields 12 bit
blocks of transmitted data. This data will be generated
or received at about 5,000 bits per second as originally
transmitted (before encaoding). The 12 bit blocks of
information now comprise a series of address assign-

. ments or messages depending on which channel! they
were received on.

The output of the address channels 56 comprises 24
bit length information sequences 64 which use !9 bits to
specify a transceiver address within the communication

- system 10 and 5 bits to indicate a channel selection for
receiving 2 message directed to that transceiver. Each
message has an address 24 bit segment associated with it
which is segregated from the message and transferred
over the address channels to flag an appropriate trans-
ceiver.

The output of the message or data channels 58 com-
prises a series of successive 12 bit blocks 68 which com-
prise a header that indicates the type of message, includ-
ing its length, a main body of the message and a series of
checksum bits for error detection. The length of the
incoming message is important so that the transceiver
can properly track the entire message or provide an
indication of error if the entire message is not received.

As previously discussed, it is clearly understood that
address information for a transceiver is sent before the
message is transmitted on a data channel. The amount of
“lead time” for transmitting address information de-
pends on the channel switching speed of the transcetv-
ers as would be known by those skilled in the art. The
address must be provided prior to the message by a time
period equal to this switching time plus some settling
time for the transceiver to properly and accurately
track the designated channel. _

An exemplary transceiver for receiving the commus-
nication signals and providing a message output is illus-
trated in schematic form in FIG. 3. In FIG. 3, a trans-
ceiver 70 is shown for receiving and demodulating com-
munication signals 245 from the Hub 14 and satellite 20.



l,ecteq transmt and receive period, second comu- nication signals to at
| east one of said central com nunication stations, and f justin

transm ssion characteristics of said second comruni cati on
response to said first comruni cation signal detected tran
characteristics, and wherein said second transcei ver nean
conpri ses adj ustment means for adjustimg .said transmt du

The transceiver 70 is connected to the antenna 30
through a diplexer 32 for receiving the satellite down-
link signal 24b which is transferred into a demodulator
72 for demodulation into an encoded symbol stream
(digital message).

The demodulator 72 employs elements known in the
art for down-converting the received communication
signal 245 to a lower IF frequency level and then sym-
bol frequency level (10K symbol bits per second). A
local oscillator and other reference signal sources
would be provided for mixing with the communication
signal 24 along with one or more bandpass filters.

Once the signal 246 is demodulated and decoded it is
transferred to memory storage for accumulation of a
message and other processing steps. The demodulator
72 transfer rate is synchronized with the modulator used
in the Hub 14 or the satellite 20.

Synchronization for the transceiver 70 is accom-
plished by tracking and synchronizing with the fre-
quency hopping pattern of the communication signals.
Once a transceiver has synchronized with the irequency
hopping of the TDM signal frames then the internal !
frame timing is automatically detected as well.

The mobile transceiver or terminal 70 incorporates 2
low cost microprocessor or similar controller 74 for
implementing signal processing, acquisition, and de-
modulation functions. A low noise amplifier 76 and the
conventional down-conversion chain of the demodula-
tor 72, provide a signal to the microprocessor for signal
acquisition, tracking and demodulation. Information
from the demodulator 72 or the microprocessor 74 is
provided to an antenna tracking and pointing controller :
78. .

The antenna 30 is generally swept through a series of
360° arcs by the controller 78, until a signal is detected
from the satellite 20, in the receiver’s frequency range,
above a predetermined threshoid. At this juncture one :
or more tracking and signal processing algorithms are
used to determine the direction of highest signal
strength and the antenna tracks that direction relative to
receiver or vehicle 12 position or movement.
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wherein said fifty percent duty cycle conprises a period o
10-20 m | li seconds. -22.

Many of the individual functions performed by or
under control of the microprocessor 72 are illustrated as
separate elements in FIG. 4 for purposes of clarity.
However, those skilled in the art will readily appreciate
that the functions surrounded by the dashed line 75 can
be performed in a single miniaturized circuit by an inte-
grated circuit microprocessor and related support
chips. This allows implementation in a high reliability,
low cost, low power consumption circuit or using
VLSI technology.

A receiver address storage element 82 is connected to
the demodulator 72 for storing the address assigned to
the receiver 70 and used to determine the presence of a

-message from the satellite 20 or Hub 14. The address
storage element 82 typically comprises a small ROM or
similar memory device connected to the microproces-
sor 74 as indicated by the dashed line identified by the
reference numeral 73. The address can be hardwired
into the microprocessor structure itself such as in the
case of scratch memory, or internal RAM although this
may not be convenient or cost effective in many appli-
cations. In addition, the use of a separats memory ele-
ment allows alteration by service personnel at a future
time where needed.

It is also possible to store the receiver address on a
portable storage element such as a magnetic strip or
cartridge which can be read by a card reader (not
shown) connected to the microprocessor 74. This
would allow individual communications system 10
users to move between receivers which are perma-
nently installed in a variety of vehicles and automati-
cally receive messages without informing a central dis-
patcher of a new receiver location.

