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)
MULTIPLEXED ADDRESS CONTROL IN A TDM COMMUNICATION SYSTEM
BACKGROUND OF THE INVENTION

5 Field of the Invention
The present invention relates to communication systems
and more particularly to telecommunication systems employing
central message transmitting stations and Earth orbit relay
satellites to send messages to mobile receivers. The
10 invention further relates to a method and apparatus -for
transferring messages to one or more of a plurality of
receivers using narrowband, multiplexed, receiver addresses
and channel assignments to reduce signal demodulation
requirements for each receiver.
is
‘Background of the Art
- There is an ever increasing need for a variety of
half-duplex communication systems to provide message
delivery or brief transfers of information from a central
20 control station to a multiplicity of remote system users.
' There are a substantial number of commercial, governmental,
and private applications requiring the delivery of messages
to a large number of geographically dispersed terminals, or
mobile receivers, often on an irregular basis. Applications
25 for message services include such diverse uses as government
sexvices (military, law 'enforcement, legislative) where
secure communications are desired, forestry services,
disaster relief or coordination, and commercial transport or
message delivery services.
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The present invention relates to comunication systems and nore

parti opicpgdmessa t el ecommuni cation systenms enpl oying central PETPOS88/04623
transmtting sta- tions and Earth orbit relay satellites to send nmessag-
to nobile receivers. The invention further relates to a nmet hod and
apparatus for transferring nmessages to one or nore of a plurality of
receivers using narrow band, multiplexed, receiver addresses and channel
assignnments to reduce signal denodul ation require- nments for each receiver.
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where dispatchers wish to communicate short messages to
trucks located anywhere in continental u.s. Presently such
communication is restricted to periodic telephonic
communications between drivers*and a central dispatcher or
contact person. Currently, truck drivers must call 1long
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 "Ycall 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 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 télephone, and portable
radio transceivers (CB) are all capable of providing some
form of. communication between a mobile receiver and a base
unit. However, these communication systems suffer frdm
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
reuse across an array of cells to increase capacity, with
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hal f - dyat g57068887uni cation systems to provide nes- sage del i VECY/USSSD4623
transfers of information froma central control station to a multiplicity
of renpte sys- tern users. There are @3Substantial nunber of com nercial,
governnmental , and private applications re- quiring the delivery of nessages
to a | arge nunber of geographically dispersed termnals, or nobile receiv-
ers, often on an irregular basis. Applications for nmes- sage services

i ncl ude %ﬁ?g diwgnse HEEEng> 20 BRI EPghsRRd e (Fahglh o 2fhcrease

enforce | egi'sl ative ere secure conmuni cations a desire orestry
servi cesfreguesicar meuse oandogiefiure i bhtexdensmees - cHawavenspothese

Teoonoe JEHELS bR EPansmissIIY APEP! fiord'*! YEBNE"® £d" FPLGhBncy
selective fading and signal blocking and require highly
5 mobile uéers to freguently changi channels as new cells are
traversed. These systems are also prone . to sudden
communication loss when no channels are available in a new
cell. o
Cellular systems economically serve large metropolitan
10 areas but leave many urban and most rural areas without any
service or direct coveragef Messages for these areas are
switched to conventional telephone or satellite carriers for
long distance transfers. |
Direct communication, non-cellular, using traditional
15 mobile radio transceivers alsoc requires constant monitoring
of a variety of frequencies all of which are crowded with
existing traffic. These services, like cellular telephone,
are subject to <fregquent system overload and signal
_ degradation from several interference sources which makes
20 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
-satel;ites are proposed increasingly as the new approach to
25 solve hany communication problems, especially coverage of
geographically diverse, low user density or rural areas.
Several systems have been developed to operate through
orbital relay satellites and central communication stations.
Examples of such systems are found in U. S. Patent Nos.
30 4,455,651 and 4,744,083,
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er spatchers wish to comunicate short nessages
&f‘éﬁe in continental P?rlbtsg%ﬁﬂ:%

, such conmunication is restri¥ted to periodic tel ephonic
tions between drivers and a central dispatcherorcontact person.
, truck drivers nust call |ong distance frommany re-

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 receiver antennas on the order of
4 feet or more in diameter, which eliminates mobile
applications. In addition, current satellite systems must
contend with low data transfer rates which limit the number
of users and amount of data transferred. Otherwise,
tracking and demodulating a high data rate satellite signal.
requires very high speed, complex and expensi#e, receivers
that consume a 1lot of power for signal scanning and
processing even when not receiving messages.

What is needed is a communication System that allows
continuous delivery of hessages as well as related
communication parameters or control information to a 1large
number of users over a ;argé geographical area. The systen
also needs to be cost effective, simple to - operate,
maintain, and install, and minimize antenna requirements.

SUHHARY OF 'I‘HE INVENTION )
With the above problems of the art in mind it is a
purpose of the present invention to provide a waveform or
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 technigue which allows
an inexpensive mobile receiver with a very small Aantenna
suitable for use on a moving vehicle, to receive and
transmit data reliably using a satellite repeater.
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not e ﬂ@ | ocations to retrieve nessages or to updat e pierU&8R)04628

pi £k-up sc es. Fbmever it is hard, if not inpossible, for drlvers to
consistently 'call in" at flxed, scheagled ti mes since tel ephone servic-
es:=are notalways readily available in many areas. The conventional "cal

I n" approach al so creates account- ing problens and nmaj or personal

I nconveni ence by requiring vehicle drivers to use noney or charge cards for
| ong di stance qald s @toshést purpakecodst tthenimhent honupdated passaiybe ora

7190 SD R AT B0, Fifsng pefBic N EEVEH MUl SRR
mar ket Ragire fierdedphyoneasceflumaare in signal processing chips of the
VLSI type and in microcomputers.
5 One advantage of the present invention 1is a high
performance, cost effective, and flexible implementation.

Another advantage is that the present invention
providés a modulation and coding scheme that allows mass
production of circuits and modules to be used for the

10 remaining analog functions for the mobile terminals.

An object of the invention is to allow flexibility in
the data transfer rate so that receivers of differing
transfer rates or capabilities are efficiently accommodated.

Yet another advantage of the system that results from

15 this 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

20 messages from central communication stations to one or morxe
mobile receivers through Earth orbital relay stations using
Time Division Multiplexed communication signals, by
employing at least one central communication station having
a transmitter producing a TDM communication signal which

25 comprises N serial channels, with D data channels, for D <
N, used exclusively for transmission of message data and A
address channels, where A = N - D, used for transmission of
address information in the form of receiver addresses where
messages are designated to be sent from the station and

30 corresponding data channels on which the message is
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t el ephone,- and portable radi o transceivers (CB) are all capable_ of

provi dwmyss/06884f or m of communi cation between a nobile recei WETINSE8 04623 e
unit However, these communication systérs suffer from several drawbacks and
have proven inadequate as nessage communi cation systems for serving a large
nunber of w dely di spersed users. Current nobil e comunication services
operate on a limted nunber of high frequency, |ow data rate, channels and

ol T ul ar” EEREETIARR o3 EFPhETERD) SELMA dnphBYY, S PERaMSEs
i ncrease gapacidt wadidss ecitannel s hadi 33 daditorer tReASATSsCHRMMMGR- t 0
' ncrease frequ%%a/ré%ﬁ§%al communication station employs a receiver
assignment device which determines the receiver  each
5 message is directed to and a channel assignment device for
assigning each message to at least one of the data channels
for transmission. An address controller transfers one
receiver address and an associated channel assignment onto
one of the address channels in response to input messages
10 intended for each receiver. Alternatively, a plurality of
receivers are designated where a message is intended for
several receivers in the system. A message input control
device is connected to the channel assignment device and
receives digital messages and transfers them onto designated
15 data channels in response to an assignment from the channel
assignment device at a rate of one message per channel. 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
20 applies Golay[24,12] block coding to the digital messages
prior to transmission and appiies -a corresponding
Golay{24,12] block decoding process to resulting symbol data
when received. The Golay coding generates 2 digital symbols
for each data symbol resulting in a channel transmission
25 rate on the order of 10,000 symbols per second. In
addiﬁion, a checksum computation is performed on input
digital messages with a series of bits being added to the
" end of the message for checksum verification by  the

receiver.
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and rec{g&f ference. However, these |ower power transm Spr@RIsER)6462B" €
prone t ncy selective fadlng and _si gnal bl ocking and require highly
nobil e users to frequently change chanfidl's as new cells are traversed.
These systens am al so prone to sudden comuni cation | oss when no channel s
are available in a new cell.

In further aspects of the invention, the operating
frequency of the TDM communication signal 1is frequency
hopped on a predetermined periodic basis over a preselected
numpber - of frequencies to decrease the power density of the

5 communication signal.

Each message has a predetermined maximum bit length.
The ratic of the number of address channels to data channels
is approximately equal to the ratio of the number of digital
bits used to define a receiver address and channel

10 designation to the number of bits used to define each.of'the
message. Digital message signals are generally padded with
zeros where necessary to have predetermined transmission
lengths.

The c¢entral communication station uses a . conversion

15 means to convert incoming message information 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 communication signal. The
transmitter is connected to at least one narrow-beam antenna

20 which directs communication signals to a preselected with
orbiting relay satellite.

The communication system of the present invention uses
mobile receivers having small, portable, directable, narrow-
beam antennas connected to a demultiplexer and other means

25 for detecting, demodulating, and decoding the TDM
comrunication signal to receive message data. The receiver
demultiplexes and demodulates the communication signal at a
rate only of 1/N times the transmission rate when receiving
data. An address storage means records and stores a

30 preassigned address used exclusively for that receiver.
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Cel lul ar systems econonically serve large net- ropolitan ar @ g e
many W®88/04884 npst rural areas without any service or dlreggﬁz s § @ﬁ
Mes- sages for these areas are switched To conventi onal t el ephone or

satellite carriers for long distance trans- fers Di rect conmuni cation
non-cel lular, using.tradi- tional nobile radio transceivers also requires

con- stant nDnltorlng of a variety of frequencies, all of which are crowded

with exISAungdnaﬁivelthEBe addriess etotage can Etone|sypsoen, our elass

o ot ok daledinn] BRI, AR agh et il Lhaniag i
reprogrammed according new address assignments
transmitted from a central communication facility.

5 when an adéress assignment is received along with an
associated data channel designation, the - receiver is
automatically adjusted by a channel selector to only receive
and demodulate the designated data channel portion of the
communication signal. Coded data received on the designated

10 channel is demodulated, decoded where necessary, and
transferred to a message display device for displaying the
message in wvisual form, as a series of alphanumeric
characters on a display screen. Alternatively, a small
print out such as by a small thermal printer can provide

15 hard copies of messages for later reference.

If reception of the communication signal is lost prior
to completion of the message or the messaée reaches a
natural termination point, the channel selector
automatically readjusts the receiver to demultiplex the

20 communication signal and demodulate address channels.

BRIEF DESCRIPTION OF THE DRAWINGS

The novel features of the present invention may be
better understood from the accompanying description when
25 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;
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hand! i wg039)0s88%k vol ume of traffic. These transceivers al so RGUR/SB8/EH23
ramnge i nposed by the need to prevent ingerference with other conmunication
syst ens. Communi cation systens based on Earth orbital relay satellites
are proposed increasingly as the new approach to solve many conmuni cation
probl ens, especially coverage of geographically diverse, |ow user density
or rural areas. Several systens have been devel oped to_operate through

orbital relay sESSUWS jt%es HHPSERRTISF cBAMAYICRtiITHh Sfat FBRS. TERRR ANDf

such -syst egraahelf owid 4 ip1éx Shg Ret esbomianich tidn 65igrats4uBRd 94 the

However, the h |OM/ nterference require- nents inposed on such
syst ens. e§§§gF% P%a FEqUE 1;

Figure 3 illustrates an overview of the channel
5 assignment, data transfers, demultiplexing, and decoding
steps used in operating the system of Figure 1; and
Figure 4 illustrates a schematic representation of
exemplary circuit functions employed in a receiver for the
system of Figure 1.
10
DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
The present invention provides a method and apparatus
for communicating messages or other information to one or
more remote, mobile receivers. The communication system
15 provides - this information transfer for a large number of
users without requiring each receiver to demodulate or
decode a wide bandwidth signal on a continuous basis. This
is accomplished by estéblishing a multi-channel Time
Division Multiplexed (TDM) communication signal and
20 dedicating one or more of the channels to transmit address
information that designates message recipients and reception
channels for each message. The address information is
received and demodulated by each receiver at a rate much
less than that required to demodulate the entire TDM
25 communication signal. The address information is
demodulated by each receiver until a message for that
receiver, and its corresponding channel assignment, are
detected, at which <time that receiver switches to the
designated data channel for message reception.

i i*iifﬁiﬂ“uﬂia



gards to adjacent Earth orbit relay satellites orconcur- rent satellite
users, J L. the use of |arge receiver antennas on the ﬁf dﬁ Gahset
or nnrghfgﬂﬁﬁgﬁkter, whi ch elimnates nobile applications.cﬁ éy |§!|oﬁ,
cur- rent satellite systens nust contdh8with low data transfer rates
which [imt the nunber of users and anount of data transferred. O herw se,

tracking and denodulating a high data rate satellite signal requires very
hi gh speed, conpl ex and expensive, receivers that consune a | ot of power

for signal .scanghng aReérviledeesst Ngaevedbmiieyidatiidrcesysnemessagetating
according to the principles of the present invention is
illustrated in Figure 1. 1In Figure 1, a communication
system 10 1is 1illustrated having a mobile receiver (not
5 shown) mounted in a vehicle such as a truck 12. The truck
12 represents any of a variety of vehiclés whose occupants
desire to obtain at least occasional wupdated information,
status reports, or messages from a central communication
source. As previously discussed, truck drivers or various
10 drayage personnel often find automatic access to periodic
messages extremely useful for more efficient operation.

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

15 location such as a trucking terminal or central dispatch
office allowing 1lower site costs and direct access for
message transmission eguipment.

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

20 satellite transmission or reception. 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 or other communication
link to the Hub 14. . In addition, for 1large numbers of

25 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

LU
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-4- ggg I g, needed is a comuni cation systemthat allows §45>3
deJiveFv %%%S%ages as well as re- lated conmuni cation para §§?@¢§ﬁ%
control informa- tion to a large nunber~33f" users over a | ar ge geogr aph-

i cal area. The system al so needs to be cost effective, sinple to operate,
mai ntain, and install, and m nimze antenna requirenents.

telephone 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 ﬁo determine message priorities, authorization, and
5 accounting, and otherwise control access to the
communication system 10. - ’

The Hub 14 employs an Extremely High Frequency (EHF)
transmitter at 14 GHz to establish an uplink communication
path with a geosynchronous Earth orbiting relay satellite

10 20. The uplink is 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 112 GHz frequency signals for TV or data
transmissions to ground stations.

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

20 unused satellite capacity at these frequencies and does not
require the launching of its own dedicated satellites,

The Hub's transmission signal is transferred through a
diplexer 22 to an antenna 26. However, the diplexer is only
needed for two-way communication systems, such as where a

25 return acknowledgment, message, or location signal is useqd,
or for sharing the antenna 26 with alternate transmission
systems.

A communication signal, designated 24, is transmitted
through the antenna 26 to the communications satellite 20 at

30 the preselected uplink carrier frequency. The communication
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SUMMARY OF THE | NVENTI ON Wth the above problens of the art in mnd it
IS a pWp8% 06884t he present invention to provide a wave- forthVnggmkggjon
schenme that provides perfor- mance conpaifble to a predetermned signal to
inter- ference ratio in any interference Scenario encoun- tered.

Anot her purpose of the invention is to use a novel nodul ation, coding, and
mul ti pl exi ng techni quewhi ch all ows an i nexpensive nobile receiver with a
very snmall antenna suitable for use on a noving vehicle, to receive and
transmt deignagl 2ablis useogivedabyl the relapearerrepeater satellite 20

where it may be translated to a second frequency for the
_downlink transmission 28 using circuitry known in the art as
a transponder. Those skilled in the art of
5 communications understand the apparatus needed to perform
this reception and conversion function which are known in
the art. '
The transmitted downlink signal 28 is received by a
mobile receiver through a small generally directional
10 antenna 30. The antenna 30 1s constructed to have about 15
dB of gain and to be directional within a 40-50° (10
elevation beamwidth and 15-300'(15) azimuthal beamwidth.
The antenna 30 is mounted so that it is capable of being
continuously rotated over a 360 deqQree arc and is connected
15 to an antenna pointing and tracking control system 74 for
tracking the satellite 20 as the vehicle 12 changes pbsition
relative to the satellite which is positioned in Earth
synchronous orbit. An exemplary antenna rotation mechanism
is found in co~pending U.S. Patent Application SN.
20 145, 790,and an exemplary method of satellite tracking is
disclosed in co-penéing U.5. Patent Applicaﬁion SN. 145,176
both of which are assigned to the assignee of the present
invention. '
‘Messages, or message data, are transfgrred into the Hub
25 14, or control station 18, where they are converted into
digital message signals which are subsequently transferred
by communication system 10 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
30 to highexr, or lower, data transfer rates when circuitry

SBSTITUTE SHEET ’"”ﬁﬁ’iiﬁ‘ti*iilﬁm i



Yet anaybegoseégspose of the invention is to provide a nodul atpPQT/S88/@4828 ng
schene that is inplenented digitally, Pprgterably as firmware in signal

processi ng chips of the VLSI type and in mcroconputers. One advant age
of ~-the present invention is a high performnce, cost effective, and
flexible inplementa- tion. Anot her advantage is that the present

I nvention provides a npdylation and codin %gs ene that allo Mass

product | onPBeraEipgi t &takBenSRRTEPT IR R 89 3¢ t FRPRIEHE%I ng %ﬁﬁ?ﬁaes
functions &gp the npliced viedr difetly as df@lﬁéﬁe%t&af tde ivweousn bitto

altow flexibLiity 1 the a3 ars'§ {80880 £bla SRR o L7 F gl
desired system transfer rate. Alternately, messages are
5 received as audio message signals that are Kkeyed in by
system operators to form the desired message signals.

