
1.           0 050 478                       2 Description
without resort to the above special antenna designs or extra low noise
figure receivers. There is a widespread belief in the satellite       An
article   "Air-ground,   Ground-Air communications industry that it is
impossible to    Communications using Pseudo-Noise through a receive a
useable signal from  the typical    5   Satellite", Blasberg et al, IEEE
Transactions on communications satellite (broadcasting at 4 GHz
Aerospace and Electronic Systems Vol AES4 No. with orbital spacing of 4
degress) using small      5 Sep 1968", pp. 774-791 describes a system for
diameter (on the order of 2 feet or 60 cm) dish     communication to and
from  aircraft, using antennas and receivers having average noise
pseudo-noise (spread spectrum) coding, via a figure (on the order of 2 dB).
10   satellite. The coding is used to overcome Two primary problems and a
host of minor          multipath problems. There is no consideration of
problems give support to this view. The lack of     the problems involved
with a system  using directivity of small diameter antennas is one
spaced geostationary satellites. significant problem. Typically,
geostationary         An article "The Spread Spectrum Controversy"
satellites are spaced in orbits 4 degrees apart. The    15   Buckingham,
Electronics & Power March 1980 pp. 9 degree half-power beamwidth of the
typical 2      222, 224 discusses the use of spread spectrum foot (60 cm)
dish antenna at 4 GHz results in the   coding in the context of cellular
radio and the reception of signals from adjacent satellites as    problems
which arise. Satellites are not involved. well as the satellite of
interest. The 9 degree       So far as geostationary satellite systems are
beamwidth also results in a lower antenna gain at   20   concerned the
thinking in the .art has. been that the desired frequency than that
available with      smaller earth station antennae require either a large
diameter dishes. For example, a 2 foot (60    wider satellite spacing or
higher frequencies. See cm) dish at 4 Ghz has an antenna gain of around
for   example  "Communications   Satellite 26 dB, while a 16 foot (4.9 ml
dish has an antenna  Systems",. James Martin, 1978 Prentice-Hall, gain of
around 44 dB. At 4 GHz an antenna gain of   25    Engelwood Cliffs, pages
22, 53, 145, 365-367 for 26 dB is too low to permit satisfactory detection
of  example. standard radio transmissions.                         The
object of the present invention is more The second problem is the limit
imposed by        specifically to allow small (60 cm) receiving official
regulatory bodies such as the United       antennae to be used at lower
frequencies (4 GHz) States' Federal Communications Commission    30   with
closely spaced satellites. (FCC), on satellite signal flux densities
incident on  It has been proposed to employ spread the earth's surface in
order to protect terrestrial  spectrum  processing in conjunction with geo-
communications links.                               stationary satellites,
specifically Syncom satellites When standard satellite modulation
techniques      which are very widely spaced (three satellites at (e.g.
QPSK, FSK, BPSK, or PCM) are used at the    35   intervals of [err]. See in
particular an article by H. permitted levels the signal level received when
Blasbalg in IBM Journal Vol. 9 No. 4 July 1965 using a 2 foot dish antenna
is far below the        pages 241 to 255 and various passages relating to
receiver thermal noise floor.                       communications
satellites  in  McGraw  Hill Other problems include the high cost of a
Encyclopaedia of Science & Technology 1977, system capable of handling a
variety of data rates,   40    Vol. 12, pages 39-42, 43D, 46, 47 and 55.
The intermittently used by any one of a large number    1965 IBM Journal
article, which is taken as the of users, all requiring  quick access time.
starting point for the claims to the present Additionally,  use   of  small
modulation           invention herein, is not concerned with the use of
bandwidths, i.e. low data rates, may result in      small receiving
antennae, let alone in conjunction obliteration of data by such effects as
carrier drift   45    with closely spaced satellites but appreciates and
phase and amplitude noise.                      various advantages of
pseudo noise (spread In the past, efforts to overcome these problems
spectrum) processing, including low  radiated have focused on antenna or
receiver design. The     power density minimising  interference with larger
the antenna diameter, the larger the signal  existing ground-based
microwave links. collecting area, therefore, the lower the signal   50  The
invention  provides an earth  satellite levels which may be satisfactorily
received.        communications system as defined in claim 1 and However,
with increased antenna size, there is a    a receiving earth station for
use in such a system corresponding   cost  increase.   Likewise,         as
defined in claim 16. development of precision antennas (i.e., antennas
The principle of the invention lies in allowing having precise shape,
diameter and surface    55   the receiving antennae to have a beamwidth
characteristics  at  the  intended  operating       greater than the
orbital spacing of the satellites frequency) enhances antenna performance
but          and the spread spectrum processing (known per also raises
system costs. Focus in receiver design  se) is used to eliminate the
interference which has been directed toward obtaining low noise
would otherwise then result. contribution, also resulting in higher system
60 costs.                                              Spread spectrum,
process gain. and antenna size The present invention  solves the above
Spread spectrum techniques, as used in the problems by use of a system
employing spread        invention, permit data signals to be extracted
spectrum techniques as a means to enhance the       from the noise using
small diameter antennas. effective gain and selectivity of the system   65
The present system transmits a binary stream of 3    



3                0 050 478                       4 data: a binary one is
represented by a first        reference. The higher the energy level, the
closer sequence of binary states or elements called       the match and
vice versa. In other words, instead chips, a binary zero is represented by
a second     of an element-by-element detection process, an sequence of
chips. The basic unit of data in this   energy detection is performed by
integrating the case the data bit) is constructed from not one    5
ensemble of element matches and mismatches signal condition at a point in
time but, instead,   obtained over the time period of the spreading from a
specific sequence of signal conditions or    signal. A decision whether a
data bit has been elements over a period of time. Hence, a single bit
received is then based on the above-received of information is spread or
converted  into a       energy level. Note that upon integration, the
spectrum  of  signal conditions or elements   to   random noise present
will average out. Hence, (hereinafter referred  to  as  the "spreading
the despread signal component is enhanced signal"). The spreading signal is
at a frequency    while the noise component is reduced. This is much
greater than the data frequency or rate. The   known in the spread spectrum
art as process gain spreading signal has a specified length  in time.   and
is defined as equaling [err] where Each cycle of the spreading signal
waveform    15   BWRF equals the bandwidth of the transmitted during that
period corresponds to an element of    signal, determined by the frequency
of the the spreading signal. Each element may take on      spreading
signal, and [err] equals the frequency one of two different states.