Once a receiver address matching that stored in the
address storage 82 is detected, the channel designated
by the corresponding address information is also re-
ceived and registered by the receiver 70. The receiver
70 automatically switches to synchronize reception on
that channel and begins demodulating a message signal.
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[f the antenna fails to track the communication signal
24) at any time during the reception of a message, or
any type of signal failure or blockage occurs, one or
more errors will be detected in signal demodulation and
no message will be displayed. Such errors could include
premature termination of the message before the length,
time, specified in the message header or the failure of
the checksum verification process.

The demodulated communication signal is trans-
ferred to a decoder 80 where Golay decoding occurs.
At the same time, a pseudo-random code source or
other related code storage element 84 provides any
necessary code sequences required to further decode a
received message.

The decoded message bits may be temporarily stored
in a memory element 86 before visually being displayed
by a display element 88. An exemplary display element
comprises a two to four row, twenty to eighty character
wide display unit capable of running from relatively
low current. The individual segments of the display can
comprise LED, LCD, electroluminescent, or discharge
element type character displays. Consideration must be
given to the brightness generally required in a vehicle
environment to prevent undue distraction of a drivers
attention.

The display unit 88 should be as compact and light-
weight as possible so that it can be mounted in an easily
viewed location. In addition, the display can incorpo-
rate a message ready indicator or message error indica-
tor so that the receiver users know that a message was
sent,

Alternatively, the message can be interfaced to other
processing elements, such as a portable computer,
through an interface device or connector 92 or printed
out by a hard copy device 90, such as a small thermal
printer.

What has been described to this point is the forward
link which provides-the advantage of delivering mes-
sages to a large number of users in almost any location,
metropolitan or rural, throughout the country with
high reliability and relatively low cost.
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However, the communication system 10 offers the
added advantage of a return communication link so that
short responses can be made to received messages
where desired.

For the return link each transceiver or mobile termi-
nal uses a low power signal on the order of 1 Watt and
an antenna gain of about 19 dBi for a transmit power of
19 dBW. The return link is transmitted at a higher fre-
quency than the forward link to decrease interference.
The frequency chosen is in the typical sateilite Ku band
transponder range between 14-14.5 GHz. However, as
before other frequencies can be employed for this re-
turn link. :

The return link communications signal 28a uses a
frequency hopped waveform similar to the forward link
but takes advantage of typically slower data transfer
rates occurring from a mobile communications termi-
nal. That is, return messages or data are not going to be
entered into a local terminal at high speeds where a
terminal operator is manually responding to a message.
Where acknowledge and other prestored signals are
used they are adjusted to a slower bit rate to comport
with the siower manual entry mode.

Since data is typically provided on the return link at
slower rates on the order of 100-140 bps maximum, and
more typically 22-438 bps, the frequency hop rate needs
to be decreased on the return link in order to allow
sufficient dwell time for each channel to transmit the
data. To transfer Golay {24,12] encoded data this be-
comes 280 symbols per second. Therefore, the forward
link rate of 200 frequencies per second should be re-
duced to about 60 frequencies per second.

Messages being input to the transceiver 70 are sub-
jected to a rate §, k=9 forward error encoding convo-
lutional code. '

The small, portable and directable antenna 30 typi-
cally has a beamwidth on the order of 6~-10°, which is
wide enough to encounter more than one satellite.
Therefore, steps are taken to provide a return link
waveform that does not interfere with existing services
on adjacent satellites.
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A direct sequence spread spectrum coding function is
applied to the return transmission to spread the signal
out over the transponder bandwidth and make the com-
munication signal 28a appear as relative noise to adja-
cent services. For this application a short direct se-
quence pseudo-random code is used. This code is typi-
cally applied to a direct digital synthesizer or similar
modulated frequency driver.

In the alternative, or in addition, either the forward
or return link communication signals are modified by
modulation with a special modulation waveform that
disguises the signal to other services.

All satellite communication services are currently

"configured to detect and prevent interference by stan-

~dard video data or signals since a majority of satellite
usage is for television and video type broadcast trans-

- fers. Therefore, all satellite services, video or otherwise,
must be able to detect and isolate video signals which
are transmitted employing 2 triangular wave form of
modulation. In the present invention, this general wave-
form is mimicked so that other systems perceive com-
munication signals 24 or 28 as video signals which are
ignored. This is accomplished by modulating the RF
carrier center frequency for the Hubs 14 or transceivers
70 with a triangular waveform baving a 2 MHz peak to
peak amplitude and 2 period of 30.24 milliseconds. This
causes a triangle wave power dispersal so that the for-
ward link has the same interference characteristics as a
single video carrier saturating the transponder so that
no unacceptable interference is generated for satellites
adjacent to or within 2° from the satellite 20. The triang-
ular modulation can be implemented by altering the’
characteristics of a DDS output which will accurately
track a triangle wave and yet transfer more information
than a true video signal. To facilitate frequency coordi-
nation, the ceater frequency is fully synthesized at the
Hub and mobile terminals and can be placed anywhere
within the transponder, after informing the transceivers
of the new center frequency.

While interference by the transceiver 70 with other
services has been discussed, this is not the only restric-
tion on optimum operation. The transceivers 70 must
also be able to quickly and reliably acquire the Hub 14
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or satellite 20 transmissions and continue to track them
while moving. In addition to interference from other
systems, the transceivers 70 face interference and loss of

.. signal due to a variety of inherent impediments for
mobile communications, including Doppler effects,
frequency fading, etc.