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

10 receivers can employ unique codes or ciphers to provide
secure mnmessage delivery capabilities. However, to reduce
transmission errors and provide for error correction for all
messages transmitted by the communication system 10, a two
step encoding process 1is implemented for all digital

15 messages or message data.

The first step comprises applying a system 10 checksum
algorithm on the digital data. In the preferred embodiment
the checksum algorithm employs on the order of 30 bits of
information to indicate the correct result of the checksum

20 computations. An exemplary checksum formula would be the

] computation of the polynomial: X3° + x29+ X3+ x2+ X + 1.
When calculating this checksum the address field(see below)
is 1ignored so that channel addresses do not alter the
checksum.

25 The second step comprises encoding the data using a
Golay  [24,12] block code to encode every 12 bit block of
message information, ihcluding the checksum, type and
recipient information, into 24 binary symbols for
transmission. These 24 bits are then transferred at the

30 desired system transfer rate. Using the Golay([24,12] block
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t r ansfWiO 8%06884or capabilities are efficiently accomo- dat RICT/US88/04623
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~Yet another advantage of the syédemthat results fromthis latter
is that nore energy per bit can be used to conpensate for unequal

downl i nk power

10

15

20

25

30

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 at 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 message data. As kgﬁwn in the art 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 throuéh 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 a phase and frequency modulated
carrier, at the preselected frequency,'for transmission to
the satellite 20. During modulation each symbol is shifted
in phase from the previous symbol, either -90° to indicate a
logical O -or +90° to specify a logical 1. This 1is called
Differential Advance Retard Keying and improves acguisition
by the receiver because every symbol contains a phase
transition. In addition, a direct sequence spread spectrum
modulation of the data may be used to spread the bandwidth
for transmission

To and accommodate a large number of receivers at
potentially different burst rates, a Time Division
Multiplexed (TDM) transmission scheme is wused.  The TDM
approach divides the total transmitted (or received)
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density across | arge geographi cal areas. These and ot her gﬁgses

obj ect syO=8906884an- tages are realized in a message conmuni %@ﬂi-— ern
for sending nessages fromcentral conmuaisea- tion stations to one or nore
nobil e receivers through Earth orbital relay stations using Tine Division
Mul ti- plexed comruni cation signals, by enploying at .| east one central
communi cation station having a transmt- ter producing a TDM comruni cati on

LI o SRR s EEhb8kay FRshenlt D £ AR A Biad el
where A = Nengthusediéssageansorssessage sdgresksi ntvanawmidteidn the fthen
of receive%&%%ﬁ&%g@@igggrgyggaﬁaQQSOQrgé@§§ satellite 20 are allocated
portions of this time controlled sequence known as channels,
5 and no other signal uses the fystem at exac;ly 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
receivers. Methods and apparatus for generating,
10 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.
Figure 2 illustrates a graphic representation of the
resulting signal format for the communication signal 24
15 using the TDM frames. In Figure 2, the TDM communication
signal 24 comprises a series or train of successive fixed
duration frames within which messages oOr data are
transmitted. Each frame éonsisﬁs.of a number of channels
which represent substantially identical, sub-frame 1length
20 periods over which data is 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
25 the art will readily understand that the number of channels
depéﬁds on the transmitting speed of the communication
system 10, number of users to be accommodated and frequency

hopping schemes as described below.

When wusing the TDM approach, information is generally
30 sent over the communication signals 24, 28 in discrete
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ignated to be sent fromthe station and correspondi ng data channels on

whi ch eis transmtted. An exenplary enbodi nent enp
channeﬁggﬁgﬁﬁégpaddress channel s and 21 ggta or nessage chan-tﬁZ¢5&9m“n3
central conmmunication station enploys a re- ceiver assignnent device mhlch
determ nes the re- ceiver each nessage is directed to and a channel as-
signnent device for assigning each nessage to at |east one of the data
channels for transm ssion. An address controller transfers one receiver
address gracketassocThee¢ommungGabiangrysHem an cpecormogh ead Praskets

channel s | 5¢ " €3pPB3E1NG. | NUMigEIPSBEEReahuendRs! (956 2a6HarREYRE - cach,

Al ternative ural
dependlng on the type of messages, small, coded, etc., being
transferred. Each packet contains fields of information

5 such as the type of message, typically a 6 bit entry to
distinguish between possible algérnative systeﬁ 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

10 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 uniﬁorm frame size regardless
of overlapping message lengths, varying packet sizes and
transmission rates, or empty channels. However, unused

15 channels generally will have random data transmitted to
improve tracking and acquisition of channels by receivers.

To assure that each receiver is tracking and
demodulating -a specified channel, series of codes or code
masks can be used with the data to detect tracking errors.

20 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 a large portion of the transponder 48

25 MHz - . bandwidth, reducing downlink power density which
minimizes interference to other communication services and
provides processing gain which the receivers use in
rejecting the interference of other services. The basic
techniques of FH from transmissions are known in  the

30 communication art and also provide a vehicle for spreading a
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receivers are designated where a nessage is intend- ed for severa
retei VeYS gofodsBe system A message in- put control device i pCTPUSE8/04623t O

the channel assign- nent device and regeives digital nmessages and trans-
fers them onto desi gnated data channel s in response to an assignnent from
the channel assignnment de- "vice at arate of one nmessage per channel The
i nput
signal out over a given bandwidth so that transmission
errors caused by frequency selective fading or other
transmissive aberrations only affect a small portion of the
signal. At the same timé, frequency hopping according to a
5 preselected pattern allows some degree of security for some
system 10 users. .

In the preferred embodiment, the FH scheme comprises
dividing the appropriate transponder into 240 frequencies
spread over approximately 24 MHz. The hopping rate for the

10 frequencies of interest is on the order of 200 frequencies
per second covering each of 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 5

15 milliseconds 1long and the size of each channel is 0.20
milliseconds in length. L )

The frequency hop pattern can comprise a simple linear
progressi&n from high to low or vice versa, or a more
complex pattern based on a pseudo-randomly generated

20 frequency selection sequence. However, those skilled in the
art will also recognize that a TDM signal without £requency
hopping will benefit greatly from the method and apparatus
of the present invention.

Returning to the desired transmission rate of 10,000

25 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 48 code symbols every frame. However, to improve
reception, the preferred embodiment uses a fifty (50) symbol

30 transmission rate for each frame with the first symbol
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-6- nessage data is nomnally transferred at a rate on the order of at
| east W @@fj0b884s per second. In a preferred enbodi ment (PRGI/US88/04623
comuni cation system applies Gol ay[ 24.-43]- bl ock coding to the dig- ital
messages prior to transm ssion and applies a cor- respondi ng Gol ay[ 24, 12]
bl ock decodi ng process to resulting synbol data when received. The CGol ay
cod- ing generates 2 digital synbols for each data synbol resulting in a

chamnel L aNYLES! Sl 3h8aor bl 9l 9 14 600 SYibobs ek sssand g

Wi th a sericseBfedihiss btboedddatd,0 arte el tofansmitter is accurately,
within the selected frequency and not offset due to the
changing characteristics of the frequency source.

5 The secdond symbol period is used as a phase reference
for the third symbol in the stream of fifty simbols, which
is 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

10 absolute phase reference since absolute reference approaches
are more complicated and very difficult to achieve in this
type of mobile communication system.

The code blocks or symbols are divided into alternating
groups or segquences. That is, every other code block is

15 selected and placed in one 24 symbol group for transmission.
Thic scparates overy 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

20 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 24 is transmitted
by the Hub 14 through the relay satellite 20 to all of the
receivers within a given geographical zone or region
serviced by the satellite. This zone can be as large as an

5 entire country, or as narrow as a small state as the
application demands. However, regardless of the zone
covered by the satellite, each receiver in that zone must
detect, monitor, and demcdulate the signal 28 in order to
receive messages. If the messages are simply applied across
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t he nessage for checksum verification by the receiv- er. In further
aspect woOf89§0e884 nventi on, the operating frequency of the TDNPCTHIRSSYEEEI on
signal is fre- quency hopped on a predeigerm ned periodic basis over a
presel ected nunber of frequencies to de- crease the power density of the
comuni cation sig- nal. ' Each nessage has a predeterm ned maxi nrum bit
length. The ratio of the nunber of address chan- nels to data channels is

PP TS S8 B R Pl e BT U 2 B Ep YR
used to defraekeacHembditimtessaybsdedddet the entire signal to assure
reception of a relevant message. This is required because
every message header or lead-in in every channel would have
to be scanned by each receiver to verify which receiver |is
15 designated to receive the mesééqe. For largé numbers of
users this requires very high speed, compléx, demodulation
circuitry to accomplish. Since speed and complexity
‘increase system cost and decrease reliability, this is
undesirable.
20 In the present invention receiver selection |is
accomplished using a new receiver addressing technique for
TDM communication signals which comprises a two  part
addressing scheme. '
In this technique each receiver is assigned a specific
25 system address which is known to all Hub 14 transmitters or
system management centers 18 used by the communication
system 10. The receiver address ig a unique address which
establishes an individual identity for each receiver in the
system. The address for each receiver is generally set at
30 the. factory and can be made unchangeable by the end user (in
the field). to prevent security problems or improper
monitoring and response to messages. However, the address
can be made dynamically adjustable depending upon the system
requirements or costs. In the preferred embodiment, the
5 receiver addresses are designated or determined by a 19 bit
address term making approximately 524,288 (219) receiver
addresses available which allows a very large number of
users for the message communication'system 10.
The next step is to divide the total number of channels
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nmessage_si gnal s ,are generall added with zeros where necessa
prede?éyﬁ%%é&stsf*ansmgs- Si o% Pengt hs. The central commir ﬁé{ﬁ%éﬁag%
station uses a con- version neans to ¢ohvert i ncom ng nessage i nf orma-
tion into digital nessages at a predeterm ned transfer rate on the order
of 5,000 bits a second. The digital nessages are then used to nodul ate a
carrier to form the comunication signal. Atransmtter is connected to

at | past QnQMEry(Nvi$pnianthan£HMﬁDM1aﬁmmmmﬁcatdnmumhunakslB4gmahs pe a

preselectgd Orb'“'%%r 3¥re§gteb gfion 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 numbers of
can be used for the total number of channels and the number

15 of address channels depending upon specific systen
requirements. Generally the ration of A address channels to
D data channels should be equal to the ratio of the number
of data bits in a message to the total number of
transmitted bits (message plus address).

20 The A address channels are used to transmit address
designations for those receivers whose messages are being
transmitted by the Hub 14. The D data channels are used to
transmit the messages for the désignéted receivers. The
transmission of a message address precedes each message by a

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

The address channels are typically deszgnated as system
channels 1, 2, 3, ... etc. However, these channels can be

30 separated by data channels where channel tracking éither
permits or desires this spacing for receiver 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 dgreat

5 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
is when there are an average number of few messages but they
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-7- The conmmuni cati on system of the present inven- tion uses nobile

recei \4&@3 49@35829 smal |, portable, di- rectable, narrow bearPERféS8&184623
connec dp a de- nultiplexer and othgjg-means for detecting, denodu-

| ati ng, and decodi ng the TDM conmuni cation signal to receive nessage data.

The receiver denul tipl exes ‘and denpdul ates the communi cation signal at a
rate

10 are all maximum length. The system may find it advantageous
to use one of the address channels for data to decrease the
nunber of messages being backlogged.

Each message has an address segment of 24 bits
associated with-it which is segregated from the message and

15 transferred over the address channels to flag an appropriate
receiver. While each receiver is assigned an individual and
unique system' address, receivers -can also respond to
specialized "system" address as well. Th;t is, each is also
prdvided access through a "group" address (if applicable),

20 an M"all-call" address, and other "conditional" addresses.
By providing these alternate addresses to which a receiver,
can respond, it is possible to very efficiently transfer
single messages to an entire system or a group of receivers
without sending the same message to every designated

25 receiver over a long transmission period. This also
provides for the transmission of system type information
such as time of day, service changes, etc to all receivers
on a periodic basis, by interleaving these types of messages
into otherwise unused channel capacity.
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of only 1/Ntines the transm ssion rate when receiv- ing data. An addr
stora@ﬂ)@B#ﬁBS#ecords and stores a preassigned address used é¥3p§§ @ﬁﬁ for
that receiver. Alternatively, the addrés& storage can store systemor class
type addresses for polled or broadcast nessages and nay be reprogranmed ac-
cording to new address assignnents transmtted froma central communi cation
facility. When an address assignnent is received along with an

associ at ed dat g ;Ghadnethdestenaunbatith fysten’ tsd$ M}Pmiél cgely, a,
adj usted by a channel selector tq only recelve and denpdul ate,the

desi gnat e€ Lﬁwﬁ#ﬁHOBOVtPBﬁséPhﬂu9Q§m%%%§zaEQﬂ1%QQFE§ €B§85m6§&§n
recei ved g therflasi oreéd edtchapraele ict dgMPdtimes the frame rate. This

means that the address for messages is transmitted at a

5 fraction of the communication signal rate allowing each

receiver to monitor the communication signal- 28 at this

lower rate until it detects its address. When a receiver

detects its address, accompanied by a channel assignment,

the receiver switches to the appropriate channel and begins

10 demoduiating and receiving the message. Therefore, it will

be apparent to those skilled in the art that receivers are

not demodulating nor decoding the entire, or even a majority

of the communication  signals transmitted Dby the

communication system 10. This allows a less complex and

15 slower speed reception circuit which reduces power and cost
while increasing reliability and ease of construction.

Reception and decoding of communication signals is

illustrated in further detail in Figure 3. In Figure 3, an

incoming communication signal comprising interleaved code

20 symbols 50 is received by a receiver on a series of signal

- channels 52 which are frequency hopped in a sequence of hops

54. 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

25 received during each hop with the first disregarded or lost

due to settling of the receiver and the second being used to

obtain the phase required +to track the next symbol.

Therefore, there are 48 symbols per frame in each hop and 48

symbols received for each channel after 24 hops. After

30 48 symbols are accumulated they are sorted into a first and
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| at ed,ﬁg%ﬁ%v\here necessary, and transferred to a rressagepﬁ.;ﬁ}ggyoﬁgyi ce
for di | he message in visual fgégl as a series of alphanuneric
characters on a display screen. Alternatfvely, a small print out such as by
a small thermal printer can provide hard copies of nmessages for |ater

r ef er ence. I f reception of the communication signal is lost prior to
conpl etion of the nessage or the nessage reaches a natural term nation

poi nt, theetemdel serieseatforsynbokat shavny ineFdjgwne 3 hasreldf'vesymbpols

geleé:: DtEIS%'\;F%T}h "83 X .{A?R{gignﬁi-oéggsde%%@é§ afRedr $Rtet1RAW Yy

~ previously impressed on the code symbols as they were

transmitted. As can be readily understood by those skilled

5 in the art, those symbols that were close in code are

transmitted far apart in time which providgs isolation from

errors as previously discussed.

For every block of .24 symbols, "AY or "B", a

Golay({24,12] decoding step is perfbrmed to yield 12 bit

10 blocks of transmitted data. This data will be generated or

received at about 5,000 bits per second as originally

transmitted. The 12 bit blocks of information now comprise

a series of address assignments or messages depending on
which channel they were received on.

15 The messages are received on the data channels 56
while address information is received on the address
channels 58. Both message and address code symbols are

sorted into 24 bit code ‘blocks 60 using a sorting step -and
apparatus, and decoded into successive 12 bit blocks 62

20 using a Golay[24,12] decoder.

' The output of the address channels 56 comprise 24 bit
length information sequences 64 which use 19 bits to specify
the receiver address within the communication system 10 and
5 bits to indicate a channel selection for receiving a

25 message. The output of the message or data' channels 58
comprise a series of successive 12 bit blocks 68 which
comprise a header that indicates the type of message,
including its 1length, a main body of the message and a
series of chksum bits for error detection. The length of

30 the incoming message is important so that the receiver can
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The novel features of the present invention may be better understood from
t he acopOI39y06884 de- -8- scripti oRCEfISS88/04633 i n
conjunction with the accom panying dragigRrgs i n which:

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 receiver is sent before the

5 message is transmitted on a data channel. The amount of

"lead time" for transmitting address informatibn depends on

-the channel switching speed of the receivers 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

10 switching time plus some settling time for the receiver to
'properly and accurately track the designated channel.

An exemplary receiver for receiving the communication
signals and providing a message output is illustrated  in
schematic form in Figure 4. In Figure 4 a receiver 70 is

15 shown for receiving and demodulating communication signals
from the Hub 14. The receiver 70 is connected to the
antenna 30 through a diplexer 32 for receiving the satellite
downlink signal which is transferred into a demodulator 78
for demodulation into an encoded digital message signal.

20 The demodulator 80 is synchronized with the modulator used
in the Hub 14 or the satellite 20.

As previously discussed the receiver 70 does not have
to demodulate the entire communication signal 28.
Synchronization for the receiver 70 is accomplished by

25 tracking and synchronizing with the frequency hopping
pattern of the communication signals. Once a receiver has
synchronized with the frequency hopping of the TDM signal
frames then the internal frame timing is automatically
detected as well. |
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Figure 1 iIIustrates an overal |l diagramof a com muni cati on system

oper at g gg4ing to the principles of the present i nyent/Us88/04623
F|gure 21 Iustrates an overview of theframe and . channel rmultipl exing
of. conmuni cation signals ~used in tHe system of Figure 1; Figure 3
il l'ustrates an overvi ew of the channel assignnment, data transfers,
denul ti pl exi ng, and decodi ng steps used in operating the system of
Figure 1; and Figure 4 illustrates a schematic representation of

exenpl ary ci rculhef umobiides @egedmar i Px terninal 70er insonprratesennof
Figure 1. microprocessor or similar controller 72 for implementing
signal processing, acquisition, and demodulation functions.
A low noise amplifier 76 and conventional down-conversion
5 éhain provide a signal to the_!microprocessoq for signal
acquisition, tracking and demodulation. '

The antenna 30 is generally swept through a series of
360° arcs until a signal is detected from the satellite 20,
in the receiver's frequency range, above a predetermined

10 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 subsequent receiver or vehicle 12
movement. '

15 Many of the individual functions performed by the
microprocesor 72 are illustrated as seperate elements in
Figure 4 for purposes of clarity. However, those skilled in
the art will readily appreciate that many of the functions
surrounded by the dashed line 73 can be performed in a

20 single miniaturized circuit or integrated circuit based
microprocessor and related support chips.