Therefore, a spreading  of the data. signal comprises a corresponding
number of            In the preferred embodiments of the invention
elements, each having a specified state.      20   the spreading signal
comprises a pair or more of Data are, therefore, transmitted in spread
selected binary sequences or codes having 'a spectrum  format 'by using one
spectrum  of         specific number  and sequence of elements called
elements (or spreading signal) to represent a       "chips", each chip
corresponding to a "one" or ones bit, and a different spectrum of elements
(or  "zero" state within the spreading signal. Each spreading signal} to
represent a zeros bit. For   25   sequence of chips corresponds to a one or
a zero example, a ones bit may be represented by a first    within the data
being transmitted. The signal binary sequence of elements, and a zeros bit
conditions which implement the "chip" states represented  by  a  different
second binary        may take the form of any of the various standard
sequence of elements.                               satellite modulation
formats (e.g. Quadriphase Another view of this process is to operate on
30   Shift Keying (QPSK), Frequency Shift Keying each data bit before
transmitting using a given     (FSK), or pulse Code Modulation (PCM)). In
the pattern of inversions, the pattern being known to   preferred"
embodiments Binary  Phase Shift the receiver equipment. Thus, each bit can
be       Keying (BPSK) is used. As such, the phase of the transformed or
"chipped" into smaller time          carrier is unaltered or is shifted by
180 degrees increments, each increment having a frequency    35   depending
upon the chip state being sent. spectrum that is spread much wider in
frequency       For purposes of illustration assume that the than the
original data bit.                         spreading signal is a sequence
of one's and zero's In the preferred embodiments, the above           256
elements in length. Each element is called a spread signal is relayed via
geostationarysatellite  chip. In the embodiment of the invention, the to a
remote station, where it is compared against   40   chips of the  spreading
code  (signal) are a local reference. The local reference is the same
transmitted by shifts in carrier phase: one phase spreading signal that was
used at the transmitting  state for a chip corresponding to a ones state
and station to place the data in the spread spectrum    another phase state
for a chip corresponding to a format.
zeros state. The data to be sent are therefore The above comparison
process is called    45   spread, bit by bit, using the 256 chip spreading
"despreading". Despreading may be performed         code  sequence. The
spread data are  then before or after demodulation. When the proper
transmitted, chip-by-chip, to the receiving station. spreading signal is
present in the received         At the receiving station the received
transmission waveform, a data bit is recovered by the remote     is
despread and demodulated.. station receiver.    ' '
50'    In a noise-free system, for each  'bit of In the despreading
operation, the elements of     information spread and transmitted, all 256
chips the local reference are compared against the        will be correctly
received. Thereforewhen on the corresponding  positions  in  the  received
receiving end the total energy level correspond- waveform where the
spreading signal elements, if   ing to a perfect match is received within
the code present, should be. For each match  of a local   55   period, it
can be said, to a certainty, that a bit of reference element with a
spreading  signal          information was transmitted and has been element
in the received waveform, there is         received. However, in the
typical small dish obtained what will hereinafter be referred to as a
antenna system the typically low signal levels "despread signal
component".'Random noise will      present prevent all of the transmitted
chips from also be present.                              60   being
correctly received, which in turn precludes. When these despread signal
components and         a perfect match. The decision of whether a bit has
noise are summed (or integrated) over the           been transmitted is
based on a total integrated spreading signal time period, a total "energy
energy level of all of the chips which were used to level" is obtained
which reflects the degree to     spread the bit. A decision based on noise-
which the received waveform matches the local   65   corrupted information
has associated with it a 4    



5                    0.050 478                      6 parameter called the
bit error rate. The bit error  of the receiver internal clock (which
controls the rate is defined as the probability that a bit was not  timing
of the reference code) coincide with the correctly received. The bit error
rate for' a given  phase transitions of the received signal, the start
power level may be selected as a function of the    of a spreading code
coincides with the start of the number of chips per bit. The embodiments of
the  5    reference code, and so on. invention use statistical or averaging
techniques to make bit, byte (group of bits),and frame (group  Interference
rejection of bytes) decisions to achieve desired bit error      The process
of spreading the data unit being rates and does not require that all chips
for each  transmitted allows a receiver to reject all those code be
correctly received before a "bit received"    10   signals which are not in
the proper spread format. decision is made. The number of chips used to
In this manner, signals from adjacent satellites spread each bit affects
the bit error rate, as does  may be rejected by the small antenna receving
conditioning a bit received indication upon the     station. According to
the literature, the level (M) tentative reception of a minimum energy
level. By   of an interfering signal which the spread varying the above
decision thresholds, charac-    15   spectrum  receiver may successfully
reject is teristics and other parameters, a choice of bit     calculated as
follows. Given a minimum signal to error rates may be achieved for each
size of        noise ratio required at the output of despreading receiving
antenna.                                  portion of the receiver=[err] a
process gain of In the present invention a trade-off between      [err] and
system losses=[err] satellite bandwidth and earth station antenna size
20 is permitted to allow a user population of remote               M=[err]
ground stations to operate with different data rates and antenna sizes by
varying the number of      For example, a system having [err] chips per
bit. The longer the code length, the      dB, and  [err]=10  dB, would
have  an greater the number of chips or energy level upon    25
interference margin M=24 dB. Thus a significant which the decision may be
made. Likewise, by        level of interference may be rejected by a spread
requiring that a minimum  number of bits' be        spectrum system,
provided that enough chips per received before treating the
already-received bits  bit are used, thereby effectively compensating for
in a byte as valid, the bit error rate may be further  the wide beamwidth
of a small diameter antenna. enhanced. Thus it may be seen that in the
30   In this example, [err] of 36 dB requires approxi- embodiments of the
present invention the choice     mately 4000 chips per bit. of the number
of chips per bit, number of codes       The above benefits of spread
spectrum process used, thresholds of bit decisions, and the degree   gain
are dependent upon the orthogonally or near of correlation between the
codes all combine to     orthogonality between the interfering signal and
permit a variety of data rates and antenna sizes,   35   the desired
signal. Orthogonality occurs when including very small antennas, to be
included in    there is no agreement (or cross correlation) the  same
flexible  network  and  to  avoid        between two signals. Where cross
correlation is interference to or from other satellites or earth
significant, system performance will be degraded. stations.