The present invention counters many of these prob-
lems by assuming that there may be significant changes
in the transmission capability of the communication
system 10 on a very short time scale, interpreting any
change to altered environmentai conditions. and adiust-

ing for such changes. Each transceiver 10 monitors the
quality of or results of communication with the Hub 14
and periodically adjusts operational parameters to main-
tain or improve communication links accordingly.

This is implemented in the present invention by oper-
ating all transceivers in an alternating half-duplex trans-
mission/receive scheme. Transceivers are operated in a
half-duplex mode with transmissions done at a 50 per-
cent duty cycle to allow for continued antenna trackmg
and error correction based on received downlink sig-
nals.

If at any time the downlink signal is lost then trans-

-mission also terminates to assure that unacceptable in-
terference is not generated.

If the signal is lost, as previously stated, any partial
message is deleted from memory and not present for
dispiay. However, another key criteria is that if there is
no downlink then the transceiver uses this information
to recognize that there is no uplink. Actually an uplink
may be possible and the error could be in the receiver
only. However, the system assumes that without a
downlink the uplink information is either not being
received or is no longer needed. In any case, the trans-
mitter function is terminated if the receiver link is termi-
nated for any reason.

This provides a very good safety feature for commer-
cial applications of the transceiver 70. If the reception
were to be interrupted for any reason, including a per-
son interfering with reception by stepping in front of or
otherwise traversing the antenna path, then within a
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fraction of a second all transmissions from the antenna
are terminated. Therefore, no radiation damage of any
significance nor hazardous exposure can ever occur for
the transceiver of the present invention making it ideal
for broad distribution in a commercial (mobile) commu-
nication system. -

The transceiver 70 is normally configured to be in 2
receive mode whersin it monitors an assumed sateilite
position or general horizon locking for a signal for

. incoming communications signals. This initial signal

acquisition occupies the full duty cycle of the trans-
ceiver. Once a signal is detected, tracked, and acquired,
the transceiver operates on the 50 percent duty cycle.
Each half cycle is a very short period of time on the
order of 15 milliseconds.

After signal acquisition, the transceiver 70 synchro-
nizes with the forward link FH pattern and rate and
switches to the correct channel frequency for receiving
either channel address or a message:. Then, every 15
milliseconds the transceiver 70 switches to the return
link FH rate and pattern for a period of about 15 milli-
seconds. However, the transceiver does not transmit
until or unless requested to do so by the Hub 14 or
management center 18. This assures that the Hub is
prepared to receive the message and that there are no
higher priority tasks in progress, including receipt of
high priority emergency messages or alternate system
10 operating data. Also, polling controls the number
and frequency of receivers to regulate interference at all
titnes.

The transceiver 70 then returns to the receive mode
and continues to demodulate and decode messages, if
any, and so forth.

This alteration between send and receive on a peri-
odic and short term basis provides the transceiver 70
with several operational advantages.

First, the transceiver monitors the power level and
characteristics of received signals everv 15 milliseconds
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and detects substantial changes. The hub and mobile
transceiver must agree well enough in terms of fre-
quency to allow the transceiver to acquire and track the
forward link signal. The transceiver will search +/—18
KHz about the nominal specified frequency.

There are several possible sources of error. The hub
14, satellite 20, management center 18, and transceiver
70 all have internal reference oscillators for establishing
transmission frequencies employed. Each of these refer-
ences can drift and cause frequency errors. The orbital
relay satellites can cause small frequency errors during

translation of the communication sxgnals between up

‘and down link frequencies. The transceiver 70 reference
oscillator may drift and is subject to temperature
change induced variations.

In the communication system 10 the Hub employs a
Forward Link Processor (FLP) which adjusts transmis-
sion frequencies to correct for some of the possible
errors listed above. First, however, the error in the Hub
reference oscillator is assumed to be too small to mea-
sure. This is generally justified due to the fixed nature of
the Hub facility and the heavily controlled environment
and periodic maintenance such a facility undergoes.

Satellite translation error is measured and corrected
by using a reference receiver at the Hub and using a
testing or control pattern of information between the
Hub and the reference receiver through the satellite.
The FLP sends commands to the satellite to adjust the
translation frequencies to match what the Hub trans-
mits. Any residual error, say from the control signals, is
also assumed to be too minimal to have an impact on
communication quality.

The transceiver oscillator drift is corrected by the
transceiver according to a long term software program
that assumes certain drift characteristics for the trans-
ceiver oscillator. Therefore, temperature drift is the
largest reference error and it is corrected by compari-
son to the other references using the communication

signals.

et
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With the reference sources adjusted, the transceiver
assumes initial frequency variations in signals are due to
initial frequency tracking and synchronization misalign-
ment. However, once a signal is acquired the receiver
assumes that ail variations are due to receiver position-
ing relative to the relay satellite or similar non-internal
frequency problems. Therefore, the receiver assumes
that antenna pointing and tracking must be adjusted
when the overall power level of a signal decreases (as
when a corner is turned) and that variations in fre-
quency tracking are caused by Doppler effects which
must be countered. That is, variations in received fre-
quency are assumed to be caused by changing charac-
teristics of the communication link itself and not the
-error sources discussed above, which have been cor-
rected. This means that errors in tracking frequency are
attributed to Doppler shifts from vehicle travel and the
frequency of both the receive and transmit functions of
the transceiver are adjusted to accommodate this shift.
Since the signal is constantly monitored on a short term
basis, the present invention provides improved tracking
and Doppler compensation.