A receiver address storage element 82 is connected to
the demodulator 78 for storing the address assigned to the
receiver 70 and used to determine the presence of a message

25 from the satellite 20 or Hub 14. The address storage
element 82 typically comprises a small ROM or similar memory
device connected to the microprocesscor 72. The address can
be hardwired into the microprocessor structure itself such
as in the case of scratch memory, or internal RAM although

30 this may not be convenient or cost effective in many

MM fil!



DETAI LED DESCRI PTI ON OF A PREFERRED EMBCODI MENT The presentLg% gk&fn
provi WO 89/8¢8840d and ap- paratus for comrunicating message?q ﬁ@r
infor- mation to one or nore renpte, mo¥®+e receivers. The conmuni cation
system provides this information transfer for a | arge nunber of users

Wi t hout requiring each receiver to denodul ate or decode a w de band- w dth
signal on a continuous basis. This is accom plished by establishing a

g“' ti ‘Cha@}? B Syl s Opn'\/mafddql@md (45 u%@”@f"&até%&a&ﬁaa' meRdry
edi - cat one or nore of the ¢ annels to transmt ad- dress infarmation
t hat des|@iﬁ@gﬂﬁesngQWﬁeéﬂteratlon by service personnel at a future
time where needed.
"It is also possible to store the receiver address on a
5 portable storage element such as a magnetic strip or
cartridge which can be read by a card reader- (not shown)
connected to the microprocessor 72. This would allow
individual communications system 10 users to move between
receivers which are permanently installed in a variety of
10 vehicles and automatically receive  messages without
" informing a central dispatcher of a new receiver location.
Once a recelver address mat¢hing that stored in the
address storage 82 is detected, the channel designated by
the corresponding address information is also received and
15 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
20 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 would could include
premature termination of the message before the 1length,
time, specified in the message header or the failure of the
25 chksum verification process.
The demodulated communication signal is transferred to
a decoder 80 where Golay decoding occurs. At the same time
a PN code source or other related code storage element 84
provides any necessary code sequences required to further
30 decode a received message.
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pi ents and reception channels foreach nessage. The address information is
recei VWO%%ﬁde ated by each receiver at a rate nuch | egsctuassjoases3
enod

required to

ulate the entire TEMdgfyyunication signal . The address

information is denodul ated by each re- teiver until a nessage for that

receiver,

and its cor- respondi ng channel assignnment, are detected, at

which tinme that receiver switches to the designated data channel for
nmessage reception. '

10

15

20

25

The decoded message bits may be temporarily stored in a
memory element 86 before visually being displayed by a
display element 88. Alternatively, the message can be
interfaced to other processing elements through the
interface 92 or printed out by the hard copy device 90.

What has been described, then is a new method and
apparatus for transmitting messages from central
communication stations to one or more remote, mobile,
receivers which allows low 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.

- What we claim is:
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-9- An overview of a conmuni cation system operat- ing ac gﬁ?p he
princi PiQ8%/9688%%he present invention is illustrated in Fi guref’ . Eﬁ%ﬂgiﬁfr:ie 1
a communi cation system 10 is illustrat®d8faving a nobile receiver (not

shown) mounted in a vehicle such as a truck 12. The truck_12 reﬁresents any

of a variety of vehicles whose occupants desire to obtain S Been Replaced
occasi onal updat- ed information, status reports, or nessa ﬂ

central comrunication source. As previ ougkpI#iss- cussed, t

vari ous drayage personnel often find automatic access to periodi c nessages
ex-

1. A communication system for sending messages from
2 central communication stations toc one or more of a plurality
of mobile receivers through Earth orbital relay stations
4 using Time Division Multiplexed communication signals,
comprising:

6 at least one central communication station having
transmission means for transmitting a TDM communication
8 signal which comprises a series of N channels, with D data
channels, for D < N, used exclusively for transmission of
10 message data and A address channels, where A = N ~ D, wused
for transmission of address information in the form of
12 receiver addresses for receivers designated to receive
messages from said station and corresponding ones of said D

14 channels on which said receiver message is transmitted.

é. The communication system of Claim 1, wherein said
2 central communication station further comprises:
receiver assignment means for detecting which of said
4 plurality of receivers 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 receiver
address and an associated channel assignment onto one of
10 said A channels in response to input messages intended for a
receiver; and '

Ll



tremely useful for nore efficient operation. A nessage | ) d
to, theWO 89R688%# from a central transmission facility or terrﬁqy"@wég
referred to as a Hub facility. The cent@&~ terninal or Hub 14 can be placed

at_a location such as a trqcking termnal or central dispatch office
allowing lower site costs and direct access for message transmi ssion

equi prent - Alternatively, the Hub .14 is located in a rempte |o- cation
more jgeally suhteg%gg% | oippit er f geRGe WoHH¥kbtéq- sebel | isd d ransianaedn
or reception. In this case

X , one _or nore aysjen13$er,fa ilities in the form
of cen- trasgigpmestt of MeARS nER¥agEeCO&RINY H1gikAlni - MesSafdrDs 1 2R

hﬁbarlgﬂ : ﬁ‘égﬁ@%ﬁ%}ﬁué al £IORe EsagBki Gt P<H @ DoaREANRAls am | i résponshe
to. an assignment from said channel assignment means at a
16 rate of one message per channel.
3. The communication system of Claim 2, wherein said
2  central communication station further comprises:
at least one narrow-beam antenna;
4 conversion means for converting information to be
transmitted to a receiver into a digital message at a

6 predetermined transfer rate.

4. The communicatidh system of Claim 3, wherein said
2 transfer rate is at least 5,000 bits per second.

5. The communication system of Claim 1 wherein said.
2 digital message signals have predetermined transmission
periods.

6. The communication sYsiem of Claim 1 further
2 comprising: :
at least one mobile receiver station, having receiver
4 means for detecting, demodulating and decoding said TDM
communication signal at a rate of about A/N D times the
6 transmission rate of said communication signal, said
receiver being adjusted to receive said A address channels
8 when not receiving a message; and
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for | aM@89/M¥884s of renote customer nessage cen- ters, a nmeB&IgES8$/04623
net wor kK managenent center 18 can be enpBOyed to nore efficiently contro

the prior- ity, access, accounting, and transfer characteristics of nessage
dat a. The Hub 14 or managenent center 18 can be in- terfaced to

exi sting conmuni cation systens using well known tel ephone interface

equi prent such éﬁaph% S&ﬂﬁ%é@%&ﬁﬂ gﬁaﬁgdegag\%{éhfees MBS0 N IO &

into the conmmuni cati on ‘syst.em 10. , spee ata management corrput ers can
al.so & usmeians forepdivsting Rpi¢rrerrives, maanmricadenpdudafe only a

designated one of said D message channels of said TDM
12 communication signal according to a channel assignment

received for said mobile receiver on said A  address
14 channels.

7. The system of Claim 6 wherein said a mobile
2 receiver, comprises:
' a narrowbeam antenna; .
4 receiver means for receiving said communication signal;
a demultiplexer, comprising:
6 address storage means for recording and storing a
preassigned address for said receiver; and
8 means for demultiplexing, said TDM communication
signal over a time interval equal to at 1least one time
10 interval for channels in a signal frame depending upon the
encounter of said preassigned address for said receiver.:
8. The systeﬁ of Claim 1 further comprising a message
2 display device connected to said demultiplexer for
— displaying in wvisual form a series of alphanumeric
4 characters for displaying a message.

g. The communication system of Claim 1, wherein each
2 of sgid messages has a predetermined maximum length M and a
ratio of A to D is approximately equal to a ratio of a cum
4 of digital bits used to define a receiver address and
channel designation to a sum of bits used to define each of

6 said messages. | I —
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- 10 -

accounting, and otherw se control access to the com

syst enWiQ 89/06884rhe Hub 14 enpl oys an Extrenely Hi gh Frequen- 623
transmitter at 14 GHz to establish an opkrnk communi catjon path with a
geosynchronous Earth or- biting relay satelli (Toeis ket HayBeen

mai'nt ai ned at one or nore of a nunber of preselﬁmlﬂ(ml

10

12

14

16

18
20

22

[

10. A method for sending messages from central
communication stations to mobile receivers through Earth
orbital relay stations, comprising: ‘

generating a TDM communication signal which is divided
into a series of N transmission-channels:

providing digital messages to be transmitted on said
channels; .

assigning at least one receiver destination to each
message;

assigning at least one of D data channels to each of
said messages where D < N; '

transferring each of said messages on at least one of
said D channels;

transtérrihg: said channel assignment ontc one ot A
address channels where-A = N - D;

detecting, demodulating and decoding said TDM
communication signal by at least one mobile receiver:

~ adjusting said receiver to detect only one of said D

data 'channels_of'Said,TDn communication signal in response
to said address assignments transmitted on said A address
channels; and

demodulating said one data channel according to said
assignment. |

11. The method of Claim 10 further comprising the
steps of applying a Golay[24,12] block coding process to
said digital message prior to transmission and applying a
Golay[24,12] block decoding process to symbol data received

RO YA



or frequency ranges. A typical satellite systemem ploys a series of
repeat ewQ gg0688anders for transmt- ting 12 GHiz frequency si QGH/US88/04628 or
data trans- missions to ground stations,3,. The preferred enbodi nent of

t he conmuni cation system 10 enpl oys uplink and downlink carrier fre-
guencies in the EHF Ku band to all ow access through these transponders on
exi sting or new conmunica- tion satellites already | aunched or planned. The
com nuni cation system 10 can_t ake advantage of unused satellite capacity
at these foaqeaic cenandenesyladed saka charnedufeR fgClr necebyer.

dedi cated satellites. The Hub's transm ssi-on signal is transferred:

t hrough a diplexer 22 to an antenna 26. However, the .
12. The method of Claim 11 wherein said Golay coding

2 step generates digital symbol data at a rate on the order of
10,000 bits a second. _
13. The method of Claim 10 further comprising the
2 steps of performing a checksum computation on input digital
messages in said transmission means and on corresponding
4 demodulated symbol data in said receiver.

14. The method of Claim 10 further comprising the step
2 of hopping a transmission frequency of said TDM
communication signal on a predetermined periodic basis over

4 a preselected number of freguencies,
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di pl exgy needed for two-way communication systens, i,gﬁt}pggs)ga e a
retarn acknémﬁedgnent, nmessage, or |ocation signal is used, I ng
the antenna 26 with alternate transm ssion systens. A conmmruni cati on

sigmal, designated 24, is trans- mtted through the antenna 26 to the
comuni cations satellite 20 at the preséf&cted uplink carrier frequen-

cy. The communi cation signal 24 is received the re- lay or

satellite 20 where it may be traae4 at ed ;,02 second frequen@‘f‘iﬁi‘ﬂﬁ
downl i nk transm ssion 28 usi ng--¢44-cly nown |n the art as |“
transponder. Those skilled indEtarf of ¢ at i ons under

apparatus needed to performthis recept a nver si on function which

are known in the art
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The tr WO 8006884 downl i nk signal 28 is received by a nobil ePCIpEE88704623
through a snmall generally direction- al antenna 30. The antenna 30 is
constructed to have about 15 dB of gain and to be directional within a 40-
- 11 - 50[err](15) azimuthal beamwi dth. The antenna 30 is nounted so that
It is capable of being continously ro-
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tated qy@rgopedld degree arc and is connected to an an- tenngd9usks/pke3and
tracking control system 74 for tracking the satellite 20 as the vehicle 12
changes position relative to the satellite, which is positioned in Earth
syrighronous orbit. An exenplary antenna rota- tion nmechanismis found in
co-pending U. S. Patent Application SN 1#8, 790, which is now U. S. Patent No.
4,876,554 i ssued Cctober 24, 1989, and an exem plary nethod of satellite
tracking is disclosed in co- pending U S. Patent Application SN 145,176,
(pub- lished cenber 18, 1990 as US-A-4 979170), both of which are

assigned to the a'i?irgnee of the present invention. Messages, or
nmessage data, ar ansferred into
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the Hub 14, or control station 18, where they are con- verted into di ghatgr-t seos
nessage signals which are subse- quently transferred by comruni cati on
system 10 at a rate on the order of 5,000 bitjS pgR Fecond. Those: Stit+—-rted,
in tpe—artwi-llreadily understand that the tga \ngs of ihe preseht 5G

i nveht i oREXPAIGER $iHikgiser, @ owel], data trars gr y rat es V\,hen c1 r cuptiegd 2.
oper thuavwmh@aappro (Ppdgad exrspeed is enplcygp _Nbssages can e re@élved
dir (MI’ tiass)di giptad1 .d# & gdgey 2RI 0US bit rates zﬁwd" accus nitatle! or “stdrd |
for ﬁﬁahslath@n;% et hB. desik@dzsy$t em transf er at'di il t eptiateltyty nesdages
are r@ceived aSanQngﬂﬁﬁ§ag§ si‘ghal s"Yhat are keyed in by systen1operators

---------

to florm-t he: desiged nessage signals. Each’ nessagerSJgnal=6dﬂ be .
subjected t O AR I e, LT e

MULTIPLEXED ADDRESS CONTROL IN A TDM COMMUNICATION SYSTEM

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to communication systems
and more particularly to telecommunication systems employing
central message transmitting stations and Earth orbit relay
satellites ' to send messages ¢to mobile receivers. ‘The
invention further relates to a method and apparatus 'for
transferring messages to one or more of a plurality of
receivers using narrowband, multiplexed, receiver addresses
and channel assignments to reduce signal demodulation
regquirements for each receiver.

Background of the Art

of the Art
i

an ever increasing need for a variety of

There
half-duplex communication systems to provide message
delivery or brief transfers of information from a central
control station to a multiplicity of remote system users.
There are a substantial number of commercial, governmental,
and private applications requiring the delivery of messages
to a large number of geographically dispersed terminals, or
moblile receivers, often on an irregular basis. Applications
for message services include such diverse uses as government
services (military, law enforcement, legislative) where
secure communications are desired, forestry services,
disaster relief or coordination, and commercial transport or
message delivery services.
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ety of coding, encryption, or error detection and cor- rection schenes
prior to transm ssion. \Were de- sired, individual receivers can enpl oy
uni que codes or ciphers to provide secure nessage delivery capa-
bilities. However, to reduce transnmssion errors and provide for error
correction for all nessages transmit- ted by the conmunication system 10,
a two step en- coding process is inpréffiented for all digital nmessag- es
or nessage dat a.

Other examples include the interstate trucking industry
where dispatchers wish to communicate short messages to
trucks located anywhere in continental u.s. Presently such
communication is restricted to periodic telephonic
communications between drivers_and a central dispatcher or
contact person. Currently, truck drivers must <call 1long
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 prbblems 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 télephqng systens, other
communication systems have attempted to address the mobile
market. Radlo telephone, cellular telephone, and portable
radio transceivers (CB) are all capable of providing some
form of communication between a mobile receiver and a base
unit. However, these communication systems suffer from
several drawbacks énd have proven inadeguate 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
reuse across an array of cells to increase capacity, with
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- 12 - The first step conprises applying a system 10 checksum al gorithm
on the digital data. In the prefer- red enbodi nent the checksum al gorithm
enpl oys on the order of 30 bits of information to indicate the cor- rect
result of the checksum conputations. An exem plary checksum fornmula woul d
be the conputation of the polynomal wpferr] + X[err]+ X3+ Xerr]+ X + 1.
When cal - culating this checksumthe address field(see below) is ignored so
t hat channel addresses do not alter the checksum

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

Cellular systems economically serve large métropolitan
areas but leave many urban and most rural areas without any
service or direct coverage. Messages for these areas are
switched to conventional telephone or satellite carriers for
long distance.transfers. "

Direct communication, non-cellular, using traditional
mobile radioc transceivers alsc requires constant monitoring
of a variety of frequencies all of which are .crowded with
existing traffic. These services, like cellular telephone,
are subject to freguent system overload and signal
degradation from several interference sources which makes

3. 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 are proposed increasingly as the new approach to
solve many communication problems, especially coverage of
geographically diverse, low user density or rural areas.

" Several systems have been developed to operate through
orbital relay satellites and central communication stations.
Examples of such systems are found in U. S. Patent Nos.
4,455,651 and 4,744,083,

Sheet Has Been Reraced This is tha replacement siwet

T

“l Dew: 2 6 FEB 1997



The second step conprises encoding the data using a Gol ay [24,12] bl ock
code to encode every 12 bit block of nessage information, including the
check- sum type and recipient information, into 24 binary synbols for
transmi ssion. These 24 bits are then transferred at the desired system
transfer rate. Using the Gol ayl 24,121 -¥l-ock codi ng schene neans that 5,000
bits of nessage data forma 10,000 bitencoded synbol stream for

transm ssion. Therefore, the sys- tem 10 transmts a signal at 10, 000

bi nary synbols or bits per second to accommobdate the 5,000 bit per second
| nput  data rat gofdydig r@ﬁéphh.?ﬂ @aqn t W O SYFEPLACE! RleREkTeeht s

decoded to regenerate t he I"ocks of, nessage data. As known in the
art imposed on such systems, especially in regards to adjacent

Earth orbit relay satellites or concurrent satellite users,
requires the use of large receiver antennas on the order of

4 feet or more in diameter, which eliminates mobile

applications. In addition, current satellite’ systems must
contend with low data transfer rates which limit the number
of users and amount of data transferred. Otherwise,

tracking and demodulating a high data rate satellite signal.
requires very high speed, complex and expensive, receivers

that consume a lot of power for signal scanning and

processing even when not receiving messages.

What is needed is a communication system that allows
continuous delivery of messages as well as related
communication parameters or control information to a 1large
number of users over a large geographical area. The systen
also needs to be cost effective, simple -to ' operate,
maintain, and install, and minimize antenna reguirements.