Another view of the effect of spread spectrum The spreading  of the
transmitted  signal   40   techniques  upon  the  desired  signal  and
minimizes interference into other systems. The      interfering signal is
that spread spectrum maps a despreading of the received signal minimizes
narrow bandwidth signal into a wide bandwidth. interference into the system
described in the      When such spread signal is despread by the same
present invention. Given these interference         spreading code the
original narrow bandwidth properties the size of the earth station antenna
45    signal is recovered. Since any interference may be made arbitrarily
small by making the code    present at this despreading is not in proper
length arbitrarily long.                            spread form, it will be
mapped into a wide bandwidth.  Hence,  the  wide  bandwidth Synchronization
requirements                        interference may be removed and the
narrow The spreading of the data in the time domain   50    bandwidth
desired signal retained, by using a dictates that the examination of the
received       sufficiently narrow bandpass filter. signal at the receiving
end be synchronized in time. In other words the matching or despreading
Disclosure of the invention of the received signal with the local reference
-In accordance with the teachings of the present code must coincide by chip
(i.e. timing with   55   invention, the problems in providing low-cost
respect to each phase change), by bit (i.e. timing  satellite  ground
stations  employing  small of the start and end of the spreading code
antennas are overcome by the discovery that sequence), by byte (i.e. timing
of the grouping of  spread spectrum techniques applied to satellite the
transmitted bits); by frame (i.e. timing of the  communications systems
allows the receiving grouping of the transmitted bytes), and so 'on.   60
antennae to have a beamwidth greater than the Otherwise, where time
synchronization is not        orbital spacing of the satellites.
Communications maintained  the  signal components  which
satellite systems are typically power limited contribute to the threshold
levels looked for will  rather than bandwidth limited. The invention be
severely degraded or nonexistent. When the       recognizes that bandwidths
can be traded off for system is in time synchronization, the transitions
65   simplicity and low-cost in the ground stations, 5.    



7          0 050 478                                          8 thereby
making practical a small antenna earth        Figure 1. There is a one-way
flow of information, station.
with the sending-central station 14 transmitting a time division
multiplexed (TDM) spread spectrum The spreading codes
signal 2 to the geostationary satellite 3 which then In the preferred
embodiments of the invention,    5    relays the signal 12 to the
receiving-remote the spreading codes may take on the following
stations (only three such stations are shown in characteristics. A unique
set of codes may be         Figure 1 as an example, in practice the number
assigned to each class of receivers. A class might    may be much larger)
4. Unlike standard TDM, the include all receivers serving subscribers to a
news  time division format used in embodiments of the service, or receivers
serving a brokerage network.    10   invention-transmits data on a "next
available time Within each set of codes one code corresponds       slot"
basis. For each class: of receiving-remote
toaonesbitwhileadifferentcode(whichmay be           stations 4 there: is a
unique code set assigned. the inverse. of the ones code) corresponds to a
The two-way transmission network, see Figure zeros bit.
2, involves a two-way flow of information. This A single sync code may be
used. for all classes    15   involves a   double-hop transmission, i.e.
two of receivers if warranted. The sync signal is used   transmissions
through the satellite: one remote to maintain all receivers in time
synchronization.    station 4A communicates with  another remote The length
and composition of each code is         station 4 bytransmission 22,23 via
satellite 3to a selected for minimum cross correlation among
central station 14 which then retransmits 2,12 via the various codes for
the different classes of    20   the same satellite 3 to the desired remote
station receivers. Code length is also a function of the     4. It will be
noted that the same -satellite is sensitivity of the particular receiving
station..     employed in different frequency bands for the In each code..
sequence, 'for best results, the     inbound. and outbound. links. Also, it
will.  be number of chips having a ones. state is approxi-     appreciated
that a particular site will typically mately equal to the number having a
zeros state.    25   have a transmitter station 4A and a  receiving
Typically, chips are related to the bandwidth of.     station 4. Also, as
in Figure 1,while only two the spread spectrum signal and to the data rate
as    stations 4. and 4A, respectively are shown, in follows. Chip
frequency equals. internal receiver     practice there can -be a very large
number of such clock frequency. Clock frequency  equals the
stations.The antenna 21 is also a small antenna maximum rate at which the
spreading code BPSK   30   such as antenna 5 described. in connection with
modulates the transmitted signal..    -               receiving stations 4.
In practice, two antennas or a Bandwidth of the transmitted spread spectrum
single antenna with a diplexer can be used, or a signal equals
approximately  twice the chip          single  antenna  may. -be switched
between frequency depending on shaping applied. If the        transmitting
and receiving modes. chip rate is chosen to be fixed, the data rate is.
35  Due to  the  FCC  requirement  that earth determined by  the number of
chips in the            transmissions to a particular satellite may not
spreading code: chip rate   number of chips per.     interfere with
adjacent satellite   positions, a bit=data rate..
minimum antenna diameter is required for the Thus, spread spectrum
techniques are used to        remote station "transmitting" antennas 21.
For first spread a lower frequency data signal (narrow  40   example, for
-a transmitting frequency of 6 GHz,  a bandwidth) into a higher frequency
spread signal      minimum antenna diameter of four feet (1.2 m) (wide
bandwidth). This spread signal is used to       may be required to prevent
interference with BPSK modulate the carrier frequency which is
adjacent satellites. then relayed to remote stations through a geo-
The retransmission 2, 12, or "out-bound" link, stationary satellite. These
remote stations have    45   is the- one-way transmission system described
differing receiving capabilities which include        previously, see
Figure 1. The  first transmission small or portable dish antenna systems
with         links 22, 23, or "inbound" links, are code division beamwidths
greater than the satellite spacing.       multiplexed (CDM) spread spectrum
signals, in Each remote station hasa reference code unique      which each
signal is one of a pair of coded to the class of stations to which it
belongs.  Such    50   sequences of chips with one member of the pair code
is used to despread the incoming signal,        representing ones bits and
the other zeros bits. resulting in the rejection of all but that data
Each inbound transmitter-station has a different intended for the
particular station, - including     pair. of sequences (codes). The central
station 14 rejection of signals  received from other satellites  in the-
two-way network differs from that in the as a result of using such small
antennae. The    55   one-way network in that it has the additional
despread data are then conveyed to the user.         capability of
receiving and despreading CDM spread spectrum  signals. -transmitted by the
System  level summary  description, of the          remote stations 4A via
the satellite 3. In order to preferred embodiment
do this the central station 14 maintains a bank of The invention  comprises
two   related   60   receivers 273, see Figure 3, through which are
communications   systems:   a    one-way             circulated the CDM
reference codes for all remote transmission network, 'and a two-way trans-
stations 4, 4A in the system. mission network. -The one-way system entails
a         The use of CDM in the inbound link permits a transmission by a
sending-station to one or more     large number of mutually unsynchronized
remote receiving stations via geostationary satellite. See   65   stations
to access the same transmission channel. 6    



9                   0 050 478                      10' The CDM technique as
employed in the inbound        There are at least two options available to
link is necessary  because of the lack of           increase the data rate
handling capability of the coordination among the remote transmitting
station: 1) reassign codes to the station, this time stations 4A. Use of
CDM in the inbound link has     64 chips long, or 2) breakthe existing code
up into the advantage of permitting a remote station 4A  5    sections,
with each section corresponding to a bit to transmit intermittently,
continuously, or at     of information. some other rate without affecting
the timing or       As to the latter option, a code' portion
characteristics of the transmissions from other     unchanged could
correspond to a ones'bit and a remote stations.