Another advantage of the alternating half-duplex
technique is that the transceiver does not need a full
compliment of circuitry to handle both functions. That
is, several circuit elements can be shared between the
two functions since they are separated in time. Elements
such as the antenna, antenna and related circuit feed
cables, certain bandpass filters, and the transceiver local
oscillators, can be shared between the transmit and
receive functions if configured appropriately.

In the present invention the transmit and receive
frequencies are chosen to be within the preferred Ku or
11.5 to 14 GHz bandwidth as disclosed above. How-
ever, to achieve these extra high frequencies, one or
more up-conversion stages or IF mixing stages are re-
quired in the transceiver 70 circuitry. It has been found
that a series of desirable uplink and downlink or for-
ward and return link frequencies within the specified
bandwidth and frequency hop scheme can be chosen so
that they are separated by a very narrow margin in the
intermediate IF stages and a common tunable local
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oscillator can be employed for both the transmit and
receive function. :

The result is that fewer components are required
which reduces cost, increases speed and reliability
(switching speed) and very importantly, decreases
power consumption and size of the transceiver.

A schematic diagram of a transceiver 70 analog
modulation/demodulation section 100 operating ac-
cording to the principles of the present invention is
illustrated in FIG. 4. In FIG. 4, 2 modulator/demodula-
tor 100 is shown having a Fine frequency synthesizer
102 and a Coarse frequency synthesizer 104.

The coarse frequency synthesizer or Local Oscillator
(L.0.) 104 represents a source of high to extra high
frequency signals which is generally tunable over a
broad range of interest in large steps on the order of 2-5
MHz each. An exemplary coarse oscillator for use in
the present invention is a Phase Locked Loop (PLL)
type oscillator generating output signals at frequencies
on the order of 652-1175 MHz. in steps of 2.5 MHz.
(652.5, 655, 657.5,...)

The fine frequency synthesizer or oscillator 102 pro-
vides a finely tunable source of frequency with very
low noise and is tunable over a smaller frequency range
and or in smaller discrete steps. The fine frequency
synthesizer 102 can comprise one of several frequency
sources that provide a high accuracy, high resolution

- output in the frequency range between § to 20 MHz
with direct digital synthesizers being preferred. An
exemplary circuit for an advanced digital synthesizer
useful in the present invention is disclosed in U.S. patent
application Ser. No. 07/145,789 filed Jan. 19, 1988 now
U.S. Pat. No. 4,905,177, issued Feb. 27, 1990, and as-
signed to the same assignee as the present application.

In FIG. 4 a single reference frequency source 106 is
shown for use with the PLL of the coarse synthesizer
104, the fine synthesizer 102, other elements in the
modulator/demodulator 160 and other oscillator and
processing stages for the transceiver 70. This provides a
system wide, synchronized reference or clock source
which improves signal to noise ratio and allows simpli-
fied system wide synchronization with other system
where desired. An exemplary reference source 106
provides a reference signal at 10 MHz from a highly
stable reference source such as a rubidium standard.
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Communication signals received from the hub 14 are
received on the antenna 30 and transferred through an
up/down converter 108 and through 2 band pass filter
110 to a power splitter 112. The power splitter 112
exhibits 2 3 db separation and is used to redirect re-
ceived signals along a different internal processing path
from the transmit signals and transfer them to a demod-
ulation portion of the transceiver 70.

Incoming or received communication signals 245 are
first mixed with the output of the coarse synthesizer 104

to down convert them to a lower IF frequency in the
range of 250%=7 MHz. This is accomplished using a
signal mixer 114 which uses the communication signal

_as one input and the output of the coarse synthesizer 104
as a second input. The output of the mixer 114 is filtered
by a band pass filter 116 to remove unwanted frequency
components added to the down-converted communica-
tion signal by the mixer 114.

The output of the band pass filter 116 is transferred to
a second mixer 118 which has the output of the fine
synthesizer 102 as one input. The mixing of these two
signals provides a final IF frequency signal in the
2020 MHz range.

The output of the mixer 118 is transferred through a
crystal filter 120 to the microprocessor 74 and subse-
quently decoded and displayed as a message for the
transceiver 70.

When a transceiver 70 user has input a message
through the display unit 88 or similar input means it is
encoded and transferred into the modulator/demodula-
tor 100 by modulating the input of the fine synthesizer
102. This is easily accomplished using direct digital
synthesizer technology as understocod by those skilled in
the art. The output of the fine synthesizer 102 is applied
to one input of 2 mixer 122 and the output of the coarse
synthesizer 104 is applied to a second input of the mixer
122 t0 generate an intermediate IF frequency. This
generates an output frequency from the mixer 122 on
the order of 9001400 MHz when the coarse synthesizer
104 generates a frequency on the order of 652-1175
MHz and the fine synthesizer 102 generates an output in
the range of 247+7 MHz.

1
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The resulting transmit carrier, complete with modu-
lated message data, is transferred to the up/down con-
verter 108 connected to the transceiver antenna 30. The
bandpass filter 110 filters unwanted frequency compo-
nents from the transmit communication signal as it is
transferred through the splitter 112 to the up/down
converter 108.