SUMMARY OF THE INVENTION

With the above problems of the art in mind it is a
purpose of the present invention to provide a waveform or
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 mobile receiver with a very small antenna
suitable for use on a moving vehicle, to receive and
transmit data reliably using a satellite repeater.
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the operation of a Golay[24,12] or simlar code acts to mnim ze

tyansm ssion error by decreasing the im pact of single bit errors on a
data streamthrough spreading the data out over nmulti-bit patterns. Each
bit error affects only a fraction of a bit in the nessage which is
effectively conpensated for by the er~8 cor- rection schenes used unti l
very high error rates oc- cur. The encoded nessage synbols are used to
nod- ul ate a frequency generator or source such as a Di- rect Digital

Synt hesi zer which creates a phase and frequency nodul ated carrier, at the

D oot Lhcjefuchiyente! phEBRSE 8% ¥hd Ainentr L5t 020, BYiidR0 a

nodul at i on, I N phase rom -t
modulation and coding scheme that is implemented digitally,

preferably as [firmware in signal processing chips of the
VLSI type and in microcomputers.

One advantage of the present invention 1is a high
performance, cost effective, and flexible implementation.

another advantage 1is that the present invention
providés a modulation and coding scheme that allows mass
production of circuits and modules to be used for the
remaining analog functions for the mobhile terminals.

An object of the invention is to allow flexibility in
the data transfer rate so that receivers of differing
transfer rates or capabilities are efficiently accommodated.

Yet another advantage of the system that results from
this 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 from central communication stations to one or more
mobile receivers through Earth orbital relay stations using
Time Division Multiplexed communication signals, by
employing at least one central communication station having
a transmitter producing a TDM communication signal which
comprises N serial channels, with D data channels, for D <
N, used exclusively for transmission of message data and A
address channels, where A = N - D, used for transmission of
address information in the form of receiver addresses where
messages are designated to be sent from <the station and
corresponding data channels on which the message is
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- 13 - previous synbol, either -90[err] to indicate a logical 0 or +90[err]
to specify alogical 1. This is called Differential Advance Retard Keyi ng
and i nproves acquisition by the receiver because every synbol contains a
phase transition. In addition, a direct sequence spread spec-

-G~

transmitted. An exemplary embodiment employs 25 channels
with 4 address channels and 21 data or message channels,

The central communication station employs a receiver
assignment device which determines the receiver each
message is directed to and a channel assignment device for
assigning each message to at least one of the data channels
for transmission. An address controller transfers one
receiver address and an associated channel assignment onto
one of the address channels in response to input messages
intended for each receiver. Alternatively, a blurality of
receivers are designated where a message is intended for
several receivers in the system. A message input control
device is connected to the channel assignment device and
receives digital messages and transfers them onto designated
data channels in response to an assignment from the channel
assignment device at a rate of one message per channel. 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 2 digital symbols
for each data symbol resulting in a channel transmission
rate on the order of 10,000 symbols per second. In
addition, a checksum computation is performed on input
digital messages with a series of bits being added to the

end of the message for checksum verification by the
receiver.
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trum nodul ati on of the data nay be used to spread the bandw dth for

transm ssi on. To accommpdate a | arge nunber of receivers at potentially
different burst rates, a Tine Division Mil- tiplexed (TDM transm ssion
schene is_used. The TDM approach divides the total transmtted (or re-
ceived) spectruminto tenporal increnents-of franes of predeterm ned

| ength. Messages or nessage sig- nals transmtted by the communi cati ons
system 10 or relay satellite 20 are allocated portions of this tine
control |l ed sequence known as channels, and no other signal uses the system

oL practLy e SAIe LTy e[ akbardl o AL T O, he SRk Sk ing -
frequency of the TDM communication signal is frequency
hopped on a predetermined periodic basis over a preselected
number of frequencies to decrease the power density of the
communication signal.

Each message has a predetfermined maximum bit length.
The ratio of the number of address channels to data channels
is approximately equal to the ratio of the number of digital
bits used to define a receiver address and channel
designation to the number of bits used to define each of the
message. Digital message signals are generally padded with
zeros where ne;essary to have predetermined transmission
lengths.

The central communication station uses a conversion
means to convert incoming message information 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 communication signal. The
transmitter is connected to at least one narrow-beam antenna
which directs communication signals to a preselected with
orbiting relay satellite. :

The communication system of the present invention uses
mobile receivers having small, portable, directable, narrow-
beam antennas connected to a demultiplexer and other means
for detecting, demodulating, and decoding the TDM
communication signal to receive message data. The receiver
demultiplexes and demodulates the communication signal at a
rate only of 1/N times the transmission rate when receiving
data. An address storage means records and stores a
preassigned address used exclusively -for that receiver.
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cessive frames very large so that conmuni cati on ap- pears sinultaneous to
all receivers. Methods and ap- paratus for generating, transmtting, and
controlling TDM signals are well known in the comunication art and can be
acconpl i shed using a variety of signal_nultiplexing and control devices.
Figure 2 illustrates a graphic represeﬁtatlon of the resulting signal
format for the conmunication sig- nal 24 using the TDM frames. In Figure 2,
t he TDM conmuni cati on signal 24 conprises a series or train of successive
fixed duration frames within which nessages or data are transmtted. Each
frame conaitestimatifvel nunbike afldrkassnetondgehcarpstoret syshemstamtdidssy

identicalty%%b;gggg%égggtPoPeﬁgggﬁdp%&rbroadcast messages and may be
reprogrammed according to new address assignments
transmitted from a central communication facility.

Wwhen an address assignment is received along with an
associated data channel desdignation, the - receiver is
automatically adjusted by a channel selector to only receive
and demodulate the designated data channel portion of the
communication signal. Coded data received on the designated
channel is demodulated, decoded where necessary, and
transferred to a message display dev{ce for displaying the
message in visual form, as a series of alphanumeric
characters on a display screen. Alternétively, a small
print out such as by a small thermal printer c¢an provide
hard copies of messages for later reference.

If reception of the communication signal is lost prior
to completion of the message or the message reaches a
natural termination point, the channel selector
automatically readjusts the receiver to demultiplex the
communication signal and demodulate address channels.

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;
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which data is transferred. This nmeans that nessages or nessage signals are
transferred a few bits at a tinme during each successive frane until the

nessage i s conpleted. The preferred enbodi nent divides each frame into 25

sub-frames or channels. However, 5 - 14 -

Figure 2 illustrates an overview of the frame and
channel multiplexing of communication signals used on the
system of Figure 1; _

Figure 3 illustrates an overview of the channel
assignment, data transfers, demultiplexing, and decoding
steps used in operating the system of Figure 1. and '

Figure 4 illustrates a schematic representation of
exemplary circuit functions employed in a receiver for the
system of Figure 1.

DETAILED DESCRIPTION OF A'PREFEhRED EMBODIMENT

The present invention provides a method and apparatus
for communicating messages or other information to one or
more remote, mobile receivers. The communication system
provides - this information transfer for a large number of
users without requiring each receiver to demodulate or
decode a wide bandwidth signal on a continuous basis. This
is accomplished by establishing a multi-channel Time
Division Multiplexed (TDM) communication signal -and
dedicating one or more of the channels to transmit address
information that designates message recipients and reception
channels for each message. The address information is
received and demodulated by each receiver at a rate much
less than that required to demodulate the entire TDM
communication signal. The address information is
demodulated by each receiver until a message for that
receiver, and its corresponding channel assignment, are
detected, at which time that receiver switches to the
designated data channel for message reception.

Thmistharepmcementshset

BT




those skilled in the art will readily understand that the nunber of
channel s depends on the transmtting speed of the comuni cati on system 10,
nunber of users to be accommopdat ed and frequency hoppi ng schenmes as

descri bed bel ow. When using the TDM approach, information s generally
sent over the communication signals 24, 28 in discrete packets. The
conmmuni cati on system can accommopdat e paaets of differing | ength between 4
to 256 characters each, depending on the type of messages, snmall, coded,
etc, being transferred. Each packet contains fields of information such as
the type of nmessage, typically a 6 bit entry to distinguish between

possi bl e alterq&;ivqosgg%gg%forgat%, é%mmunlcatlon system operating
according to the principles of the present invention |is
illustrated in Figure 1. In Figure 1, a communication
system 10 is 1illustrated having a mobile receiver (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 at least occasional updated information,
status reports, or messages from a central communication
source. As previously discussed, truck drivers or various
drayage personnel often find automatic access to periodic
messages extremely useful for more efficient operation.

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 site costs and direct access for
message transmission equipment.

Alternatively, the Hub 14 is located 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, messagé centers, or communication offices 16 are
tied through a telephonic, optical or other communication
link to the Hub 14. In addition, for large numbers of

.\ remote customer nessage centeré, a message or hnetwork

' 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
Tflliiialtliiiifﬂlelnli{lzﬁ e
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| ength of the nessage, to all ow proper tracking, the body of the nessage,
and the checksum bits. There is also an address field of 24 bits associ ated
wi th each nmessage as di scussed further below. Those skilled in the art wll
readi |y understand that sone "zero packings will be used fromtine to tine
to as- sure a uniformfranme size regarg ess of overl appi ng nessage | engt hs,
varyi ng packet sizes and transmts- “rates, or enpty channels. However,
unused channels generally will have random data transnmitted to inprove
tracki ng and acqui sition of channels by re- ceivers. To assure that
each receiver is tracking and de- nodul ating a specified channel, a series
of codes aelephone 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, and
accounting, and otherwise control access to the
communication system 10. - ' _ ’

The Hub 14 employs an Extremely High Frequency (EHF)
transmitter at 14 GHz to establish an uplink communication
path with a geosynchronous Earth orbiting relay satellite
20. The uplink is 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 data
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 these transponders on
existing or new communication satellites already launched or
planned. The communication system 10 can take advantage nf
unused satellite capacity at these frequencies and does not
require the launching of its own dedicated satellites.

The Hub's transmission signal is transferred through a
diplexer 22 to an antenna 26. However, the diplexer is only
needed for two-way communication systems, such as where a .
return acknowledgment, message, or location signal is used,
or for sharing the antenna 26 with alternate transmission
systems.

A communication signal, deszgnated 24, is transmitted
through the antenna 26 to the communications satellite 20 at
the preselected uplink carrier frequency. The communication
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code masks can be used with the data to detect track- ing errors. In order
to further reduce interference by increasing isolation and, thereby,

i ncrease the sys- tem 10 nessage capacity, Frequency Hopping (FH) of the
carrier frequency can be used. An FH techni que spreads the power density of
the signal 24 over a large portion of the transponder 48 MHz bandw dth,
reduci ng downl i nk power density which m¥dmizes in- terference to other
comuni cati on services and pro- vides processing gain which the receivers
use in re-

signal 24 is received by the relay or repeater satellite 20.
where 1t may be translated to a second freguency for the
downlink transmission 28 using circuitry known in the art as
a transponder. Those skilled in the art of .
communications understand the apparatus needed to perform
this reception and conversion function which are known in
the art.

The transmitted downlink signal 28 is received by a
mobile receiver 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° (10
elevation beamwidth and 15-30° (15) azimuthal beamwidth.
The antenna 30 is mounted so that it is capable of being
continuously rotated over.a 360 degree arc and is connected
to an antenna peinting and tracking control system 74 for
tracking the satellite 20 as the vehicle 12 clianges position
relative to the satellite which is positioned in Earth
synchronous orbit. A&n exemplary antenna rotation mechanism
is found in co-pending U.S. Patent Application SN,
145,790,and an exemplary method of satellite tracking is
disclosed in co-pending U.S. Patent Applicafion SN. 145,176
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 are subsequently transferred
by communication system 10 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 highefih*or lower, data transfer rates when circuitry
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- 15 - jecting the interference of other services. The basic techni ques of
FH for transm ssions are known in the conmunication art and al so provide a
vehicle for spreading a signal out over a given bandw dth so that

transm ssion errors caused by frequency selective fading or other

transm ssive aberrations only affect al8mall portion of the signal. At the
sane tinme, frequen- cy hopping according to a preselected pattern allows

sonme degree of security for sonme system 10 users. In the preferred
enbodi nent, the FH schene
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 auéio nessage signals that are Kkeyed in by
system operators to form the desired message signals.

Each message signal can be subjected to a variety of
coding, encryption, or error detection and correction
schemes prior to-transmission. Where desired, individual
receivers 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 communication system 10, a two
step encoding process is implemented for all digital
messages or message data.

The first step comprises applying a system 10 checksum
algorithm on the digital data. In the preferred embodiment
the checksum algorithm employs on the order of 30 bits of
information to indicate the correct result of the checksum

: computations. An exemplary checksum formula would be the

) computation of the polynomial: x3° + x29+ X3+ X + X + 1.
When calculating this checksum the address field(see below)
is ignored so that channel addresses do not alter the
checksum.

The second step comprises encoding the data using a
Golay ([24,12) block code to encode every 12 bit block of
message information, including the 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
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conprises dividing the appropriate transponder into 240 frequenci es spread
over approximately 24 MHz. The hopping rate for the frequencies of interest
is on the order of 200 frequencies per' second covering each of the 240

di screte hopping frequencies before recycling. This means that the dwell
time for each fre- quency is about 5 mlliseconds. If each TDMfrane is
transmtted at a new frequency then eath4frane is 5 mlliseconds tong and
the size of each channel is 0.20 milliseconds in | engt h. The frequency
hop pattern can conprise a sim ple linear progression fromhigh to | ow or
vice versa, or a nore conplex pattern based on a pseudo-ran- domy

gener at ed £bEAHENG-HhEHLGIdaHE SEPRIENS 000 bits of message data forms a
10,000 bit encoded symbol stream for transmission,
Therefore, the system 10 transmission signal at 10,000
binary symbols or bits per second to accommodate the 5,000
bit per second input data rate. On the réception end the
code symbols or blocks are decoded to regenerate the 12 bit
blocks of message data. As known in the art the operation
of a Golay[24,12] or similar c¢ode acts to  minimize
transmission error by decreasing the impact of single bit
errors on a data stream throuéh 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 a phase and frequéncy modulated
carrier, at the preselected frequency, for transmission to
the satellite 20. During modulation each symbol is shifted
in phase from the previous symbol, either -3%0° to indicate a
logical 0 -or +90° to specify a logical 1. This 1is called
Differential Advance Retard Keying and improves acguisition
by the receiver pecause every symbol contains a. phase
transition. In addition, a direct sequence spread spectrum
modulation of the data may be used to spread the bandwidth
for transmission '

To and accommodate a large number of receivers at
potentially different burst rates, a Time Division
Multiplexed (TDM) transmissidn scheme is used. The ' TDM
approach divides the total transmitted (er received)
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However, those skilled in the art will also recognize that aTDM si gnal

W t hout frequency hopping will ben- efit greatly fromthe nethod and
apparatus of the present invention. Returning to the desired

transm ssion rate of 10,000 synbols per second or 1 synbol every 0.10
mllisecond, it is seen that each frame period allows 2 synbols to be
transmitted per channel. This would inplly-a transm ssion rate of 48 code
synbol s every frame. However, to inprove reception, the preferred

enbodi ment uses a fifty (50) synmbol transm ssion rate for each frame with
the first synbol period em ployed for settling tine to assure that the

recei ver hag,dackefl PRLS teRflobhe LMRReMdHY diS ACLHES! 8EYpribbReRnined
length. Messages or message signals transmitted by the
communications system 10 or relay satellite 20 are allocated
. portions of this time controlled seguence known as channels,
~and no other signal uses the system at exactly the same
time. The allocated portions Br channels are very small,
temporally, and their interleaving across successive frames
very large so that communication appears simultaneous to all
receivers. 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.

Figure * 2 illustrates a graphic representation of the
resulting signal format for the communication signal 24
using the TDM frames. In Figure 2, the TDM communication
signal 24 comprlses a series or train of successive fixed
‘duration frames within which messages or data are
transmitted. Each frame consists of a number of channels
which represent substantially identical, sub-frame length

" periods over which data is 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 freguency
hopping schemes as described below.

When using the TDM approach, information is generally
sent over the communication signals 24, 28 in discrete
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- 16 - the selected frequency and not offset due to the changing
characteristics of the frequency source. The second synbol period is
used as a phase ref- erence for the third synbol in the streamof fifty
sym bols, which is the first nessage synbol. Each succes-

-16- )

packets. The communication system can accommodate packets
of differing length between 4 to 256 characters each,
depending on the type of messages, small, coded, etc., being
transferred. Each packet contains fields of information
such as the type of message, typically a € bit entry to
distinguish between possible alternative systeﬁ formats, the
length of the message, to allow proﬁer 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 regardiless
of overlapping message lengths, varying packet sizes and
transmission rates, or empty channels. However, unused
channels genérally will have random data transmitted to
improve tracking and acguisition of channels by receivers.
To assure that each receiver is tracking and
demcdulating "a specified channel, series of codes or code
masks can be used with the data to detect tracking errors.
.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 technigue spreads the power density of
the signal 24 over a large portion of the transponder 48
MHz bandwidth, reducing downlink power density which
minimizes interference to other communication services and
provides processing gain which the receivers use in
rejecting the interference of other services. The basic
~techniques of FH from transmissions are known in’ the
communication art and also provide a vehicle for spreading a
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sive synbol is used as a phase reference for the next This relies on a
differentially coherent denodul ati on schene as opposed to an absol ute phase
ref erence since absolute reference approaches are nore comt plicated and
very difficult to achieve in this type of nobile comunicati on system

The code bl ocks or "synbols are divided into alter- nating groups or
sequences. That is, every othercode bl-ekk-is sel ected and placed in one 24
synbol group for transm ssion. This separates every other code synbol from
its adjacent synbol which spreads code. synbols that are close together in
code to be far apart in tinme. This interleaves the code bl ocks to provide a

means of niaLgLgi ngugl 9RRle el O A B LA&I 1 @En® so  that transmission
errors caused by freguency selective fading or other
transmissive aberrations only affect a small portion of the
signal. At the same time, fregquency hopping according to a
preselected pattern allows some degree of security for some
system 10 users. _ _

In the preferred embodiment, the FH scheme comprises
dividing the appropriate transponder into 240 frequencies
spread over approximately 24 MHz. The hopping rate for the

- frequencies of interest is on the order of 200 frequencies
per second covering each of 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 5
milliseconds long and the size of each channel 1is 0.20
milliseconds in length.