code portion inverted (polarity) could correspond The spreading codes used
in the inbound link    70  to a zeros bit. 22, 23 and the outbound link 2,
12 differ. The        Generally, one set of reference codes will be
outbound codes are shorter in length and are        assigned to a class of
receivers. unique to a class of remote stations. Stations
Alternatively, several sets of codes may be used within a class are
differentiated by minimal        for each class of remote stations, with
one set addressing within the bit stream. The inbound    is   reserved for
data being transmitted, another set codes are significantly longer and are
unique to    reserved for administrative matters, and 'so on. individual
remote stations. Among the reasons       The code length is determined by
the size of the for a longer inbound code are: 1) the need for a
smallest antenna used by the remote stations in a higher processing gain to
compensate for the low    class  so  that all can  receive  the  data.
signal levels which result when a small diameter    20   Synchronization
information may be conveyed to antenna 21 is used to transmit from the
remote      the remote stations in one of several ways. One station 4A to
satellite 3; 2) the low power of a     method is to include a sync
character within the small transmitter designed to be low in cost and
data itself, but at a fixed interval of time. Or, if low in amount of
interference with terrestrial      necessary, a separate sync bit in a code
common microwave networks operating in the same    25  to all receivers may
be used. Where a sync bit frequency band; and 3) the larger number of
code is used code length is chosen so that the uncorrelated codes available
with a longer code      remote station receiver with the smallest antenna
length (as required by the CDM format utilized).     may receive the sync
signal and thus be maintained in a synchronized condition. System  level
operation  of the  one-way    30       Demodulation involves the detection
of the transmission network-Fig. 1                          modulation form
used by the central station 14. In -Theone-waytransmissionnetwork
comprisesa          the second method of detection, as described central
station 14,. a geostationary satellite 3, and  above, the demodulator
converts the BPSK signal remote stations 4. The central station  14
into pulse form at the chip frequency rate for later comprises user input
links 11, an intelligent data    35   despreading. In the first method of
detection, the concentrator/encoder 10A, and a transmitter 17.
demodulator detects the presence or absence of The geostationary  satellite
3  comprises a         the baseband  waveform  in the  previously
transponder system which receives signals from       despread signal. the
central station 14 at one frequency, for           Referring to Figure 1,
data are received by the example 6 GHz, and translates, amplifies and   40
central station 14 via input user links 11 such as transmits the signal at
a different frequency, for         modems. The data may be received at a
variety of example 4 GHz, to the remote stations 4. The      rates,
including 75 baud and 1200 baud. The data remote stations 4 receive the
satellite-relayed      concentrator 10,' in conjunction with micro-
transmission 12 from the central station. 14 using   processor 212, which
can be a general purpose small diameter dish antennas 5. The received    45
microprocessor, extracts from the data or the signal is then detected by
either of two processes.  source of the data, the identity of the remote
The first process requires that the received signal  station or stations 4
to which the data are to be be first despread using the local reference
code,    sent. The data concentrator 10 accumulates and then demodulated,
while the second process           arranges the data into bit and byte
formats. In like involves first the demodulation of the received    so
manner the data concentrator 10 arranges data signal, then the despreading
of the demodulated      from the other input links 11. The data are then
waveform.                                            sent to the
transmitter for transmission on a Despreading involves the multiplication
of the     prioritized or first-in first-out basis, character-by- incoming
signal with the reference code. There       character or by blocking into
packets with address are at least two reference codes used by each    55
headers. receiver: a ones bit code, and a zeros bit code.      Thus as data
comes in from the various users it The ones bit code may be independant of
the          is accumulated. As soon as a byte of data for a zeros bit
code, or it may be the inverse (polarity)  particular user has been
accumulated the byte of of the zeros bit code. In addition, a code may be
data is ready to be transmitted or formed into altered to contain more than
a single bit of    60   packets. The byte to be transmitted is routed out
information. For example, assume that a remote       of the data
concentrator 10 to a delay buffer 18. station was initially set up to
detect 256 chips per   The delay buffer 18 is controlled by a clock 18A bit
information  but  due  to  equipment            and is activated whenever a
sync code or sync improvement has improved signal to noise ratio
character is to be  inserted in  the data stream. sufficient to handle 64
chips per bit information.    65  As the data are routed through the delay
buffer 7    



11                  0 050 478                     12 18,. the
microprocessor 212 retrieves from storage  internal reference code with the
incoming chip the address to which the particular data are to be  stream
by. sliding. the internal reference in time sent as well as the key for
the: spreading code for  relative to the incoming chip stream until a match
the class of stations to which the addressed      is detected. Once the
internal reference code is station belongs. The microprocessor  212. then
5    approximately aligned with the corresponding causes the spreading code
to be generated in the   code sequence in  the incoming data stream a code
generator 16, whose output is used to         reference point is
established and Tau-dither multiply 20 the data stream emerging from the
techniques are used to maintain reference with delay buffer 18..The
microprocessor 212, code     the incoming stream. Thus,.:bit sync and
chipsync generator 16, and delay buffer 18 are all   10   are  achieved
simultaneously, followed  by controlled by a common clock 18A to ensure
continuing tracking. proper time synchronization of the data spreading
In this simplified implementation, the sync and insertion of the sync code
or character.      signals are unique characters. imbedded within Thus the
data concentrator .10 receives the      the data stream occurring at
intervals indicating parallel inputs from the input user. links .11,   15
the start of either fixed orvariable length packets accumulates the data
into bit and byte forms, then  Therefore, the incoming chip stream must
first be sends the data along in serial form for spreading  despread before
time synchronization  may be (multiplication 20 by a spreading code), and
then  performed. Therefore, before byte and frame sync transmission to the
remote stations 4.   .         may be performed, the  incoming chip stream
At the transmitter 17 the spread, formated data   20   must be despread,
chip and  bit sync must be BPSK modulates an RF carrier. The modulated
achieved, and the despread data must be signal is then translated up  to
the  carrier     demodulated.  After   demodulation,  the frequency and
then transmitted to the remote       examination of the data stream for the
sync stations 4 via geostationary satellite . 3         character is
performed within the microprocessor The remote stations 4 receive the
spread data   25   or by a special interface chip programmed to seek stream
using small diameter dish antennas 3 and    a given bit pattern. A more
detailed description of continuously compare the spread data stream
the synchronization process in the above single- with the sync code (if the
system uses a sync      code implementation will be provided below. code)
as well as the data codes of the: class to  .  When the looked-for spread
data are present in which the particular remote station belongs. Time    30
the received signal, the. output of the despreading synchronization at the
remote stations 4 is        circuitry 139 is demodulated and integrated 68,
achieved .on a chip, bit, byte and frame level.    and the energy level in
the separate detectors .Chip synchronization entails the aligning of the
(corresponding to ones, zeros, and sync' data) is clock   waveform  (which
controls the receiver     evaluated. The microprocessor 190, which can be
reference codes) with  the chip  frequency    35   a general purpose
microprocessor, examines waveform. In other words, the frequency of the
these outputs to determine whether a sufficient receiver clock must match
the chip. rate and. the  energy level is present to indicate the reception
of transitions of each, waveform  phase must          a bit. This threshold
energy level is determined by coincide. In the preferred embodiment
Tau-dither   the required bit error rate. synchronization is used. In this
embodiment the.   40    When a certain minimum number of bits have
despreading waveform is alternately made to be     been received (for
example, five bits out of an early by a fraction of a chip length and then
late  eight-bit byte), there is good reason to believe by the same amount.