The bandpass filter 110 is generally a single section

varacter tuned voltage controlled type filter which
removes local oscillator or synthesizer frequencies and
low frequency images and also allows tuning to other
frequency bands for use in the forward link demodula-
tion. '
- The communication signal is up converted by the
converter 108 to the desired 11.7-12.2 GHz range by
mixing with a 13.1 GHz reference. The up/down con-
verter 108 can be configured as an output channel hav-
ing a power amplifier connected to a diplexer for the
antenna 30 with a mixer connected to a local oscillator
providing the 13.1 GHz mixing reference frequency. On
the return link the up/down converter 108 presents a
second mixer connected to the 13.1 GHz local oscillator
for down converting received communication signals.

What has been described, then is 2 new method and
apparatus for transferring messages between central
communication stations and one or more remote, mo-
bile, transceivers which allows low cost mass produc-
tion of terminal equipment which achieves a high per-
formance level in a variety of interference environ-
ments.

The foregoing description of preferred embodiments
has been presented for purposes of iilustration and de-
scription. It is not intended to be exhaustive nor to limit
the invention to the precise form disclosed, and many
modifications and variations are possible in light of the
above teaching. The embodiments were chosen and
described to best explain the principles of the invention
and its practical application to thereby enable others
skilled in the art to best utilize the invention in various
embodiments and with various modifications as are
suited to the particular use contemplated. It is intended
that the scope of the invention be defined by the claims
and their equivalents.
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CLAIMS

What we claim is: :

1. A communication system for transferring messages
between central communication stations and one or
more of a plurality of mobile terminals through Earth
orbital relay satellites, comprising:

at least one central communication station having

first transceiver means for transmitting a first com-
munication signal in the form of Time Division
Multiplexed communication signals, which com-
prise a series of N channels which are separated
into A address channels and D data channel;

said central communication station further compris-

mg

receiver assignment means for detecting which, of

said plurality of mobile terminals each message is
directed to;
channel assignment means for assigning at least one
channel to each of said messages at a time from said
D channels;

address control means for transferring a terminal
address and an associated channel assignment onto
one of said A channels in response to input mes-

“sages intended for a corresponding terminal; and

message input means connected to said channel as-
signment means for receiving digital messages and
transferring said messages onto said D channels in
response to an assignment from said channel assign-
ment means; and

at least one mobile terminal having second trans-

ceiver means for receiving and demodulating said
first communication signal, and for transmitting at
a predetermined transmit duty cycle, second com-
munication signa!s to at least one of said central
communication stations.

2. The system of claim 1 wherein said central commu-
nication station further comprises:

at least one narrow beam antenna; and

conversion means for converting information 10 be

transmitted to each corresponding terminal into
digital messages at a2 predetermined transfer rate.
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3. The communication system of claim 1 wherein said
predetermmed duty cycle for said second transceiver
comprises a fifty percent duty cycle.

4. The communication system of claim 3 wherein said
fifty percent duty cycle comprises a period on the order
of 10-20 milliseconds.

5. The communication system of claim 1 wherein said
second transceiver means further comprises data modu-
lation means for applying a direct spread spectrum cod-
ing function to message data of said second communica-
tion signals.

6. The communication system of claim 5§ wherein said
at least one central communication station first trans-
ceiver means further comprises modulation means for
modulating a carrier wave with said messages and said
carrier wave is a periodic triangle wave in frequency
with respect to time.

7. The communication system of claim 1 wherein said
at least one central communication station first trans-
ceiver means further comprises modulation means for
modulating a carrier wave with cajid macenaas and caid
carrier wave is a periodic triangle wave in frequency
with respect to time.

" 8. The system of claim 7 wherein said carrier wave
has a center frequency variation on the order of 2 mega-
hertz peak-to-peak and a period on the order of 30.24
milliseconds.

9. A communication system for transferring messages
between central communication stations and one or
more of a plurality of mobile terminals through Earth -
orbital relay satellites, comprising:

at least one central communication station having

transceiver means for transmitting a first communi-
cation signal; and

at least one mobile terminal having second trans-

ceiver means for receiving and demodulating said
first communication signal, and for transmitting at
a predetermined transmit duty cycle, second com-
munication signals to at least one of said central
communication stations, said second transceiver
means having a demodulatot/modulator apparatus,

comprising:
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up/down conversion means for converting received
signals at extra high frequencies to a first prese-
lected intermediate frequency range and for con-
verting signals to be transmitted from said first
intermediate frequency range to said extra high
frequencies;

a tunable band pass filter connected in series with said
up/down conversion means, said tunable band pass
filter eapable of having a preselected band pass
range tuned in response to a control signal;

a power signal splitter connected at a first input/out-
put port in series with said tunable band pass filter;

a first mixer connected at a first input to a second

- input/output port of said signal splitter;

a coarse frequency synthesizer connected to said first
mixer at a second input;

a second band pass filter connected in series with an
output of said first mixer;

a second mixer connected in series with said second
band pass filter and connected thereto at a first
input; -

a fine frequency synthsizu- connected to said second
mixer at a second input;

a crystal output filter connected to an output of said
second mixer;

athxrdmuerconnectedataﬁmmputtosudﬁne
synthesizer and at a second input to said coarse
synthesizer, having an output connected tc a third
input/output port of said power splitter; and
~ transmit modulation means connected to said fine
synthesizer for modulating a frequency input
thereof in response to transmission of desired mes-
sage signals.