The frequency hop pattern can comprlse a 31mple linear
progression from high to low or vice versa, or a_ more
complex pattern based on a pseudo-randomly generated

. | frequency selection sequence. 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 48 code symbols every frame. However, to improve
reception, the preferred embodiment uses a fifty (50) symbol
transmission rate for each frame with the first symbol
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burst of errors in a sequence by spreading the nes- sage signal over a w de
si gnal bandw dt h. The FH TDM type comruni cation signal 24 is
transmtted by the Hub 14 through the relay satellite 20 to all of the
receivers within a given geographi cal zone or region serviced by the
satellite. This zone can be as |arge a8an entire country, or as narrow as
a small state as the application demands. However, re- gardless of the zone
covered by the satellite, each re- ceiver in that zone nust detect,

nonitor, and denod- ulate the signal 28 in orderto receive nessages. |If the

Tesatder BRE N BRI A0 R tLling | Biaf o ekdnylecRaE, ene

si gnal torassiverr das 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 period is used as a phase reference
for the third symbol in the stream of fifty symbols, which
is 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 very difficult to achieve in this
type of 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.
Thic 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
biocks to provide a means of minimizing signal errors
generated as a bﬁrst of errors in a sequence by spreading
the message signal over a wide signal bandwidth.

The FH-TDM type communication signal 24 is transmitted
by the Hub 14 through the relay satellite 20 to all of the
receivers 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 as the
application demands. However, regardless of the zone
covered by the satellite, each receiver in that zone must
detect, monitor, and demodulate the signal 28 in order to
.receive messages. If the messages are simply applied across
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ception of a relevant nmessage. This is required be- cause every nessage
header or lead-in in every channel would have to be scanned by each

receiver to verify which receiver is designated to receive the nessage. For
| arge numbers of users this requires - 17 -

-19-~

all of the channels, then each receiver has to continuously
track, demodulate and decode the entire signal to assure
reception of a relevant message. This is required because
every message header or lead-in in every channel would have
to be scanned by each receiver to verify wnlcn receiver |is
designated 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 receiver selection is
accomplished using a new receiver addressing technique for
TDM communication signals which comprises a two  part
addressing scheme.

In this technique each receiver is assigned a specific
system address which is known to all Hub 14 transmitters or
system management centers 18 used by the communication
system 10. The receiver address is a unique address which
establishes an individual identity for each receiver in the
system. The address for each receiver is generally set at
the. factory and can be made unchangeable by the end user (in
the field). to prevent security problems or  improper
monitoring and response to messages. However, the address
can be made dynamically adjustable depending upon the system
requirements or costs. In the preferred embodiment, the
receiver addresses are designated or determined by a 19 bit
address term making approximately 524,288 (219) receiver
addresses available which allows a very large number of
users for the message communication system 10.

The next step is to divide the total number of channels
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very hi gh speed, conplex, denodulation circuitry to acconplish. Since speed

and conplexity increase system cost and decrease reliability, this is

undesir -

abl e. In the present invention receiver selection is ac-

conpl i shed using a new recei ver addressing techni- que for TDM

communi cation signals which conprises—a0two part addressi ng schene.
this technique, each receiver is assigned a specific system address which

is known to all Hub 14 transmtters or system nanagenment centers 18 used by

t he conmuni cation system 10. The receiver ad- dress is a uni que address

whi ch est abI | shes Ni-rhé

The ad-

between 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 numbers of
can be used for the total number of channels and the number
of address channels depending upon specific system
requirements. Generally the ration of A address channels to
D data channels should be equal to the ratio of the number
of data bits in a message to the total number of
transmitted bits (message plus address).

The A address channels are used to transmit address
designations for those receivers whose messages are being
transmitted by the Hub 14. The D data channels are used to
transmit the messages for the designated receivers. The
transmission of a message address precedes each message by a
predetermined period of time to allow a receiver 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 receiver 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
is when there are an average number of few messages but they
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dress for each receiver is generally set at the factory and can be nade
unchangeabl e by the end user (in the field) to prevent security problens or
i mproper nonitoring and response to nessages. However, the address can be
made dynam cal |y adj ustabl e de- pending upon the system requirenents or
costs. In the preferred enbodi ment, the,receiver addresses are designated
or determned by a 19 bit address term nmaki ng approxi mately 524,288 (219)
recei ver ad- dresses available which allows a very | arge nunber of users
for the nessage communi cati on system 10. The next step.is to divide the
total nunber of channels N (here N=25) in the FH TDM communica- tion
signal s 24mna 1B heximen danabtbresThgomyisdiemimay find it advantageous

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

Each message has an address segment of 24 bits
associated with it which is segregated from the message and
transferred over the address channels to flag an appropriate
receiver. While each receiver is assigned an individual and
unique system address, receivers can also respond to
specialized "system" address as well. That is, each is also
provided access through a "group" address (if applicable),
an -"all-call" address, and other '"conditional" addresses.
By providing these alternate addresses to which a receiver,
can respond, it is possible to very efficiently transfer
single messages to an entire system or a group of receivers
without sending the same message to every designated
receiver over a long transmission period. This also
provides for the transmission of system ¢type information
.éuch as-time of day, service changes, etc to all receivgrs
on a periodic basis, by interleaving these types of messages
into otherwise unused channel capacity.
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A channel s and a data or nmessage portion of D=N-A channels. In the
preferred enbodinment. Ais 4 and D is 21. However, other nunbers can be
used for the to- tal nunber of channels and the nunber of address
channel s, dependi ng upon specific systemrequire- nents. Generally, the
rati o of A address channels to D dataZ®mannels should be equal to the

ratio of the nunber of data bits in a nessage to the total nunber of
transmtted bits (message plus address).

since the communication system uses only a few, A,
channels out of N possible channels, the address information
is transmitted at a rate of A/N times the frame rate. This
means that the address for messages is transmitted at a
fraction of the communication signal rate allowing each
receiver to monitor the communication signal' 28 at this
lower rate until it detects its address. When a receiver
detects its address, accompanied by a channel assignment,
the receiver switches to the appropriate channel and begins
demodulating and receiving the message. Therefore, it will
be apparent to those skilled in the art that receivers are
not demodulating nor decoding the entire, or even a majority
of the communication signals transmitted by the
communication system 10. This allows a less complex and
slower speed reception circuit which reduces power and cost
while increasing reliability and ease of construction.

Reception and decoding of  communication signals 1is
illustrated in further detail in Figure 3. In Figure 3, an
incoming communication signal comprising interleaved code
symbols 50 is received by a receiver on a series of signal
channels 52 which are frequency hopped in a sequence of hops
54. 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 receiver and the second being used to
obtain 'the phase required to track the next symbol.
Therefore, there are 48 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
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- 18 - The A address channels are used to transmt ad- dress

desi gnations for those receivers whose nes- sages are being transmtted by
the Hub 14. The D data channels are used to transmt the nessages for the
designated receivers. The transm ssion of a mes- sage address precedes each
nmessage by a predeter- mined period of “28me to allow a receiver to adjust
Its tracking circuitry and synchronize with the appropri- ate channel
before the arrival of the nmessage. The address channels are typically
desi gnated as system channels 1, 2,3, .. etc. However, these chan-

second series of symbols shown in Figqure 3 as "A"™ symbols
and "B" symbols. 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.

For every block of 24 symbols, "A" or "B", a
Golay([24,12) decoding step is performed to yield 12 bit
blocks of transmitted data. This data will be generated or
received at about 5,000 bits per second as originally
transmitted. The 12 bit blocks of information now comprise
a series of address assignments or messages depending on
which channel they were received on.

The messages are received on the data channels 56
while address information is received. on the address
channels' 58. Both message and address code. symbols are
sorted into 24 bit code ‘blocks 60 using a sorting step -and
apparatus, and decoded into successive 12 bit blocks 62
using a Golay([24,12] decoder.

The output of the address channels 56 comprise 24 bit
length information sequences 64 which use 19 bits to specify
the receiver address within the communication system 10 and
5 bits to indicate a channel selection for receiving a
message. The output of the message or data channels 58
comprise a series of successive 12 bit blocks 68 which
comprise a header that indicates the +type of message,
includiné its 1length, a main body of the message and a
series of chksum bits for error detection. The length of
the incoming message is important so that the receiver can
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nel s can be separated by data channels where chan- nel tracking either
permts or desires this spacing for receiver denodulation. In addition, the
nunber of channels can be dynami cally adjusted by the system 10 to
accomodat e several problem situations. One problem arises"when there are a
great nunber of nes- sages, saturatingg-he address channels but the nes-
sages are short, thus |eaving excess data channel ca- pacity. In this

situation, a data channel could be re- assigned to be an address channel.
The opposite problemis when there are an average nunber of few nessages

but they are all maximum | ength. The sys- temmay find it advariiigeous ta
use one @rapeRrhy- BFasK ERgnSATLTGHM %9?0°He§F8¥§ ﬁiﬁ?ruﬁﬁéﬁc%€l°n

of error if the entire message is not received.

As previously discussed, it is clearly understood that
address information for a receiver is sent before the
message is transmitted on a data channel. The amount of
nlead time" for transmitting address informatibn depends on
the channel switching speed of the receivers 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 receiver to
properly and accurately track the designated channel.

- An exemplary receiver for receiving the communication
signals and providing a message output is illustrated in
schematic form in Figure 4. In Figure 4 a receiver 70 is
shown for receiving and demodulating communication signals
from the Hub 14. The receiver 70 is connected to the
antenna 30 through a diplexer 32  for receiving the satellite
downliﬁk signal which is transferred into a demodulator 78
for demodulation into an encoded digital message signal.
The demodulator B0 is synchronized with the modulator used
in the Hub 14 or the satellite 20.

As previously discussed the receiver 70 does not have
to demodulate the entire communication signal 28.
Synchronization for the receiver 70 is accomplished by
tracking and synchronizing with the frequency hopping
pattern of the communication signals. Once a receiver has
synchronized with the frequency hopping of the TDM signal
frames then the internal frame timing is automatically
detected as well.
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nmessages bei ng backl ogged. Each nmessage has an address segnent of 24
bits associated with it which is segregated fromthe nessage and
transferred over the address channels to flag an appropriate receiver.
Wil e each receiver is assigned an individual and uni que system address,

receivers can also respond to specialized "systenml addresses as well. That
I's, each is also provided ac- cess thfﬁﬁﬁh a "groups address (if
applicable), an "all- call" address, and other "conditional" addresses. By

provi ding these alternate addresses to which a re- ceiver, can respond, it
is possible to very efficiently transfer single nmessages to an entire
systemor a The mobile receiver or terminal 70 incorporates a

microprocessor or similar controller 72 for implementing
signal processing, acguisition, and demodulation . functions.
A low noise amplifier 76 and conventional down-conversion
chain provide a signal to the__microprocessoq for signal
acquisition, tracking and demodulation.

The antenna 30 is generally swept through a series of
360° arcs 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 subsequent receiver or vehicle 12
movement.

Many of the individual functions performed by the
microprocesor 72 are illustrated as seperate elements in
Figure 4 for purposes of clarity. However, §hése skilled in
the art will readily appreciate that many of the functions
surrounded by the dashed line 73 can be performed in a
single miniaturized circuit or integrated circuit based
microprocessor and related support chips. '

A receiver address storage element 82 is connected to
the demodulator 78 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 72. 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
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- 19 - group of receivers without sending the same nes- sage to every
desi gnated recei ver over a long trans- m ssion period. This al so provides
for the transm s- sion of systemtype information such as tine of day,
service changes, etc., to all receivers on a periodic basis, by
I nterl eaving these types of messages into

_26_

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 72. This would allow
individual communications system 10 users to move between
receivers which are permanently installed in a variety of
vehicies and automatically receive  messages without
informing a central dispatcher of a new receiver location.

Oonce 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
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
chksum verification process.

The demodulated communication signal is transferred to
a decoder 80 where Golay decoding occurs. At the same time
a PN code source or other related code storage element 84
provides any necessary code sequences required to further
decode a received message.
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ot herwi se unused channel capacity. Since the comruni cati on system uses
only a few, A channels out of N possible channels, the ad- dress
information is transmtted at a rate of AANtinmes the frame rate. This
means that the address for nes- sages is transmitted at a fraction of the
comuni ca- tion‘signal rate allow ng each receiver to nonitor the

comuni cation signal 28 at this lower tate until it de- tects its address.
When a receiver detects its ad- dress, acconpanied by a channel assignnent,
the re- ceiver switches to the appropriate channel and begi ns denodul ati ng
and receiving the message. Therefore, it will be apparent to those skilled

in the art that pheCQabodds WSt HEEBARA Pt bRJ tRMpSIRPH] POstHLe@NiAT &,

o memory element 86 before visually being displayed by a
display element 88. Alternatively, the message can be
interfaced to other processing elements through  the
interface 92 or printed out by the hard copy device 90.

' what has been described, then is a new method and
apparatus for transmitting nessages from central
communication stations to one or more remote, mobile,
receivers which allows low 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 énd 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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even a majority of the conmunication signals trans- mtted by the

comuni cation system 10. This allows a | ess conpl ex and sl ower speed
reception circuit which reduces power and cost while increasing reli-
ability and ease of construction. Reception and decodi-fRg @fet Has Been Replaced
comuni cation sig- nals is illustrated-2&=further detail in

Figure 3, an incom ng conmuni cation signal conprising in- %ﬂ!mEE% gﬂﬁ
synbols 50" is received by a receiver on a series of signa

whi ch are frequency hopped in a sequence of hops 54. The digital code

symbol s conprise the code bl ock synbol s bed above and are received at

a rate of two synbols per channel per frequency hop. There are two extra
sym

1. A communication system for sending messages from
central communication stations to one or more of a plurality
of mobile receivers through Earth orbital relay stations
using Time Division Multiplexed communication signals,
comprising:

at least one central communication station having
transmission means for transmitting a TDM communication
signal which comprises a series of N-channéls, with D data
channels, for D < N, used exclusively for transmission of
message data and A address channels, where A = N - D, used
for transmission of address information in the form of
receiver addresses for receivers ‘designated to receive

 messages from said station and corresponding ones of said D
channels on which said receiver message is transmitted.

2. The communication system of Claim 1, wherein said
central communication station further comprises:

receiver assignment means for detecting which of said
plurality of receivers 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 receiver
address and an associated channel assignment onto one of

said A channels in response to input messages intended for a
receiver; and
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bol s received during each hop with the first disregard- ed or |ost ‘due to
settling of the receiver and the sec- ond being used tg;Qplaln hase

t h
required to track the next synbol. Therefore, there ar e epaged
- 20 - frane in each hop and 48 synbols received for e(;H m ﬁ er 24
hops. After 48 synbols are accunu- -29-

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.
3. The communication system of Claim 2, wherein said
" central communication station further comprises:
at least one narrow-beam antenna;
conversion means for converting information to be
transmitted to a receiver into a digital message at a
predetermined transfer rate.

4. The communication system of Claim 3, wherein said
transfer rate is at least 5,000 bits per second.

5. The communication system of Claim 1- wherein said
digital message signals have predetermined transmission
periods.

6. The communication sysiem ‘of Claim 1  further
comprising:

at least one mobile receiver station, having receiver
-means for detecting, demodulating and decoding said TDM
communication signal at a rate of about A/N D times the
transmission rate of said communication signal, said
receiver being adjusted to receive said A address channels
when not receiving a message; and
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| at ed they are sorted into a first and second series of synbols shown in
Figure 3 as "A" synbols and "B" synbols. This process renoves the i
interl eaving pre- viously inpressed on the code synbol s abhid$heyt HiEeen Replaced

transmtted. As can be readily understood by those skilled t

those synbols that were close in code are transmtted far mﬂw L
whi ch provides isolation fromerrors as.yjg£vi ously di scussed. ry
bl ock of 24 synbols. "A or "B", a Go- |ay[24,12] decoding step is perforned

to yield 12 biit bl ocks of transmtted data. This data will be generat- ed
or received at about 5,000 bits per second as orig- inally transmtted. The

12 bit bl ocks of inforfatlon now conpri se a series of address, assi gnnents
or channe selectlon 'means connected to said recelver

means for adjusting said receiver means to demodulate only a
designated one of said D message channels of said TDM
communication signal according to a channel assignment
received for said mobile receiver on said A  address
channels.

7. The system of Claim 6 wherein said a mobile
rece;ver, comprises:
a2 narrowbeam antenna;
" receiver means for receiving said communication signal;
a2 derultiplexer, comprising:
address storage means for recording and storing a
preassigned address for said receiver; and
means for demultiplexihg, said TDM communication
signal over a time interval equal to at least one time-
interval for channels in az signal frame depending upon the
encounter of said preassigned address for said receiver.

8. The system of Claim 1 further comprising a message
.display device connected to said demultiplexer for
displaying in wvisual form a series of alphanumeric
‘characters for displaying a message.

8. The communication system of Claim 1, wherein each
‘of said messages has a predetermined maximum length M and a
ratio of A to D is approximately equal to a ratio of a cum
of digital bits wused to define a receiver address and
channel designation to a sum of bits used to define each of
said messages. '

This is the replacemant sheet

R O

2 6 FEB Wyt



nességes dependi ng on which channel they were re- ceived on. The
nessages are received on the data channels 56 while address information is
received on the ad- dress channels 58. Both nessage and addriagsh&O8Ss

synbols are sorted into 24 bit code bl ocks 60 using a sorting Replaced
apparatus, and decoded into succes- siyg,12 bit blocks 62 usi m ”‘ m
Gol ay[ 24, 12] decoder. The out put of "t he address channel

24 bit length information sequences 64 which use 19 bits to specify the
recei ver address within the com nunication system 10 and*5 bits to

I ndicate a channel selection for receiving a nessage. The output of the
nmessage or data channels 58 conprise a series of

10. A method for sending messages from central
communication stations to mobile receivers through Earth
-orbital relay stations, comprising:

generating a TDM communication signal which is divided
into a series of N transmission-channels:

providing digital méssages to be transmitted on said
channels;

assigning at least one receiver destination to each
message;

, assigning at least one of D data channels to each of

said messages where D < N;

transferring each of said messages on at least one of
said D channels;

transterring said channel assignment onto one ot A
address channels where A = N - D;

detecting, demodulating and decoding said TDM
communication signal by at least one mobile receiver;

adjusting said receiver to detect only one of said D
data channels of said TDM communication signal in response
to said address assignments transmitted on said A address
channels; and

demodulating said one data channel according to said
assignment.