Small differences between      that a byte of data was sent and the bit
decision the two then provide the steering information to    .    threshold
can be changed to achieve an improved make "early" equal to "late". When
despreading    45  statistical estimation. When there are missing bits is
performed before demodulation, Tau-dithering    and the minimum number of
bits have been is performed on the bit to an accuracy of one.     received,
the microprocessor 190 lowers  the quarter to one-eighth of a chip, thereby
achieving  energy level threshold, re-examines the output bit and chip
synchronization at the same time. In  energy levels, and makes a best-guess
of the the special case when no separate sync code is    50   missing bits
which will complete the byte of data. used,, a unique sync character is
inserted within   The despread data are then converted into the data stream
to indicate byte.sync and the start  RS-232 or other standard format and
conveyed to of either fixed or variable length packets.        the remote
station user via printer 191 or other Referring briefly to Figure 3, when a
sync code  Input/Output (I/O) device. is used, frame. synchronization (the
proper    55 positioning of the receiver reference codes with   Advantages
of the one-way transmission network respect to the start of each bit code
in the        As  implemented, the one-way aspect of the incoming signal,.
as well as to the start of the   invention has many advantages. First, the
central incoming sync code) is accomplished by framing     station data
concentrator 10,'see Figure 1, format sync circuitry: 161, described below
in greater    60  permits the transmitting of codes of differing detail. A
simplified implementation of the one-    lengths. With a chip rate assumed
fixed by the way transmission network is the case where a       internal
clock of the system, the code'length single spreading code is used. to
communicate      assigned to a. particular class: of stations both data and
sync characters. In such case, time  determines 'the rate at which data may
be lock is first achieved-that is, matching the    65  transmitted to that
class. However, since the 8    
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is time division multiplexed,    process gain of the system  be
insufficient to codes of differing lengths may be intermixed
overcome a particular interference source, the within the data stream
without interfering with     system carrier frequency could be reassigned,
the the overall timing  of the system. Typical          chip rate may be
altered, or the code sequence transmitted data rates range from 45 baud to
5    modified. "facsimile bursts" in the megahertz range. As to
Finally, because the system  utilizes a small the latter data rate, a
facsimile burst would entail  portion of the transponder bandwidth of the
no spreading of the data because such rate would    geostationary satellite
3, a number of similar be used for stations with sufficiently large
channels utilizing different carrier frequencies receiving antennas such
that use of  spread    10   within the transponder bandwidth  may be
spectrum techniques would be unnecessary. The       implemented to expand
the capacity of the trans- microprocessor 212 would  sense  that no
ponder up to the limits of the available spreading was required and permit
the data to be    transponder power. However, the preferred passed through
the multiplier 20 unaffected.        embodiment utilizes a single outbound
channel, Second,  microprocessor  control  (micro-   15   with all or a
substantial fraction of the trans- processor 212) of the data concentrator
10 and the  ponder power being concentrated within that data spreading 20,
16 permits a large degree of     channel. flexibility in interleaving
separate data streams within the overall transmission.
System level operation of the two-way Network- Third, since the
microprocessor 212 maintains a    20   Fig. 2 record of the remote stations
to which data from a    The two-way network utilizes the "outbound"
particular user input is to be addressed, the       link 2, 12 which
comprises the  one-way sender need not know the spreading code of
transmission network, see Figure 1, but. adds an those remote stations.
Nonetheless, addressing      "inbound" link. 22,23, as well as capacity in
the of a particular station within the class of stations    25   central
station to receive long code length CDM served by a particular user may be
accomplished     transmissions from remote stations 4A. Thus, at if desired
by minimal addressing within the data    each remote station site, both a
transmitting bit stream.                                         station 4A
and a receiving station 4 are provided. Fourth, the ability of the central
station 14 to  The central station 14 is also given the capability
accommodate a variety of data rates permits the    30   of monitoring and
recording system usage by use of statistical multiplexing techniques to
select  each remote station. formats and sequencing to achieve the most
The two-way network permits simultaneous efficient use of the communication
channel.         CDM transmission to other remote stations 4 via Fifth, as
conditions change (e.g. addition of or  the central station 14 by any or
all remote stations change in character of the remote stations in a    35
4A. Each remote station 4A uses the same class) modifications of codes and
formats may be    frequency, and does not require TDM hardware. easily
implemented by reprogramming the micro-      The network uses the higher
antenna gain processor 212 external memory.                      provided
by the large dish 270 of the central Sixth, since the remote stations are
micro-       station 14, in conjunction with high process gain processor
controlled (microprocessor 190, which    40   provided by use of long
spreading code lengths, can be a general purpose microprocessor) each
to compensate for the low signal levels being remote station 4 may be
reprogrammed, by            transmitted  by the remote station small dish
transmissions from the central station 14, to       antennas 21. accept
different codes of differing lengths, for      In  addition  the
retransmission  of  the example, when an increase in satellite transmitter
45  ' information by the central station 14 to the power levels permit
fewer chips per bit or when a   intended remote stations 4 via the
"outbound" more stringent bit error rate leads to a require-   link is at a
power level much greater than that ment for more chips per bit.
available from direct transmission by the remote Seventh, the use of spread
spectrum in the        station 4A. system allows small dish antenna
stations to be    50  The transmission capability 230, Figure 3,
successfully  employed  without  exceeding          which is added to each
remote station, spreads regulatory  imposed  spectral power density
the data provided by the remote station user limitations and without
interference to or from     using a spreading code having a length of a
terrestrial or geostationary interference sources  thousand or more chips.