10. A communication system for transferring mes-
sages between central communication stations and one
or more of a plurality of mobile terminals through Earth
orbital relay satellites, comprising:

at least one central communication station having

first transceiver means for modulating a carrier
wave of preselected frequency components with
said messages and for transmitting a resulting signal
as a {irst communication signal: and
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at least one mobile terminal having second trans-
ceiver means for receiving, demodulating, and
detecting transmission characteristics of said first
communication signal, and for transmitting at a
predetermined transmit duty cycle during a prese-
lected transmit and receive period, second commu-
nication signals to at Jeast one of said central com-
munication stations, and for adjusting transmission
characteristics of said second communication sig-
nals in response to said first communication signal
detected transmission characteristics, and wherein
said second transceiver means further comprises
data modulation means for applying a direct spread
spectrum coding function to message data of said
second communication signals.

11. The communication system of claim 10 wherein
said predetermined duty cycle for said second trans-
ceiver means comprises a fifty percent duty cycle.

12. The communication system of claim 11 whersin
said fifty percent duty cycle comprises a period on the
‘order of 10-20 milliseconds.

13. The communication system of claim 10 wherein
said at least one central communication station first
transceiver means transmits Time Division Multiplexed
communication signals which comprise a series of N
channels which' are separated into A address channels
and D data channels.

14. The communication system of claim 10 wherein
said data modulation means is forther for modulating
said spread spectrum coded message data upon a fre-
quency hopped carrier wave.

15. The communication system of claim 14 wherein
said at least one central communication station first
transceiver means further comprises modulation means
for modulating said carrier wave with said messages
and said carrier wave is a periodic triangle wave in
frequency with respect to time.

16. The communication system of claim 15 wherein
said carrier wave has a center frequency variation on
the order of 2 megahertz peak-to-peak and a period on
the order of 30.24 milliseconds.
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17. The communication system of claim 15 wherein —
said second transceiver means further comprises adjust-
ment means for adjusting said transmit duty cycle to
zero when said first communication signal reception
degrades below a desired level

18. The communication system of claim 10 wherein

said at least one central communication station first
transceiver means further comprises modulation means
for modulating said carrier wave with said messages
and said carrier wave is a periodic triangle wave in
frequency with respect to time.
- 19. The communication system of claim 18 wherein
said carrier wave has a center frequency variation on
the order of 2 megahertz peak-to-peak and a period on
the order of 30.24 milliseconds.

20. The communication system of claim 10 wherein
said second transceiver means further comprises adjust-
ment means for adjusting said transmit duty cycle to
zero when said first communication signal reception
degrades below a desired level -

21. A communication system for transferring mes-
sages between central communication stations and one
or more of a plurality of mobile terminals through Earth
orbital relay satellites, comprising:

at least one central communication station having

first transceiver means for modulating a carrier
wave of preselected frequency components with
said messages and for transmitting a resulting signal
as a first communication signal:

at least one mobile terminal having second trans-

ceiver means for receiving, demodulating, and
detecting transmission characteristics of said first
communication signal, and for transmitting at a

predetermined transmit duty cycle during a prese-

lected transmit and receive period, second commu-

nication signals to at least one of said central com-

munication stations, and for adjusting transmission

characteristics of said second communication sig-

nals in response to said first communication signal

detected transmission characteristics; and
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wherein said at least one central communication sta-
tion first transceiver means further comprises mod-
ulation means for modulating said carrier wave
with said messages and said carrier wave is a peri-
odic triangle wave in frequency with respect to
time.

22. The communication system of claim 21 wherein
said carrier wave has a center frequency variation on
the order of 2 megahertz peak-to-peak and a period on
the order of 30.24 milliseconds. .

23. The communication system of claim 21 wherein
said predetermined duty cycle for said second trans-
ceiver means comprises 3 fifty percent duty cycle.

24. The communication system of claim 23 wherein
said fifty percent duty cycle comprises a period on the
order of 10-20 milliseconds.

25. The communication system of claim 21 wherein
said at least one central communication station first
transceiver means transmits and receives Time Division
Multiplexed communication signals which comprise a
series of N channels which are separated into A address
channels and D data channels.

26. A communication system for transferring mes-
sages between central communication stations and one
or more of a plurality of mobile terminals through Earth
orbital relay satellites, comprising:

at least one central communication station having

first transceiver means for modulating a cammier
wave of preselected frequency componeats with
said messages and for transmitting a resulting signal
as a first communication signal; and

at least one mobile terminal having second trans-

ceiver means for receiving, demoduiating, and
detecting transmission characteristics of said first
communication signal, and for transmitting at a
predetermined transmit duty cycle during a prese-
lected transmit and receive period, second commu-
nication signals to at least one of said ceatral com-
munication stations, and for adjusting transmission
characteristics of said second communication sig-
nals in response to said first communication signal
detected transmission characteristics, and wherein
said second transceiver means further comprises
adjustment means for adjusting said transmit duty
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cycle to zero when said first communication signal
reception degrades below a desired level.
27. The communication system of claim 26 wherein
said predetermined duty cycle for said second trans-
-ceiver means comprises a fifty percent duty cycle.
28. The communication system of claim 27 wherein
said fifty percent duty cycle comprises a period on the
order of 10-20 milliseconds.
29. The communication system of claim 17 wherein -
said at least one central communication station first
transceiver means transmits and receives Time Division
Multiplexed communication signals which comprise a
series of N channels which are separated into A address
.channels and D data channels.
- 30. A methad of transferring messages between cen-
tral communication stations and one or more of a plural-
ity of mobile terminals through one or more Earth orbi-
tal relay satellites, comprising the steps of:
modulating a carrier wave comprising preselected
frequency components with said messages to form
a first communication signal;