11. The method of Claim 10 further comprising the
steps of applying a Golay([24,12] block coding process to
said digital message prior to transmission and applying a
Golay[24,12] block decoding process to symbol data received
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successive 12 bit bl ocks 68 which conprise a header that |ndicates the
type of nessage, including its length, a main body of the H@QR ham
series of chksumbits for error detection. The | ength of t

nmessage i s inportant so that the recei V8P can properly tra

nmessage or provide an indi- cation of error if the entire nessage

recei ved.

on said one demodulated data channel for each receiver.

12. The method of Claim 11 wherein said Golay coding
step generates digital symbol data at a rate on the order of
10,000 bits a second.

13. The method of Claim 10 further comprising the
steps of performing a checksum computation on input digital
messages in said transmission means and on corresponding
demodulated symbol data in said receiver.

14. The method of Claim 10 further comprising the step
of hopping a transmission frequency of said TDM
communication signal on a predetermined periodic basis over
a preselected number of frequencies.

O

This is the replacement sheet

Date: 2 & FEB 1997



- 21 - As previously discussed, it is clearly understood that address
information for a receiver |s sent before the nessage is transn1tted on a
data channel. The anount of "lead time" for transmttingl ﬂEHSEi

mat i on depends on the channel sw tching speed of the rece

known by those skilled in the art The address nust be pro the
nessage by a tine period equal to this switching tine plus sone s

time. for the receiver to properly and aggw ately track the de5|gnated
channel . An exenpl ary receiver for receiving the comu- nication
signals and providing a nessage output is il-

MULTIPLEXED ADDRESS CONTROL IN A TDM COMMUNICATION SYSTEM

ABSTRACT
A message communication system employing one or more centralized communication Statioqs
(22)transmitting messages through Earth orbit relay satellites (20) to mobile receivers (10)
utilizing Time Division (TDM) communication time frames divided into series of
transmission channels. A predetermined number of the ghannels are designated as address
channels with the remainder being used by data transfer. Information transmitted on the
address channels is used by receivers to determine both the presence of a message and its
' corresponding data transmission channel. Each system rgciever (70) scans, and tracks only
the communication signal address channels u_nu'l a message addressed to that receiver is
detected, at which time the selected receiver changes channels to the designated data channel
for the reception of the message. Thus, demodulation of the entire c;ommunicaﬁon signal is
not required and processing time and power is reduced fojr the typical waiting condition when
messz;ges are not being received. While a message is being received only a portion of the
coﬁimunicaﬁon signal need be received, and demodulated and decoded. The decoded message

is then displayed on a display screen (88) or similar device for the recipient.

Fig.4
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| ustrated in schematic formin Figure 4. In Figure 4, a receiver 70 is
shown for receiving and denodul ati ng communi cation signals fromthe Hub 14.
The receiver 70 is connected to the antenna 30 through a T} r 32 for
receiving the satellite downlink signal which is transfer@kgh&(ﬁaﬂa A Replaced
denodul ator 78 for denodul ation into an g¢ncoded digital Wwyﬂ‘ H llThe
denod- ulator 78 is synchronized with thé nodul ator used i r
the satellite 20. As previously discussggy the receiver 70 does not
have to denpdul ate the entire (@ENi catigh signal 28. Synchronization for

the receiver70 is acconplish- ~t+4 acki g gpdrsynchroni zing with the
frequency hoppi ng pattern of the—tommuni catf siignal s. Once

—~

24

26
2§ \_S\ 28
A . .
- | o Y4

upP DOWN
LINK LINK \I4

HUB FACILITY ' \

- P
NETWORK .CUSTOMER

MANAGEMENT [*—™
CENTER ACILITY

10

FIG. |

FRAME CHANNELS
A —N

r N Y

e » 8 ® = » . o8 & a @ .

RE CDATA CHANNELS

ADDRESS CHANNELS

FIG. 2

This is ihe replacement sheet

2 6 FEB 1997



a receiver has synchronized with the fr
frames, then the internal frame timng
The nobil e receiver or termnal 70 inco
simlarcontroller 72 for inplement- in
and denodul ation functions. A |low nois
down- conversi on chain provide a signha

equency hop- ping of the TDM si gnal
is autonatically detected as wel | . -
rporates a mcronﬁmheﬁﬁwBe@:{Rmaced

g signal processin MI H(m

e anplifier 76 and
to the mcro- proce

acqui sition, tracking and denod- ulation2
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- 22 - The antenna 30 is generally swept through a ser-—-ies-of 360[err}-

arcs until a signal is detected fromthe sat- ellite 20, in the receivers
frequency range, above a predetermned threshold. At thisTft B

nore tracking and signal processing algorithns are used to H
direction of highest signal strength add the antenna tracks

lagpd

n

rel ative to subsequent receiver or vehicle 12 novenent. Many of the
i ndi vi dual functions perforned by the

28
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50 TRACKING & |~
POINTING 20
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2 | I ' 82
76 K -
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<« ADDRESS
s DEMODULATION ST ORAGE
) i
r /80 7\ /34
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m croprrocesor 72 are illustrated as seperate ele- 'ntﬁr)-w .lfl pr ‘ 6 1S SG
puriposes of clarity. However, those skilled in the grfy .. 5 ead T o paged 2.
appreci ate that many of the functions surrounded by thepda hgd rFﬁéd - {0apaged 2.
be perfornmed in a single mniaturized circuit or in P ol I‘Fd stegpaged 7.
m croprocessor and relat- ed support chips. Ar ce| ver “Shgr eRiged tBriggeged ..
element 82 is con- nected to the defoddl ator 78 for the addr ess

St OI’ I n
e L L% el O S AR R S .

com prises a snmall ROMor simlar rrermrgqscligﬁl ce con- nect ed to the

m cr oprocessor 72. The B@@ﬁﬁtf@ﬁ be

BACKGROUND OF THE INVENTION

Field c_:f the Invention

The present invention relates to communication
systems and more particularly to telecommunication
systems employing central message transmitting sta-
tions and Earth orbit relay satellites to send messag-
es to maobile receivers. The invention further reiates
to a method and apparatus for transferring messages
to one ormore of a plurality of receivers using narrow-
band, muitipiexed, receiver addresses and channel
assignments to reduce signal demodulation require-
ments for each receiver.

Background of the Art

There is an ever increasing need for a variety of
haif-duplex communication systems to provide mes-
sage delivery or brief transfers of information from a
central control station to a multiplicity of remote sys-
tem users. There are a substantial number of com-

“mercial, governmental, and private applications re-
quiring the delivery of messages to a large number of
geographically dispersed terminals, or mobile receiv-
ers, often on an irregular basis. Applications for mes-
sage services include such diverse uses as govern-
ment services (military, law enforcement, legislative)
where secure communications are desired, forestry
services, disaster relief or coordination, and commer-
cial transport or message delivery services.

Other examples include the interstate trucking in-
dustry where dispatchers wish to communicate short
messages to trucks located anywhere in continental
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hardw red into the m croprocessor structure itself such as in the case of
scriatch nenory, or internal RAM al t hough this nay not be convenient or cost
ef- fective in many applications. In addition, the use of a separate nenory
el enent allows alteration by ser- vice personnel at a future tinme where
needed. It is also possible to stgrg_jhe recei ver address on a portable
storage el enent such as a magnetic strip or cartridge mhlch can be read by

a card reader (not shph@) p{m Guch bbﬁ‘!lﬁhﬁ'iﬁﬁ&?%%ﬁ 3 s would

B o el vl comBRRERL BBpRbriS Sopamiicatians B nﬁ%ﬁéﬁgﬁfrs

cally receive messageal'Iﬂabentra! dispaﬁdlgrarcentaeﬂperson Currently,
truck drivers must call long distance from many re-
mote geographic locations to retrieve messages orto
update delivery and pick-up schedules. However, itis
hard, if not impossibie, for drivers to consistently "call
in" at fixed, scheduled, times since telephone servic-
es are notalways readily available in many areas. The
conventional “call in" approach also creates account-
ing 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 transfer-
red.

Aside from conventional telephone systems,
other communication systems have attempted to ad-
dress the mobile market. Radio telephone, cellular
telephone, and portable radio transceivers (CB) are
all capabie of providing some form of communication
between a mobile receiver and a2 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 tele-
phone, employ frequency reuse across an array of
cells to increase capacity, with each cell having a
shorttransmission 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 a new cell.
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dispatcher Qf a new receiver |ocation. - 23 -
Once a receiver address matching that stored in the address storage 82 is

detected, the channel des- ignated by the corresponding address information
is al so received and registered by the receiver 70. The

Cellular systems economicaily serve large met-
ropolitan areas but leave many urban and most rural
areas without any service or direct coverage. Mes-
sages for these areas are switched to conventional
telephone or satellite carriers for long distance trans-
fers.

Direct communication, non-cellular, using tradi-
tional mobile radio transceivers also requires con-
stant monitoring of a variety of frequencies, all of
which are crowded with existing traffic. These servic-
es, like cellular telephone, are subjectto frequent sys-
tem overload and signal degradation from several in-
terference 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 are proposed increasingly as the new
approach to solve many communication probiems,
especially coverage of geographically diverse, low
user density or rural areas. Several systems have
been developed to operate through orbital relay sat-
ellites and central communication stations. Examples
of such systems are found in U. S. Patent Nos.
4.455.651 and 4,504,946.

However, the high gain, low interference require-
ments imposed on such systems, especially in re-
gards to adjacent Earth orbit relay satellites or concur-
rent satellite users, requires the use of large receiver
antennas on the order of 4 feet or more in diameter,
which eliminates mobile applications. In addition, cur-
rent satellite systems must comtend with low data
transfer rates which limit the number of users and
amount of data transferred. Otherwise, tracking and
demodulating a high data rate satellite signal requires
very high speed, complex and expensive, receivers
that consume a lot of power for signal scanning and
processing even when not receiving messages.
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receivel 70 automatically swi tches to synchronize re- ception on that
channel and begi ns denodul ati ng a nessage signal . If the antenna fails
to track the communication signal 28 at any time during the reception of a
nmes- sage, or any type of signal failure or blockage occurs, one or nore
errors wll be detected in signal denpd- ulation and no nessage w | |
bedi spl ayed. Such errors could includé premature termnation of the nessage

before the length, tiWhatiseneéded isa thmmunication systsmothathe failure of
< trane. ferred %“W%ecoﬁ °§%ﬁﬁgﬁg¥<§ﬁg§§§§€§§%§ds@a§"’é~“' catton stana
communmtnon parameters or control informa-
taon to a large number of users over a large geograph-
ical area. The system also needs to be cost effective,
simple to operate, maintain, and install, and minimize
antenna requirements.

SUMMARY OF THE INVENTION

With the above problems of the artin mind it is a
purpose of the present invention to provide a wave-
form or modulation scheme that provides perfor-
mance comparabie to a predetermined signal to inter-
ference ratio in any interference scenario encoun-
tered.

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

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

One advantage of the present invention is a high
performance, cost effective, and flexibie implementa-
tion.

Anocther 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 ter-
minals.

An object of the invention is to allow flexibility in
the data transfer rate so that receivers of differing
transfer rates or capabilities are efficiently accommo-
dated.
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At the=sane time, a PN code source or other related code storage el enment 84
provi des any necessary code sequences required to further decode a re-

cei ved nessage. The decoded nessage bits nmay be tenporarily stored in a
nmenory el ement 86 before visually being displayed by a display el ement 88.
Alternatively, the nessage can be interfaced to other processing ele- nents
through the interface 92 or printed out by the hard copy device 90.

What has been descri bed, Yetamotheradvantage ofthe systern thatresults
emore, b1 o eocl PO ﬁéﬁe*é%ﬁ&‘?#‘fﬁﬁtﬁﬁ%@é@éﬁﬂ@t&f?”e or more
be used to compensate for unequal downlink power
density across large geographical areas.

These and other purposes, objects, and advan-
tages are reaiized in 2 message communication sys-
tem for sending messages from central communica-
tion stations to one or more mobile receivers through
Earth orbital relay stations using Time Division Muiti-
plexed communication signals, by employing at least
one central communication station having a transmit-
ter producing a TDM communication signal which
comprises N serial channels, with D data channels,
for D < N, used exclusively for transmission of mes-
sage data and A address channels, where A=N-D,
used for transmission of address information in the
form of receiver addresses where messages are des-
ignated to be sent from the station and corresponding
data channels on which the message is transmitted.
An exemplary embodiment employs 25 channels with
4 address channels and 21 data or message chan-
nels. o

The central communication station employs a re-
ceiver assignment device which determines the re-
ceiver each message is directed to and a channel as-
signment device for assigning each message to at
least one of the data channels for transmission. An
address controller transfers one receiver address
and an associated channel assignment onto one of
the address channels in response to input messages
intended for each receiver. Alternatively, a plurality of
receivers are designated where a message is intend-
ed for several receivers in the system. A message in-
put control device is connected to the channel assign-
ment device and receives digital messages and trans-
fers them onto designated data channels in response
to an assignment from the channel assignment de-
vice at a rate of one message per channei. The input
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tion of term nal equi pnment which achieves a high per- formance | evel

_ _ \ in a
vari ety of interference environ- nents. The foregoing description of
preferred enbodi - nents has been presented for purposes of illustration

- 24 -
-6 -
message data is nominally transferred at arate onthe
order of at least 5,000 bits per second.

in a preferred embodiment the communication
system applies Golay{24,12] block coding to the dig-
ital messages prior to transmission and applies a cor-
responding Golay{24,12] block decoding process to
resuiting symbol data when received. The Golay cod-
ing generates 2 digital symbols for each data symbal
resulting in a channel transmission rate on the order
of 10,000 symbois per second. In addition, a check-
sum computation is performed on input digital mes-
sages with a series of bits being added to the end of
the message for checksum verification by the receiv-
er.

In further aspects of the invention, the operating
frequency of the TDM communication signal is fre-
quency hopped on a predetermined periodic basis
over a preselected number of frequencies to de-
crease the power density of the communication sig-
nal.

Each message has a predetermined maximum
bit length. The ratio of the number of address chan-
nels to data channels is approximately equal to the ra-
tio of the number of digital bits used to define a receiv-
er address and channel designation to the number of
bits used to define each of the messages. Digital
message signals are generally padded with zeros
where necessary to have pradetermined transmis-
sion lengths.

The central communication station uses a con-
version means to convert incoming message informa-
tion 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 communication signal. Atransmitter is connected
to at least one narrow-beam antenna which directs

communication signals to a preselected orbiting relay
satellite.
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and description. It is not intended to be exhaustive nor to limt the

I nvention to the precise formdisclosed, and nany nodifications and
variations are possible in |ight of the above teaching. The enbodi nents
wer e 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 in- vention in various enbodi nents and with various

nodi fications as are s‘llheqxbmmaﬁigaggﬁtw ofupe predentinvess ed. It is
e Al enr'e Yt B8 chBBite WA “;véfg%av?sgdefaw r% L 2 and

rectabie, narrow-beam antennas connected to a de-

muitiplexer and other means for detecting, demodu-

lating, and decoding the TDM communication signal

to receive message data. The receiver demuitiplexes

and demodulates the communication signal at a rate

of only 1/N times the transmission rate when receiv-

ing data. An address storage means records and

stores a preassigned address used exclusively for

that receiver. Alternatively, the address storage can

store system or class type addresses for polled or

broadcast messages and may be reprogrammed ac-

cording to new address assignments transmitted

from a central communication facility.

When an address assignment is received along
with an assaciated data channel designation, the re-
ceiver is automatically adjusted by a channel selector
to only receive and demodulate the designated data
channel portion of the communication signal. Coded
data received on the designated channel is demodu-
lated, decoded where necessary, and transferred to
a message display device for displaying the message
in visual form, as a series of alphanumeric characters
on a display screen. Alternatively, a small print out
such as by a small thermal printer can provide hard
copies of messages for later reference.

If reception of the communication signal is lost
prior to completion of the message or the message
reaches a natural termination point, the channel se-
lector automatically readjusts the receiver to demul-
tiplex the communication signal and demoduiate ad-
dress channels.

BRIEF DESCRIPTION OF THE DRAWINGS

The novel features of the present invention may
be better understood from the accompanying de-
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- 25 -* Cains 1. A conmunication systemfor sending nessages from
central communication stations to one or nore of a plurality of nobile
recei vers through Earth orbital relay stations using Tine Division

- 8 -
scription when taken in conjunction with the accom-
panying drawings in which:
Figure 1 illustrates an overall diagram of a com-
munication system operating according to the
principles of the present invention;
Figure 2 illustrates an overview of the frame and
channel muitipiexing of communication signals
used in the system of Figure 1;
Figure 3 illustrates an overview of the channel
assignment, data transfers, demultipiexing, and
decoding steps used in operating the system of
Figure 1; and
Figure 4 illustrates a schematic representation of
exemplary circuit functions employed in a receiv-
er for the system of Figure 1.