The spread data are then Eighth, since. each remote station can be    55
transmitted, without sync codes or characters, separately addressed through
the spreading code     using a small diameter dish antenna 21, on a CDM
used, packet type formats or special preambles      basis. In the preferred
embodiment the transmit- could be avoided. However, should preamble
ting antenna 21 is a minimum of4feet in diameter formats or packet
addressing be required for       to meet regulatory beamwidth limitations.
Timing certain  stations,  such  formats  may  be   60   synchronization
for spreading of the data is implemented in bit form and sent as regular
data    derived from the receiver section of the remote without affecting
reception of data by other        station 4. nonpreamble-using stations.
At the central station 14 banks of despreading Ninth, the invention, as
implemented, is power    receivers 273 are maintained. To minimize rather
than  bandwidth  limited. Should the   65   equipment costs, despreading
receivers are 9    
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a subset of all expected         transmission network embodiment in
accordance inbound transmitting stations. This subset is       with the
invention. periodically changed to assure reception- of all       Figure 3
is. a. functional block diagram of the inbound transmissions. Each receiver
273 is          system  level  interaction  of  the  various assigned a
code corresponding to one remote   5    components of the  transmission
networks station in the system. As with the receivers in the  embodying the
present invention. remote stations of the one-way network these
Figure 4 is a block diagram of the despreading despreading  receivers  273
are  constantly         circuitry. monitoring the signals received by the
large dish      Figure 5 is a block diagram of the demodulation antenna
270. Typically, the number of remote   10   and energy detection circuitry.
stations will be very large, therefore the bank of     Figure 6 is a block
diagram of the chip, bit and despreading receivers 273 will circulate only
a      frame synchronization circuitry. portion  of the possible
spreading: codes             Figure 7 is an illustration of the correlation
corresponding to the remote stations that may be     response when two
identical code sequences are transmitting at any given moment. However, the
15   compared to each other at different degrees of number of despreading
receivers is selected         coincidence. statistically in light of the
expected data traffic so  Figure 8 is a block diagram of the central
station that. the  delay  between - a remote station       input/output and
data concentrator circuitry. transmission and detection of such
transmission by the central station. 14 is kept small. As the    20   Best
mode for carrying out the invention various remote station codes are
circulated           Figure  3 'illustrates  the  functional inter- through
the despreading receiver bank 273, the      relationship between the
various elements of the occurrence of a match of despreading code with
one-way and two-way transmission networks. the received data stream will
cause the particular   Reference to more detailed figures will be made
receiver in the bank to retain that despreading    25   and more detailed
description furnished when code until the particular transmission has been
certain elements of special significance are being concluded.
described.  Although  one  combination  of Because of differences in
location of each         elements from  which the invention may be remote
station, gradual changes in satellite orbit,  implemented is described,
there are numerous changes in the rotation of the earth, and other   30
other combinations which may implement the factors, there is a distinct and
different time delay     invention equally well. associated with the
transmission from  each           The selection of the spreading code
length was remote station. In one implementation of the        influenced
by: receiving antenna (5) size, receiver invention the necessary timing
corrections are      noisefigure, transponder(3)powerbandwidthof done at
the central station 14 in setting the timing    35   the transmitted
signal, the required bit error rate, of the circulation of a particular
code in a    the number of unique codes required, the data despreading
receiver 273. In another implementa-    rate, and the chip rate selected,
among other tion, each remote station maintains its own time     factors.
delay correction factor and adjusts the timing' of    For the preferred
embodiment of the outbound its transmission with respect to the received
sync    40   link, remote stations having 2 foot (60 cm) dish pulses and
chip positions.                         antennas are assigned 256 chips per
bit spreading codes, and remote stations having 4 foot (1.2 m) Included in
the despread data from a remote        dish antennas are assigned 64 chips'
per bit station transmission is the address of the remote   spreading
codes. station to which the data are to be sent. Once the    45  Remote
stations having 16 foot dish antennas data are despread by the despreading
receiver       do not require the use of spread spectrum 273 they are
treated as if they were data in the    techniques. one-way network, supra,
and processed by the          For the inbound link, all remote stations 4A
data  concentrator  10. Microprocessor  212         transmit using 4 foot
(1.2 m) dish antennas 21, retrieves the spreading code for the desired  50
2048 chip per bit spreading codes, and signal remote station. The data
concentrator 10 arranges   levels of generally under one watt of power.'
the data into bit, byte, and frame formats. The       The code length per
bit (outbound only) is 256 data are then spread 20 according to the
chipslong inordertokeepthe2foot(60cm)dish addressed receiver code, on a
prioritized or        remote stations (the least sensitive receiving
first-in first-out basis, and then transmitted 17,   55   stations) in
lock. In the special case where a single see Figure 3, via geostationary
satellite 3 to the  code is used to transmit both data and sync desired
remote station.                         information, the sync information
takes the form of a sync character imbedded within the -data Brief
description of the drawings                   stream. Figure 1 is a
simplified functional block diagram    60  A sync code or character is sent
at a fixed of the system  level operation of a one-way         interval,
for example,  once every 512 bits, where transmission network embodiment
according to        each bit sent is assumed to be in the longest code the
invention.                                      being used or, once every
tenth of a second. A Figure 2 is a simplified functional block diagram
frame is selected to equal the sync code interval. of the system  level
operation of a two-way    65   The chip rate is selected to be 2.4576 MHz.