transmitting said first communication signal from at
least one central communication station through
said sateilites;
receiving and demodulating said ﬁrst communication
signal at said one or more mobile terminals with a
transceiver to produce at least one message;

tracking and substantially locking onto locations of
said satellites using said first communication signal
during reception;

directing signal transmission from said transceiver to

said satellites according to acquired tracking infor-
mation for signal reception direction; and

transmitting at a predetermined transmit duty cycle, a

second communication signal from said transceiver
to said central communication stations through said
locked on and tracked satellites.
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31. The method of claim 30 further comprising the
steps of dynamically adjusting a period of said transmit
duty cycle is in response to transmission characteristics
of said first communication signal; and

adjusting said transmission duty cycle to zero when

said first signal reception degrades below a desired
level.

32. The method of claim 30 wherein said step of mod-
ulating said carrier wave further comprises the steps of:

providing digital message data;

providing a carrier wave triangular in frequency with

respect to time; and

wherein said carrier wave is modulated with said

_ digital message data.
33. The method of claim 32 wherein said carrier wave
has a center frequency variation on the order of 2 mega-
hertz peak-to-peak and a penod on the order of 30.24
milliseconds.
34. The method of claim 30 wherein said step of trans-
mitting said second communication signal comprises the -
steps of:
providing digital message data;’
modulating said digital message data with a direct
spread spectrum coding function to producc a
spread spectrum data signal; and :

modulating a transceiver carrier wave with said
spread spectrum data signal. -

35. The method of claim 34 further comprising the
step of hopping the frequency of said second communi-
cation signal in a predetermined pattern at a predeter-
mined rate.

36. The method of claim 30 wherein said preselected
frequency components comprise frequency hopped
carrier frequencies.

37. The method of claim 30 wherein said predeter-
mined duty cycle comprises a fifty percent duty cycie.

38. The method of claim 30 wherein said carrier wave
modulation steps further comprises the step of format-
ting said first.communication signal as a Time Division
Multiplexed communication signal, which comprise a
series of N channels which are separated into A address
channels and D data channels.

i




at’ | east one mobile term nal each having second trans- - ceiver neans for,

recei vi ng
first com
conmuni cat i

orl IEHATROE A

correspondi ng bne oft sdlidsnobile term nals,
and tansnig

ot her ones of said nessages,
nmessages as a second conmuni cation sign

' lon- tion signal,
roviding fromsaid denodu-
nes of said nmessages i ntende

spread spectr
Lbng said spread s
“to at |east one

denodul at

| ! !
aggﬁtﬁﬁﬁﬂﬁéﬂ‘ SHEET

bd e

imimgdyl ak hNGag
De ?gﬁhmhbduTéfe

A

39. The method of claim 38 further comprising the
.steps of:
detecting which of said plurality of terminals each
message is directed to: '

assigning at least one channel to each of said messages

at a time from said D channels;

transferring a terminal address and an associated

channel assignment onto one of said A channels in
response to input messages intended for a corre-
sponding terminal; and

receiving digital messages and transferring said mes-

sages onto said D channels in response to a current
channel assignment for each message. '

40. The method of claim 30 further comprising the
steps of:

converting information to be transmitted to a central

station into a digital message at a predetermined
transfer rate; and -

transferring said second communication signal

through at least one narrow-beam antenna to at
least one of said satellites. )

41. The method of claim 30 wherein said second
transceiver demodulating and modulating steps com-
prise the steps of: ' ,
. converting received first communication signals at

extra high frequencies to a first preselected inter-
mediate frequency range during predefined recep-
tion periods;

filtering intermediate range frequency signals with a ;

tunable band pass filter capable of having a prese-
lected band pass range tuned in response to a con-
trol signal;
generating a predetermined coarse carrier frequency
component with a coarse frequency synthesizer; |

mixing received first intermediate frequency range
signals with said coarse carrier tc produce second
intermediate range signals;

generating a predetermined fine carrier frequency

component with a fine frequency synthesizer; :
mixing received second intermediate frequency range
signals with said fine carrier to produce a receiver
- output signal;
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modulating an output frequency for said fine fre-
quency synthesizer with message signal data during
predefined transmission periods to produce mes-
sage signals at third intermediate frequencies;

mixing message signals to be transmitted with said
coarse carrier frequency components to produce
an intermediate frequency second communication
signal; and

converting second communication signals to be trans-

mitted from said first intermediate frequency range
to said extra high frequencies during said prede-
fined transmission periods.