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT

The present invention provides a method and ap-
paratus for communicating messages or other infor-
mation to one or more remote, mobile receivers. The
communication system provides this information
transfer for a large number of users without requiring
each receiver to demodulate or decode a wide band-
width signal on a continuous basis. This is accom-
plished by establishing a muiti-channel Time Division
Multiplexed (TDM) communication signal and dedi-
cating ane or more of the channels to transmit ad-
dress information that designates message reci-
pients and reception channels for each message. The
address information is received and demodulated by
each receiver at a rate much less than that required
to demodulate the entire TDM communication signal.
The address information is demodulated by each re-
ceiver until a message for that receiver, and its cor-
responding channel assignment, are detected, at
which time that receiver switches to the designated
data channel for message reception.
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Mul ti plFexed comuni cati on signals, conprising: at | east one
central communi cation station havi ng transm ssi on neans for
transmtting a TDM contruni cati on signal which conprises a series of
N channels, with D data channels, for D < N, used exclusively for

transm ssi on of nes- sage data and gA_address channels, where A = N
- D, used for transm ssion of address information in the form of

r e_cgi ver addresses for Areovemdew of a comimunicationesysteat operatsages :‘Nmeh
:g: d ftegei ver ﬁrleggégé%@ﬁm%%#ﬁe@ﬁeﬁégﬁ?o%%ﬁﬁg%t e?nnof ICICai m
1, wherein 18 illustrated in Figure 1. In Figure 1, a communication

system 10 is illustrated having a mobile receiver {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 at least occasional updat-

ed information, status reports, or messages from a

central communication source. As previously dis-

cussed, truck drivers or various drayage personnel

often find automatic access to periodic messages ex-

tremely useful for more efficient operation.

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 site costs and
direct access for message transmission equipment.

Alternatively, the Hub 14 is located in a remote lo-
cation more ideally suited forlow interference ground-
to-satellite transmission or reception. In this case,
one or more system user facilities in the form of cen-
tral dispatch offices, message centers, or communi-
cation offices 16 are tied through a telephonic, optical
or other communication link to the Hub 14. In addition,
for large numbers of remote customer message cen-
ters, a message or network management center 18
can be employed to more efficiently control the prior-
ity, access, accounting, and transfer characteristics
of message data.

The Hub 14 or management center 18 can be in-
terfaced to existing communication systems using
well known telephone 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, and
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said central comunication station further con- pases
recei ver assignnent neans for detecting which of said plurality of
recei vers each nessage is directed to; channel assi gnnent

nmeans for assigning at | east one channel to each of said nessages at
atine fromsaid D channel s; address control neans for

transferring a recei ver address and &% -associ ated channel as-

Thended for a recer R e e M onnect od
said channel 5"3{“@2{& t?"f’ow ‘receivi %g di p:Jt almaans connected 1o
The Hub 14 employs an Extremely High Frequen-
cy (EHF) transmitter at 14 GHz to establish an uplink
communication path with a geosynchronous Earth or-
biting relay satellite 20. The uplink is maintained at

one or more of a number of preselected frequencies
or frequency ranges. A typical satellite system em-

ploys a series of repeater transponders for transmit-
ting 12 GHz frequency signals for TV or data trans-
missions to ground stations.

The preferred embodiment of the communication
system 10 employs uplink and downlink carrier fre-
quencies in the EHF Ku band to allow access through
these transponders on existing or new communica-
tion satellites already launched or pianned. The com-
munication system 10 can take advantage of unused
satellite capacity at these frequencies and does not
require the launching of its own dedicated satellites.

The Hub's transmission signal is transferred
through a diplexer 22 to an antenna 26. However, the
diplexer is only needed for two-way communication
systems, such as where a return acknowledgment,
message, or location signal is used, or for sharing the
antenna 26 with alternate transmission systems.

A communication signal, designated 24, is trans-
mitted through the antenna 26 to the communications
satellite 20 at the preselected uplink carrier frequen-
cy. The communication signal 24 is received by the re-
lay or repeater satellite 20 where it may be transiated
to a second frequency for the downlink transmission
28 using circuitry known in the art as a transponder.
Those skilled in the art of communications under-
stand the apparatus needed to perform this reception
and conversion function which are known in the art.

The transmitted downlink signal 28 is received by
a mobile receiver through a small generally direction-
al antenna 30. The antenna 30 is constructed to have
about 15 dB of gain and to be directional within a 40-
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nmessages and transferring said nessages onto
response to an assi gnnent from sai d channel
of one nessage per channel .

comuni cation systemof Claim2 wherein

- 11 -

50° (15) azimuthal beamwidth. The antenna 30 is
mounted so that it is capable of being continously ro-
tated over a 360 degree arc and is connected toan an-
tenna pointiig and tracking control system 74 for
tracking the satellite 20 as the vehicle 12 changes
position relative to the satellite, which is positioned in
Earth synchronous orbit. An exemplary antenna rota-
tion mechanism is found in co-pending U.S. Patent
Application SN 145,790, which is now U.S. Patent No.
4,876,554 issued October 24, 1989, and an exem-
plary method of satellite tracking is disclosed in co-
pending U.S. Patent Application SN 145,176, (pub-
lished December 18, 1990 as US-A-4 979 170), 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 con-
verted into digital message signais which are subse-
quently transferred by communication system 10 ata
rate on the order of 5,000 bits per second. Those skil-
led 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 appro-
priate speed is employed. Messages can be received
directly as digital data at various bit rates and accu-

mulated or stored for transiation to the desnred system
transfer rate. Alternately, messages are received as

audio message signals that are keyed in by system
operators to form the desired message signals.

Each message signal can be subjected to a vari-
ety of coding, encryption, or error detection and cor-
rection schemes prior to transmission. Where de-
sired, individual receivers can employ unique codes
or ciphers to provide secure message delivery capa-
bilities. However, to reduce transmission errors and
provide for error correction for all messages transmit-
ted by the communication system 10, a two step en-
coding process is implemented for all digital messag-
es or message data.

said D channels in
assignnent neans at a rate
- 26 - 3. The
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said central comrunication station further com prises: at

| east one narrow beam ant enna; and conversion nmeans for
converting inforna- tion to be transmtted to a receiver into a digital
nessage at a predeterm ned transfer rate. 4. The communi cati on system of
Caim3, wherein said transferratg Ls at |east 5,000 bits persecond.

5. The communi cation sygtemof C aim 3 wherein . said digital nessage
signal s have predeterni n& first siep, cormpnses Applying a system 1

checksum algorithm on the digital data. In the prefer-
red embodiment the checksum algorithm employs on
the order of 30 bits of information to indicate the cor-
rect result of the checksum computations. An exem-
plary checksum formula wouid be the computation of
the polynomial: X30 + X293+ X3+ X2+ X + 1. When cal-
culating this checksum the address field(see beiow)
is ignored so that channel addresses do not aiter the
checksum.

The second step comprises encoding the data
using a Golay [24,12] biock code to encode every 12
bit block of message information, including the check-
sum, 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 form a 10,000 bit encoded
symbal stream for transmission. Therefore, the sys-
tem 10 transmits a signal at 10,000 binary symbais or
bits per second to accommodate the 5,000 bit per
second input data rate. On the reception end, the
code symbols or biocks are decoded to regenerate
the 12 bit blocks of message data. As known in the art
the operation of a Golay{24,12] or similar code acts
to minimize transmission error by decreasing the im-
pact of single bit errors on a data stream through
spreading the data out over muiti-bit patterns. Each
bit error affects only a fraction of a bit in the message
which is effectively compensated for by the error cor-
rection schemes used until very high error rates oc-
cur.

The encoded message symbols are used to mod-
ulate a frequency generator or source such as a Di- -
rect Digital Synthesizer which creates a phase and
frequency modulated carrier, at the preselected fre-
quency, for transmission to the satellite 20. During
modulation, each symbol is shifted in phase from the
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6. The-conmuni cation systemof Claim1 further conpri si ng: at
| east one nobile receiver station, hav- I ng receiver neans for
detecting, denodul ati ng and decodi ng said TDM comuni cati on signal,
sai d receiver neans being adjusted to receive at | east one of said

Aaddr ess channel s when not re- ceijgi bg a nessage; and channe
sel ecti on neans connected to sai d receiver neans for adjusting said

receiver ) mleansf mﬂmusjsymbalpeithen-%%t@Imjlcdte)adogfca[ Qopaid D
channel assignment o0 EW “*%'srmhm# BBl DirkiRRt 0% ©) o,
Advance R Keying and improves acquisition by
the receiver because every symbal contains a phase
transition. n addition, a direct sequence spread spec-
trum modulation of the data may be used to spread
the bandwidth for transmission. _

To accommodate a large number of receivers at
potentially different burst rates, a Time Division Mui-
tiplexed (TDM) transmission scheme is used. The
TODM approach divides the total transmitted (or re-
ceived) spectrum into temporal increments or frames
of predetermined length. Messages or message sig-
nals transmitted by the communications system 10 or
relay satellite 20 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 suc-
cessive frames very large so that communication ap-
pears simultaneous to all receivers. Methods and ap-
paratus for generating, transmitting, and controlling
TDM signals are well known in the communication art
and can be accomplished using a variety of signal
muitiplexing and control devices.

Figure 2 illustrates a graphic representation of
the resuiting signal format for the communication sig-
nal 24 using the TDM frames. in Figure 2, the TDM
communication signal 24 comprises a series or train
of successive fixed duration frames within which
messages or data are transmitted. Each frame con-
sists of a number of channels which represent sub-
stantially identical, sub-frame length periods over
which data is transferred. This means that messages
or message signals are transferred a few bits at a
time during each successive frame until the message
is compieted. The preferred embodiment divides
each frame into 25 sub-frames or channels. However,
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one of 'said A address channels. 7. The systemof Caim6 wherein said
nobil e re- cei ver conprises: a narrowbeam ant enna;

recei ver neans for receiving said comu- ni cation signal; a
demul ti pl exer, conpri sing:

- 14 -

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.

When using the TDM approach, information is
generally sent over the communication signals 24, 28
in discrete packets. The communication system can
accommodate packets of differing length between 4
to 256 characters each, depending on the type of
messages, small, coded, etc., being transferred.
Each packet contains fields of information such as the
type of message, typically a 6 bit entry to distinguish
between possibie 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 as-
sure a uniform frame size regardless of overlapping
message lengths, varying packet sizes and transmis-
sion rates, or empty channels. However, unused
channels generally will have random data transmitted
to improve tracking and acquisition of channels by re-
ceivers.

To assure that each receiver is tracking and de-
‘'modulating a specified channel, a series of codes or
code masks can be used with the data to detect track-
ing errors. In arder to further reduce interference by
increasing isolation and, thereby, increase the sys-
tem 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 a
large portion of the transponder 48 MHz bandwidth,
reducing downlink power density which minimizes in-
terference to other communication services and pro-
vides processing gain which the receivers use in re-
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- 27 - - address storage neans for record- I ng and
storing a preassigned address for said re- cei ver, and

means for denuttiplexing said TDM comuni cation signal over a tine

i nterval equal to at least one time interval for channels in a sig-
nal frame dependlng upon the encounter 1pf- sai d preassi gned address for

o e Comt oo o ESHE A BlarhAhd oF el BeicdaI i bkl ol
techmques o for 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 transmissive abemations only affect a
small portion of the signal. Atthe same time, frequen-
cy hopping according to a preselected pattern allows
some degree of security for some system 10 users.

In the preferred embodiment, the FH scheme
comprises dividing the appropriate transponder into
240 frequencies spread over approximately 24 MHz.
The hopping rate for the frequencies of interest is on
the order of 200 frequencies per second covering
each of the 240 discrete hopping frequencies before
recycling. This means that the dwell time for each fre-
quency is about 5 milliseconds. If each TDM frame is
transmitted at a new frequency then each frame is 5
milliseconds long and the size of each channel is 0.20
milliseconds in length.

The frequency hop pattern can comprise a sim-
ple linear progression from high to low or vice versa,
or a more complex pattern based on a pseudo-ran-
domly generated frequency selection sequence.
However, those skilled in the art will also recognize
thata TDM signal without frequency hopping will ben-
efit 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 symbois to be transmitted per channel. This would
imply a transmission rate of 48 code symbols every
frame. However, to improve reception, the preferred
embodiment uses a fifty (50) symbol transmission
rate for each frame with the first symbol period em-
ployed for settling time to assure that the receiver has
locked onto, and the transmitter is accurately, within
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vi ce connected to said demultiplexer for display- ing in visual forma

serii es of al phanuneric char- acters corresponding to a respective

nmessage 9. The conmmunication systemof Caim1l, wherein each of said
nmessages has a predeterm ned maxi mum | ength Mand a ratio of Ato Dis
appr ox- imately equal to a ratio of ?ﬁsum of digital bits used to

define a receiver address and channel designation to a sumof bits

-used to define eacithe seldcted frequengeand Hot offsethdde ftey thendi ng
messages from centr dnanginGClRARctaHLALSs Bf th PRSqhi8ndy YourchCe! Vers

The second symbol period is used as a phase ref-
erence for the third symbol in the stream of fifty sym-
bols, which is the first message symbol. Each succes-
sive symbaol is used as a phase reference for the next.
This relies on a differentially coherent demoduilation
scheme as opposed to an absolute phase reference
since absolute reference approaches are more com-
plicated and very difficult to achieve in this type of
mobile communication system.

The code blocks or symbols are divided into aiter-
nating groups or sequences. That is, every other code
block is selected and placed in one 24 symbol group
for transmission. This separates every othcr 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 mes-
sage signal over a wide signal bandwidth.

The FH-TDM type communication signal 24 is
transmitted by the Hub 14 through the relay satellite
20 to all of the receivers 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 as the application demands. However, re-
gardless of the zone covered by the satellite, each re-
ceiver in that zane must detect, monitor, and demod-
ulate the signal 28 in order to receive messages. If the
messages are simply applied across all of the chan-
nels, then each receiver has to continuously track, de-
modulate and decode the entire signal to assure re-
ception of a relevant message. This is required be-
cause every message header or lead-in in every
channei would have to be scanned by each receiver
to verify which receiver is designated to receive the
message. For large numbers of users this requires
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through Earth orbital relay stations, conprising: generating a
TDM conmuni cat i on si gnal which is divided into a series of N

transm ssi on channel s; provi ding digital nessages to be
transmt- ted on said channels; assigning at |east one

recei ver address to each nessage,; assigning at |east one of
D data channel s to each of said nﬁs@%ges where D < N,

transferring each of mych.ghsgpm, eonmiplex, demodulationecirduitey tb D channel s;
accomplish. Since speed and complexity increase
system cost and decrease reliability, this is undesir-
abie.

in the present invention receiver selection is ac-
complished using a new receiver addressing techni-
que for TDM communication signals which comprises
a two part addressing scheme.

in this technique, each receiver is assigned a
specific system address which-is known to ail Hub 14
transmitters or system management centers 18 used
by the communication system 10. The receiver ad-
dress is a unique address which establishes an indi-
vidual identity for each receiver in the system. The ad-
dress for each receiver is generally set at the factory
and can be made unchangeable by the end user (in
the field) to prevent security problems or improper
monitoring and response to messages. However, the
address can be made dynamically adjustable de-
pending upon the system requirements or costs. In
the preferred embodiment, the receiver addresses
are designated or determined by a 19 bitaddress term
making approximately 524,288 (2'9) receiver ad-
dresses available which allows a very large number
of users for the message communication system 10.

The next step is to divide the total number of
channeis N (here N=25) in the FH-TDM communica-
tion signals 24 and 28 between an address portion of
A channels and a data or message portion of D=N-A
channels. In the preferred embodiment, Ais 4 and D
is 21. However, other numbers can be used for the to-
tal number of channels and the number of address
channels, depending upon specific system require-
ments. Generally, the ratio of A address channels to
D data channels should be equat to the ratio of the
number of data bits in a message to the total number
of transmitted bits (message plus address).
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- 28 - transferring said address assignnents onto respective

ones of A address channels where A= N - D det ecti ng,
dermodul ating anti decoding  said TDM communi cation signal by at |east one
nobi | e receiver, adjusting said receiver to detect only one

- 18 -

The A address channels are used to transmit ad-
dress designations for those receivers whose mes-
sages are being transmitted by the Hub 14. The D
data channels are used to transmit the messages for
the designated receivers. The transmission of a mes-
sage address precedes each message by a predeter-
mined period of time to allow a receiver to adjust its
tracking circuitry and synchronize with the appropri-
ate channel before the arrival of the message.

The address channels are typically designated as
system channels 1, 2, 3, ... etc. However, these chan-
nels can be separated by data channels where chan-
nel tracking either permits or desires this spacing for
receiver 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 mes-
sages, saturating the address channeis but the mes-
sages are short, thus leaving excess data channel ca-
pacity. In this situation, a data channel could be re-
assigned to be an address channel. The opposite
probiem is when there are an average number of few
messages but they are all maximum length. The sys-
tem may find it advantégeous to use one of the ad-
dress channels for data to decrease the number of
messages being backlogged.

Each message has an address segment of 24
bits associated with it which is segregated from the
message and transferred over the address channels
to flag an appropriate receiver. While each receiver is
assigned an individual and unique system address,
receivers can also respond to specialized "system®
addresses as well. That is, each is also provided ac-
cess through a “group® address (if applicable), an “ail-
call* address, and other “conditional” addresses. By
providing these alternate addresses to which a re-
ceiver, can respond, it is possible to very efficiently
transfer single messages to an entire system or a

This i3 the raplacerment sheet

3 0 0OCT 998
Dey:



of said D data channels of said TDM communi ca- tion signal in response
to :sai d address assign- ments transmtted on said A address channel s;
and denodul ati ng said one data channel ac- cording to said
assignnent 11. The netod of Claim 10 further conprising the steps of
appl ying a Gol ay[ 24, 12] bl ock codi ng process to said digital nmessage
prior to transm s- si on and appl yi 4§ a Gol ay[ 24, 12] bl ock decodi ng

process to synbol dagredg ofi i'éiﬁéi?érsSWiﬂ'ldlﬁeséﬁding tHRdshMeL thelat 2 channel
for each receiver. . .

sage to every designated receiver over a long trans-

mission period. This also provides for the transmis-

sion of system type information such as time of day,

service changes, etc., to all receivers on a periadic

basis, by interleaving these types of messages into

otherwise unused channel capacity.