The 10    
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interval and sync interval         mixer 63B may then be processed to
recover the therefore all occur at fixed times. The data rate,  spread
spectrum data. As described earlier, one however, is a function of the
spreading code        of two methods may be used: the signal may be length
selected. Therefore for 2 foot antenna       first despread then
demodulated, or it may be remote stations data rate will be 2.4576 MHz-256
5    demodulated first then despread. chips per bit, or 9600 in bits per
second. On the     In the preferred embodiment despreading is other hand
when a 4 foot remote station is          performed first. Referring to
Figures 3 and 4 the addressed data rate will be 2.4576 MHz- 64 chips
circuitry is shown. Despreading is performed first per bit, or 38,400 bits
per second. As is generally  by despreading circuitry 139, then
demodulation true of all codes utilized in this system, the codes    10
and  energy  detection  are ' performed  by selected are orthogonal or near
orthogonal to one   demodulation  circuitry  68. Despreading  is another,
and each has a near equal number of        essentially the multiplication
of the received ones and zeros.                                     signal
out of mixer 63B with the spreading codes It will be understood that the
fixed chips rate of  assigned to the particular remote station. 2.4576 MHz
is not critical. The spreading code    15  Despreading circuitry comprises,
Figure 4, a lengths are chosen to provide low error rates for   mixer bank
65 (56, 57, 58, 59, 56A, 57A, 58A, 59A), the signal levels obtained with
present state of the  and circulating registers 51  (124, 126, 124A, art
receiver noise figures. If higher error rates can   126A) . The circulating
registers 51 receive the be tolerated or if different receiver noise
figures  data and sync reference spreading codes from the are present, the
spreading code lengths should be    20   microprocessor 190, and circulate
them according changed accordingly.                                to
clocks 01 on line 101, and 02 on line 102, provided by the chip sync
circuitry 103, and Geostationary satellite transponder
commands from the microprocessor 190, which In the preferred embodiment the
geostationary     may be a general purpose microprocessor. The satellite 3
is used to relay transmissions between    25   microprocessor controls the
time at 'which the the central station 14 and remote stations 4 and
registers 51 begin circulation of the codes such vice versa. The heart of
the satellite is a trans-  that the start of the code sequence of the local
ponder which receives signals 2 at a nominal 6      reference codes will be
synchronized in time with GHz frequency and which retransmits 12 such
the start of the code sequence for each incoming signals at a nominal 4 GHz
frequency. The    30   bit. maximum  radiated  power permitted to  be
Register 124 circulates the ones bit data code transmitted by the
transponder is set by FCC        and outputs that code to mixer 59.
Inverter 125 regulation and is -149 dBW per square meter per     inverts'
(polarity) the ones bit code to derive the 4 KHz band. The effective
isotropic radiated        zeros bit code, and then routes it to mixer 58.
power (EIRP) transmitted by the geostationary    35   Similarly, register
126 circulates the +sync code satellite 3 in the-preferred embodiment of
the     and outputs the code to mixer 57. Inverter 127 invention is 20to 32
dBW. For a chip rate of 2.4576  inverts (polarity) the +sync code to derive
the MHz the bandwidth of the signal relayed by the      -sync code, and
then routes it to mixer 56. geostationary satellite 3 is approximately 4.9
Registers 124A and 126A circulate the data and MHz. The power of the
transmitter may be    40   sync codes in accordance with a Tau-dithered
increased to 32 dBW  in the same 4.9 MHz            clock [err] on line
102, in cooperation with chip sync bandwidth without exceeding the flux
density        circuit 103 and microprocessor 190, for the limits. Since
the typical bandwidth of a satellite  purpose of obtaining bit and chip
sync. These transponder is 36 MHz, it is clear that the relayed  operations
will be' discussed in greater detail signal is power rather than bandwidth
limited.    45   below. An alternative method of despreading is to use
Remote station receiver                             a single circulating
register, with the code being Referring now to Figures 3, 4, 5 and 6, the
circulated and the timing of such circulation receiving circuitry of the
remote stations 4 will be  under microprocessor 190 control. For example,
described. The receiver front end (pre amp) 61 is   so   in a system where
a sync code is used in addition of standard design for the reception of
signals in  to the data codes, the sync code may be inserted the 3.7 GHz to
4.2 GHz range.                       into the register periodically only
when a sync is The signal out of the front end pre-amplifier 61   expected
to appear, while at all other times the assumed to be 4000 MHz is
mixed-down to the         data codes are circulated. first IF frequency
(786 MHz in this example) in   55  When the output of mixer 63B (Figure 3)
is mixer 63. The mixing frequency  is derived by       multiplied in the
mixer bank 65 by the signals multiplying the L.O. 79 frequency (856. MHz in
this  from the circulating registers 51, despreading example) by four.
occurs. When a spread spectrum  signal is After amplification in the first
IF 64 the signal is   multiplied   by   the  properly  synchronized
mixed-down to a frequency of 70 MHz in mixer    60   spreading code, the
result is the original unspread 63A. The mixing frequency is supplied by
L.O. 79.   signal. Therefore if the signal out of mixer 63B is After
amplification in the second IF 64A, the signal  [err] g(m), where g(m) is
the spreading is mixed-down to 10.7 MHz in mixer 63B. The         operator,
the product [err] g(m)xg(m) will mixing frequency is supplied by L.O. 79A.
equal [err], whenever the spreading code g(m) The resulting 10.7 MHz
baseband signal from  65  is present in the received signal. Thus it may be
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seen that if the spreading code for a ones bit is   minimum level output
from the integrators 122, present in the received signal, a baseband
123, 131 and 130 which may be treated as a frequency will be output from
mixer 59. Likewise     received bit and thereby achieve the minimum if a
+sync spreading code is present in the          required bit error rate.
received signal a baseband frequency will be    5     This  bit threshold
decision  process is output from mixer 57. Similar resultsare obtained
implemented using comparators 132, 134, 135, from mixers 58 and 56. Mixers
56A, 57A, 58A and     and 137. Each comparator compares its integrator 59A
accept Tau-dithered codes from registers       output with a threshold
level (set to achieve a 124A and 126A in cooperation with chip sync
certain bit error rate). A positive output (i.e., that circuit 103 and
microprocessor 190 for the    10   the level has been exceeded) from a
comparator    - - purpose of obtaining bit and chip sync. These      is
treated as "hard" data. As mentioned above, operations will be discussed in
greater detail      since the low signal levels received often prevent
below. When the looked-for spreading code is not    a perfect match between
reference code and present in the received signal, the output of the
spread data code which results in energy levels. mixer will be a wideband
signal which may be    15   below threshold, a "soft data" record must be
removed by filtering.                               maintained. In  the
preferred  embodiment, From a time domain point of view it may be
comparators 133 and 136 implement one of the seen that in mixer bank 65 the
reference, codes     numerous  methods  to  derive  soft  data. shift the
phase of the L.O. 63B signal. For each    Essentially the levels of the
integrators for the chip of the code there is an associated phase shift.