42. The method of claim 41 wherein said fine fre-
quency synthesizer is modulated with a local oscillator
frequency that is modulated to produce a triangular
varying waveform. :

43. The method of claim 41 wherein said fine fre-

' quency synthesizer is a direct digital synthesizer which

is moduiated with digital message data.
44. The method of claim 41 wherein said fine fre-
quency synthesizer is moduiated with digital message

" data that is first modulated with a direct spread spec-

trum coding function.

45. The method of claim 41 further comprising the
step of filtering said receiver output signal with a crystal
output filter.

46. A demodulator/modulator apparatus for use in
communication transceivers, comprising: up/down
conversion means for converting received signals at
predetermined high frequencies to a first preselected

47. The apparatus of claim 46 wherein said transmit
modulation means comprises carrier means for generat-
ing a periodic carrier trianguiarly shaped with respect
to frequency over time for modulation of said fine syn-
thesizer frequency.

48. The apparatus of claim 46 further comprising
spread spectrum means connected to said fine fre-
quency synthesizer for modulating message data with 2
direct spread spectrum coding function.

d
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49. A communication system for transferring mes-
sages between central communication stations and more
or more of a plurality of mobile terminals through Earth
orbital relay satellites, comprising:

at least one central communication station each hav-

ing first transceiver means for, generating Time
Divisiont Multiplexed data from ones of said mes-
sages, modulating said data upon a first carrier
wave wherein said first carrier wave is a periodic
trianglé wave in frequency with respect to time,
and transmitting said data modulated first carrier
wave as a first communication signal; and

at-least one mobile terminal each having second trans-

- ceiver means for, receiving said first communica-

tion signal, demodulating said received first com-
munication signal, providing from said demodu-
lated first communication signal certain ones of
said messages intended for a corresponding one of
said mobile terminals, spread spectrum modulating
other ones of said messages, and transmitting said
spread spectrum modulated messages as a second
communication signal to at least one of said central
communication stations, said second transceiver
means receiving and transmitting respectively dur-
i:i alternating sequential receive and transmit peri-

S0. The communication systam of claim 49 wherein
second communication signal is a frequency hopped
second carrier wave modulated by said other ones of
said messages.

51. The communication system of claim 50 wherein
second communication signal is a frequency hopped
second carrier wave modulated by direct sequence
spread spectrum coded other ones of said messages. '

52. The communication system of claim 49 wherem
said second communication signal is a second carrier
wave modulated by direct sequence spread spectrum
coded other ones of said messages.
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53. The communication system of claim 49 wherein
said first transceiver means is further for, receiving said
second communication signal, demodulating said re-
ceived second communication signal, and providing
from said demodulated second communication signal
said other ones of said messages from a corresponding

one of said mobile terminals. .
54. The communication system of claim 49 wherein

said second transceiver means transmits at a fifty per-
cent duty cycle.

55. The communication system of claim 54 wherein
said fifty percent duty cycle comprises a period on the
order of 10-20 milliseconds.

56. The communication system of claim 49 wherein
each frame of said Time Division Multiplexed data is
comprised a series of N channels which are separated
into A address channels and D data channels.

57. The communication system of claim 49 wherein
said second transceiver means receives at a one hundred
percent duty cycle until said first communication signal
is received and prior to transmission of said second
communication signal.

58. The communication system of claim 49 wherein
said central communication system generates and trans-
mits mobile terminal response timing information in said
first communication signal, each mobile terminal re-
sponsive to corresponding mobile terminal response
timing information for transmitting said second commu-

nication signal at a respective time.
. T = =  J



said fdfty percent duty cycle corrprl ses a- perl od on the
mlliseconds. 56. The communi cati on- system of claim 49
of said Tine Division Miltiplexed data is conprised a s
which are separated into A address channels and D data
comuni cation system of claim49 wherein said second tr
receives at a one hundred percent duty gécl e until said
signal is received and prior to transm ®sTon of said se
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‘A message communication system employing one or
more ceatralized communication stations transferring .
messages through Earth orbit repeater satellites to or
from mobile terminals with at least one central commu-
nication station having a first transceiver for transmit-

' ting a first communication signal to one or more mobile

- terminals and at least one mobile terminal having a
second transceiver for receiving the first communica-
tion signal and demodulating it, and for transmitting at
a predetermined duty cycle of the second transceiver, a
second communication signal to at least one of the cen-
tral communication stations. The preferred duty cycle

- gver which the second communication signal is trans-
mitted is about fifty percent of the second transceiver
duty cycle. The communication system uses Time Divi-
sion Multiplexed (TDM) communication signals using a
number of channels as designated address channels with -
_the remainder being used for data transfer. Information
transmitted on the address channels is used by terminais

" to determine both the presence of a message and its
corresponding data transmission or reception channel.
‘In addition the terminals use the reception of the first
communication signal to adjust return link transmission
frequency to compensate for transmission path errors.
The alternating duty cycle allows mobile terminals to
use a singie set of local oscillators for both transmission
and reception modes of operation. To decrease interfer-

" ence with other systems the present system employs a
power dispersal modulation function to achieve the
footprint of 2 video signal for high transfer rate digital

communication signals.




communiccati on signal. 58. The communi cation system of claim49 wherein said
central communication system generatesiand trans- nmits nobile term nal
response timng information in said first conmunication signal, each nobile
termnal re- sponsive to corresponding nobile term nal resperse-~iining

information for transnitting said second commu- nication s| REFLABEMENT SHceT
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