Since the communication system uses only a
few, A, channels out of N possibie channels, the ad-
dress information is transmitted at a rate of A/N times
the frame rate. This means that the address for mes-
sages is transmitted at a fraction of the communica-
tion signal rate allowing each receiver to monitor the
communication signal 28 at this lower rate until it de-
tects its address. When a receiver detects its ad-
dress, accompanied by a channel assignment, the re-
ceiver switches to the appropriate channel and begins
demaodulating and receiving the message. Therefore,
it will be apparent to those skilled in the art that receiv-
ers are not demodulating nor decoding the entire, or
even a majority of the communication signals trans-
mitted by the communication system 10. This allows
a less complex and slower speed reception circuit
which reduces power and cost while increasing reli-
ability and ease of construction.

- Reception and decoding of communication sig-
nals is illustrated in further detail in Figure 3. In Figure
3, an incoming communication signal comprising in-
terleaved code symbols 50 is received by a receiver
on a series of signal channeis 52 which are frequency
hopped in a sequence of hops 54. The digital code
symbols comprise the code black symbois described
above and are received at a rate of two symbols per
channel per frequency hop. There are two extra sym-
bols received during each hop with the first disregard-
ed or lost due to settling of the receiver and the sec-
ond being used to obtain the phase required to track
the next symbol. Therefore, there are 48 symbols per
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12. The method of C aim 11 wherein said Golay cod- I ng step generates

digital synbol data at a rate on the order of 10,000 bits a second.
13. The method of Caim 10 further conpring the steps of performng a
checksum comput ati on on i nput digital nessages in said transm ssion
nmeans and on correspondi ng denodul at ed ,gym bol data in said receiver.
14. The nmethod of Claim 10 further conprising the step of hopping a

transm ssion frequencfrarhesinieach hophd @8 syimbols veceived:foroeach

predetermined  per igdiohel it 24 Ropd. AFfEr4 S SyRtbAYHIE adlurhise-
lated they are sorted into a first and second series of
symbols shown in Figure 3 as "A" symbois and "B*
symbols. This process removes the interleaving pre-
viously 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.

For every block of 24 symbols, "A” or "B", a Go-
lay[24,12] decoding step is performed to yield 12 bit
blocks of transmitted data. This data will be generat-
ed or received at about 5,000 bits per second as orig-
inally transmitted. The 12 bit blocks of infornmation
now comprise a series of address assignments or
messages depending on which channel they were re-
ceived on.

The messages are received on the data channels
56 while address information is received on the ad-
dress channels 58. Both message and address code
symbols are sorted into 24 bit code blocks 60 using 2
sorting step and apparatus, and decoded into succes-
sive 12 bit blocks 62 using a Golay{24,12] decoder.

The output of the address channels 56 comprise
24 bit length information sequences 64 which use 19
bits to specify the receiver address within the com-
munication system 10 and 5 bits to indicate a channel
selection for receiving a message. The output of the
message or data channels 58 comprise 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
chksum bits for error detection. The length of the in-
coming message is important so that the receiver can
properly track the entire message or provide an indi-
cation of error if the entire message is not received,
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guenci es. - 29 - 15. A communi cation system

for sendi ng nessages fromat |east one central communication station
to one or nore of a plurality of nobile receivers t hrough Earth arbital
relay stations using Time Di-- vision Miultiplexed (TDM conmuni cation
si gnal s,

- 21 -

As previously discussed, it is clearly understood
that address information for a receiver is sent before
the message is transmitted on a data channel. The
amount of "lead time" for transmitting address infor-
mation depends on the channel switching speed of
the receivers 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 receiver to properly
and accurately track the designated channel.

An exemplary receiver for receiving the commu-
nication signals and providing a message output is il-
lustrated in schematic form in Figure 4. In Figure 4, a
receiver 70 is shown for receiving and demodulating
communication signals from the Hub 14. The receiver
70 is connected to the antenna 30 through a dipiexer
32 for receiving the satellite downlink signal which is
transferred into a demodulator 78 for demodulation
into an encoded digital message signal. The demod-
ulator 78 is synchronized with the modulator used in’
the Hub 14 or the satellite 20.

As previously discussed, the receiver 70 does not

" have to demodulate the entire communication signal
28. Synchronization for the receiver 70 is accomplish-
ed by tracking and synchronizing with the frequency
hopping pattern of the communication signais. Once
a receiver has synchronized with the frequency hop-
ping of the TDM signal frames, then the internal
frame timing is automatically detected as well.

The mobile receiver or terminal 70 incorporates a
microprocessor or similarcontroller 72 forimplement-
ing signal processing, acquisition, and demodulation
functions. A low noise amplifier 76 and conventional
down-conversion chain provide a signal fo the micro-
processor for signal acquisition, tracking and demad-
ulation.

This is tha replacermsnt sheet

Date: 3 (3 OCT 1998



sai d system conpri si ng: at | east one central conmunication _
station conpri si ng: transm ssion neans for transmt-
ting a TDM comruni cati on signal which conpris- es a series of N
channels, with 0 data channel s where D < N, said D data channel s used
for trans- m ssi on of nessage data2 and with A address channel s
where A = N - D, said A address chan- 2 - hels used for transnission of

address information ma@&%ggﬁﬁmw% ubf'a §8pei vers des-

sad D channel s on 168 GFBRR aE=inELasighalis satectad fom asated. - o
ellite 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 reiative
to subsequent receiver or vehicle 12 movement.

Many of the individual functions performed by the

- microprocesor 72 are illustrated as seperate ele-
ments in Figure 4 for purposes of clarity. However,
those skilled in the art will readily appreciate that
many of the functions surrounded by the dashed line
73 can be performed in a single miniaturized circuit
or integrated circuit based microprocessor and relat-
ed support chips.

A receiver address storage element 82 is con-
nected to the demodulator 78 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 com-
prises a small ROM or similar memory device con-
nected to the microprocessor 72. The address can be
hardwired into the microprocessor structure itseif
such as in the case of scratch memory, or internal
RAM although this may not be convenient or cost ef-
fective in many applications. In addition, the use of a
separate memory element allows alteration by ser-
vice 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 72. This
would ajlow 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
dispatcher of a new receiver location.
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recei ver assignment neans for de- tecting which of said plurality of
recei vers each nessage is directed to; channel

assi gnment neans for as- signing at | east one channel to each of said
nmes- sages at a tinme fromsaid D channel s; addr ess
control neans for transfer- ring a receiver address and an associ at ed
chan- nel assignnment onto one of salg A channels in re- sponse to
i nput nmessages intended for a receiyv- nessage

i nput neans connected to "Oeéhﬂﬁxﬂﬁﬁﬁﬁﬂﬂnﬁ§§ﬂ@ﬂﬂ%ﬂﬂgﬁﬁaﬁ§ﬂﬂ@ﬂlﬂecelV|ng
di g- i tal messagethenaddress storage824isidetettediahe channel des-
ignated by the corresponding address information is
also received and registered by the receiver 70. The
receiver 70 automatically switches to synchronize re-
ception 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 mes-
sage, or any type of signal failure or blockage occurs,
one or more errors will be detected in signal demod-
ulation 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 chksum verification proc-
ess.

The demodulated communication signal is trans-
ferred to a decoder 80 where. Golay decoding occurs.
At the same time, a PN code source or other related
code storage element 84 provides any necessary
code sequences required to further decode a re-
ceived message.

The decoded message bits may be temporarily
stored in a memory element 86 before visually being
dispiayed by a display element 88. Alternatively, the
message can be interfaced to other processing ele-
ments through the interface 92 or printed out by the
hard copy device 0.

What has been described, then is a new method
and apparatus for transmitting messages from cen-
tral communication stations to one or more remote,
mobile, receivers which allows low cost mass produc-
tion of terminal equipment which achieves a high per-
formance fevel in a variety of interference environ-
ments.

The foregoing description of preferred embodi-
ments has been presented for purposes of illustration
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onto said D channels in response to an assign- ment from said channel

assi gnnent neans at a rate of one nessage per channel; and
at | east one nobile receiver station com pri sing:
- 30 - recei ver neans for detecting, de-

- 24 -

and description. Itis not intended to be exhaustive nor
to limit the invention to the precise form disclosed,
and many modifications and variations are passibie
in light of the above teaching. The embodiments were
chosen and described to best explain the principies of
the invention and its practical application to thereby
enable others skilled in the art to best utilize the in-
vention in various embodiments and with various
modifications as are suited to the particular use con-
tempiated. It is intended that the scope of the inven-
tion be defined by the claims and their equivalents.
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nodul ati ng and decodi ng said TDM conmuni ca- tion signal ata rate of

about 1/Ntinmes a transm s- sion rate of said conmmunication signal, said
re- cei ver nmeans being adjusted to receive a sel ect- ed one of said A
address channel s when not re- ceiving a nessage; and

channel sel ection neans connect - to said receiver neans for adjusting
said re- ceiver nmeans to denodul&t™e only a designat ed one of said D
nmessage channels of said TDM comuni cation signal according to a channel
as- signnment r 8BS for said nobile receiver on sai d sel ected one

of said A address channel s.

1. A communication system for sending messages
from central communication stations to one or
more of a plurality of mobile receivers through
Earth orbital relay stations using Time Division
Multiplexed communication signals, comprising:

atieast one central communication station
having transmission means for transmitting a
TDM communication signal which comprises a
series of N channels, with D data channels, for D
< N, used exclusively for transmission of mes-
sage data and A address channels, where A= N
- D, used for transmission of address information
in the form of receiver addresses for receivers
designated to receive messages from said sta-
tion and corresponding ones of said D channels
on which said receiver message is transmitted.

2. The communication system of Claim 1, wherein
said central communication station further com-
prises:

receiver assignment means for detecting
which of said plurality of receivers 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
receiver address and an associated channel as-
signment onto one of said A channels in response
to input messages intended for a receiver; 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.
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16. The communi cation system of C aim 15, wherein said central

conmuni cation station further com
nar r ow- beam ant enna; and

prises: at | east one
conversion nmeans for converting inform-

tion to be transmtted to nobile receiver stations into a digital
message at a predeterm ned transfer - 26 rate. 17. The communicati on system

of Cl aim15, wherei
second. 18. The co
message signals hav

n

said transfer rate is at |east 5000 bits per

%%ﬁéwﬁfsﬁwwﬂﬁri‘ Wherein>®' d digital

4.

7.

said central communication station further com-
prises:
at least one narrow-beam antenna; and
conversion means for converting informa-

- tion to be transmitted to a receiver into a digital

message at a predetermined transfer rate.

The communication system of Claim 3, wherein
said transfer rate is atleast 5,000 bits per second.

The communication system of Claim 3 wherein
said digital message signals have predetermined
transmission periods.

The communication system of Claim 1 further
comprising:

at least one mobile receiver station, hav-
ing receiver means for detecting, demodulating
and decoding said TDM communication signal,

. said receiver means being adjusted to receive at

least one of said A address channels when not re-
ceiving a message; and

channel selection means connected to
said receiver means for adjusting said receiver
means to demodulate only a designated one of
said D message channeis of said TDM communi-
cation signal according to a channel assignment
received for said mobile receiver on said at least
one of said A address channeis.

The system of Claim 6 wherein said mobile re-
ceiver comprises:

a narrowbeam antenna;

receiver means for receiving said commu-
nication signal;

a demuitipiexer, comprising:
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transnission periods. 19. The systemof C aim 15, wherein said nobile re-

ceirver conpri ses: a narrowbeam ant enna; recei ver neans
for receiving said conmu- ni cation signal; a demrul ti pl exer,
conpri si ng:

- 27 -

address storage means for record-
ing and storing a preassigned address for said re-
ceiver; and
' means for demuitipiexing said TDM
communication signal over a time interval equal
to at least one time interval for channels in a sig-
nal frame depending upon the encounter of said
preassigned address for said receiver.

8. The system of Claim 7 wherein said mobile re-
ceiver further comprises a message display de-
vice connected to said demuitiplexer for display-
ing in visual form a series of alphanumeric char-
acters corresponding to a respective message.

9. The communication system of Claim 1, wherein
each of said messages has a predetermined
maximum length M and a ratio of Ato D is approx-
imately equal to a ratio of a sum of digital bits
used to define a receiver address and channel
designation to a sum of bits -used to define each
of said messages.

10. A method for sending messages from central
communication stations to mobile receivers
through Earth orbital relay stations, comprising:

generating a TDM communication signal
which is divided into a series of N transmission
channels;

providing digital messages to be transmit-
ted on said channeils;

assigning at least one receiver address to
each message;

assigning at least one of D data channels
to each of said messages where D < N;

transferring each of said messages on at
least one of said D channels;
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- 31 - address storage neans for record- I ng and
storing a preassigned address for said re- cei ver, and

means for derultiplexing said TDM comuni cation signal over a tine
i nterval equal to at least one time interval for channels in a sig-

nal franme dependi ng upon the encounter of said pr eassi gned
said receiver. 20. The systemof C ai 8819 further conprising a nmessage

di splay device connected totgiisfefing said address assignments

1.

onto respective ones of A address channels
where A=N-D;

detecting, demodulating and decoding
said TDM communication signal by at least one
mobile receiver;

adjusting said receiver to detect only one
of said D data channels of said TDM communica-
tion signal in response to said address assign-
ments transmitted on said A address channeils;
and

demodulating said one data channel ac-
cording to said assignment.

The method of Claim 10 further comprising the
steps of applying a Golay{24,12] block coding
process to said digital message prior to transmis-
sion and applying a Golay{24,12] biock decoding
process to symbol data received on said one de-
modulated data channel for each receiver.

12. The method of Claim 11 wherein said Golay cod-

13.

14.

ing step generates digital symbol data ata rate on
the order of 10,000 bits a second.

The method of Claim 10 further comprising the
steps of performing a checksum computation on
input digital messages in said transmission
means and on corresponding demodulated sym-
bol data in said receiver.

The method of Claim 10 further comprising the
step of hopping a transmission frequency of said
TDM communication signal on a predetermined
periodic basis over a preselected number of fre-

. quencies.

address for
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mul ti ptexer for displaying in visual forma series

characters for displaying a nes- sage.

length Mand a ratio of Ato D isapprox-

of al phanuneric

21. The conmuni cati on system of
Claim 15, wherein each of said nessages has a predeterm ned maxi num

i mately equal

to aratio of a

sum of digtaL bits used to define azgecei ver address and channel

designation to a sumof bits used to define each
15. A communication system for sending messages

of sai d nessages.

from at least one central communication station
to one or more of a plurality of mobile receivers
through Earth orbital relay stations using Time Di--
vision Muitiplexed (TDM) communication signals,
said system comprising:
atleast one central communication station

comprising:

transmission means for transmit-
ting a TDM communication signal which compris-
es a series of N channels, with D data channels
where D <N, said D data channels used for trans-
mission of message data, and with A address
channels where A = N - D, said A address chan-
nels used for transmission of address information
in a form of receiver addresses for receivers des-
ignated to receive messages from each station
and corresponding ones of said D channels on
which said receiver message is transmitted;

receiver assignment means for de-
tecting which of said plurality of receivers each
message is directed to;

channel assignment means for as-
signing at least one channel to each of said mes-
sages at a time from said D channels;

address control means for transfer-
ring a receiver address and an associated chan-
nel assignment onto one of said A channels in re-
sponse to input messages intended for a receiv-
er,

message input means connected to
said channel assignment means for receiving dig-
ital messages and transferring said messages
onto said D channels in response to an assign-
ment from said channel assignment means at a
rate of one message per channel; and

at least one mobile receiver station com-

prising:
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- 30 -

receiver means for detecting, de-
modulating and decoding said TDM communica-
tion signal at a rate of about 1/N times a transmis-
sion rate of said communication signal, said re-
ceiver means being adjusted to receive a select-
ed one of said A address channels when not re-
ceiving a message; and '

channel selection means connect-
ed to said receiver means for adjusting said re-
ceiver means to demodulate only a designated
one of said D message channels of said TDM
communication signal according to a channel as-
signment received for said mobile receiver on
said selected one of said A address channels.

16. The communication system of Claim 15, wherein
said central communication station further com-
prises:

at least one narrow-beam antenna; and

conversion means for converting informa-
tion to be transmitted to mobile receiver stations
into a digital message ata predetermined transfer
rate.

17. The communication system of Claim 15, wherein
said transfer rate is at least 5000 bits per second.

18. The communication system of Claim 15 wherein
said digital message signals have predetermined
transmissicn periods.

19. The system of Claim 15, wherein said mobile re-
ceiver comprises:
a narrowbeam antenna;
receiver means for receiving said commu-
nication signal;
a demuitiplexer, comprising:
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- 31 -

address storage means for record-
ing and storing a preassigned address for said re-
ceiver; and

means for demuitipiexing said TDM
communication signal over a time interval equal
to atleast one time interval for channels in a sig-
nal frame depending upon the encounter of said

- preassigned address for said receiver.

20. The system of Claim 19 further comprising a
message display device connected to said de-
multiplexer for displaying in visual form a series
of alphanumeric characters for displaying a mes-
sage.

21. The communication system of Claim 15, wherein
each of said messages has a predetermined
maximum length M and a ratio of Ato D is approx-
imately equal to a ratio of a sum of digital bits
used to define a receiver address and channel
designation to a sum of bits used to define each
of said mes$ages.

A
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- 32 -

MULTIPLEXED ADDRESS CONTROL IN A TDM COMMUNICATION SYSTEM

ABSTRACT
A message communication system employing one or more centralized communication Staﬁoqs
(22)transmitting messages through Earth orbit relay satellites (20) to mobile receivers (10)
utilizing Time Division (TDM) communication time frames divided into series of
transmission channels, A predetermined number of the f:hannels are designated as address -
channels with the remainder being used by data transfer Information transmitted on the
address channels is used by receivers to determine both the presence of a message and its
'corresponding data transmission channel. Each system reczever (70) scans, and tracks only
the communication signal address channels gntil a message addressed to that receiver is
detected, at which time the selected receiver changes channels to the designated data channel
for the reception of the message. Thus, demodulation of. the entire éommuniuﬁon signal is
not required and processing time and power is reduced ft;r the typical waiting condition when
messages are not being received. While a message is being received only a portion of the
coﬁxmunication signal need be received, and demodulated and decoded. The decoded message
is then displayed on 2 display screen (88) or similar device for the recipient.

Fig.4
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