20   ones bit and the zeros bit are compared, and the In the received
signal the spreading code will     greater level is deemed to indicate
reception of have shifted the carrier phase, with each chip of   that type
of bit. Similarly, soft sync is derived for the spreading code
corresponding to some phase      the sync signal. shift. When the received
signal spreading code       In the special case where all remote stations 4
and thereceiver reference code match,thephase    25   in the system  are
assigned a single code for shifts associated with each chip counteract each
transmission of both data and sync information, other and restore the
original baseband signal.     there is no need for a hard/soft bit
designation. Hence, the output of the mixer bank 65 will be the  Because,
in this case, all that is transmitted is baseband frequency of unshifted
phase n chips in   intended to be received by each remote station 4,
length, where n equals the code length. On the    30   a continuous stream
of bits may be assumed. other hand, if the codes were not the same, the
These bits consist of either data bits or filler bits. output from the
mixer bank 65 will be n chips of    Since a bit is necessarily present for
every bit baseband frequency having differing phases. It      position, the
soft data and sync despread outputs may be seen that if a phase detector
were used to    may be looked to directly to decide whether the demodulate
the waveform for each case, the    35    bit was a one or a zero. result,
where the codes match, would be a dc          The outputs of comparators
132 through 137 level n times that corresponding to an in-phase    are sent
to the microprocessor 190 for processing phase detector output for one
chip. On the other    and storage, see Figure 3. (Hard "+" sync data on
hand, in the unmatched case, the output would       line 138 is also sent
to the framing sync circuitry tend toward zero (for near uncorrelated
codes) or   40   161, Figure 6, for use there). The microprocessor toward a
negative level (for negatively correlated   190 maintains a record of the
hard and soft data codes).          ;
received, and even treats hard data as tentative Level detection of the
despread signal occurs in   until a minimum number of hard tentative bits
the  demodulation  circuitry  68, Figure  5.         have been received.
This enhances the system bit Demodulators 49 examine the signals output
45   error rate. If after a byte period several bits remain from the mixer
bank 65 for each of the lines: ones  undetected, the microprocessor 190
will examine data 52, zeros data 53, +sync 54, and -sync 55.     the soft
data record for the missing bits. The The  output of each  demodulator 49
is              microprocessor 190 "infers" that a byte of data accumulated
over a bit period by integrators 122,   was transmitted after it has
tentatively received a 123, 131 and 130..                           50
minimum number (usually 5) of bits. The micro- Demodulators may take
various well-known          processor lowers the bit decision threshold
when forms: a phase detector, a squaring loop detector   it looks to the
soft data or soft sync record for the or a Costas-loop detector.
missing bits and makes a best-guess as to the Integration of the
demodulator 49 outputs over     correct bit state. In this manner the
transmitted the code period produces an equivalent energy    55    data is
statistically recovered from the despread level and allows noise to average
out. Typically, in  and demodulated received signal. small dish  antenna
receiving  systems the          A second method of data recovery is to
received signal level is very low. This results  in  demodulate first. -
Carrier lock  is essential, less thana perfect match between reference code
however, if the modulation is to be properly and received spread data
codes. Therefore, the    60   detected. One implementation could consist of
a energy  level  actually  obtained  from  the        phase detector which
compares the incoming integrators 122, 123, 131 and 130 may not equal
received  signal with  a  voltage  controlled the expected maximum level,
although all chips      reference. The phase detector output is used to
were sent. As previously  described, statistical    correct the voltage
controlled reference so that techniques are employed to determine the    65
the  reference tracks the  carrier frequency 12    21
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deviations. The output of the phase detector also      AND gate 167
monitors synchronous counter yields  phase  changes  caused  by  BPSK
162 outputs corresponding to values greater than modulation. These phase
changes are the              the multiple of 64 chosen above. For example,
if a transmitted spread spectrum data stream. This        sync period were
selected to be one tenth of a data stream  is then multiplied by the local
5    second, counter  162  would  be  a  16-bit reference code to despread
the signal and. yield     synchronous counter. Outputs corresponding to the
original data.                                   values of 32x64 (2048) or
less would be However, demodulation before despreading in        monitored
by NAND gate 163, and outputs having small antenna receiving systems is
difficult to      values greater than 2048 are monitored by AND implement
due to the very low signal to noise    10   gate 167. At the precise clock
rate of the system, ratios present. At such low levels carrier lock is
2.4576 MHz, a tenth  of a second  period difficult to maintain especially
when interference   corresponds to  245,760  chips 'per period. is present.
Therefore, all counter 162 outputs monitored by NAND gate 163 will be zero
and all outputs Framing synchronization                        15
monitored by AND gate 167 will be one whenever Proper time synchronization
is essential to the    a sync signal is received, and if the count was
satisfactory operation of the spread spectrum        started upon receipt
of the last sync signal. system. The framing synchronization circuit 161,
Likewise the out-of-sync indication 166 is not Figure  6, ensures that the
frame  timing           initiated until a minimum number of non-modulo
maintained by the microprocessor 190 coincides    20   64 counts are
produced by the counter 162 as with the frame timing of the received
signal.        relayed to counter 164 by NAND gate 163. This is Recall that
a frame is defined as equaling the sync  to  prevent  momentary
interruptions  from interval and that a sync character (or code) is sent
disrupting the system operation. periodically, for example, once every
tenth of a       In the special case where a single data code is second, or
once every 512 bits, where each bit is   25    common to all remote
stations 4 in. the network, assumed to be in the longest code being used.
By     sync characters are embedded in the data bit maintaining frame sync,
it is ensured that the       stream.  Framing  sync  may  therefore  be
proper ordering of the received bits into bytes and  performed  within  the
microprocessor  190, packets is obtained.
thereby obviating the need for framing sync Since a sync code is sent at a
chip rate which is   30    circuit 161 in this special case. a multiple of
64, the frequency with which the sync bit is sent is a modulo 64 signal.
That is, a   Chip synchronization binary synchronous counter, counting at a
rate         The chip synchronization circuit 103, Figure 6, equal to the
system chip rate, if started when a     aligns the internal clock [err] on
line 101 with the sync pulse is received and stopped when a    35
received  chip  stream  82, Figure  5. Chip subsequent sync pulse is
received, will always       synchronization is attained when zero to one
and show a multiple of 64. Therefore, all of the binary  one to zero
transitions in the internal clock 01 counter outputs corresponding to
values less         coincide with the actual or theoretical chip than 64
will be zero, while some value equal to      transition points in the
received chip stream 82. A and greater than 64 will be nonzero. On the
other   40   theoretical chip transition point is the point in hand, if the
binary counter were started at some     time at which a chip state
transition would occur if time other than at the time a sync bit was
a chip state were changing from one value to received, its outputs for
values less than 64 will be  another. By maintaining chip sync efficient
nonzero at a point in time when a subsequent         despreading is
achieved, hence process gain is sync bit is received. Note that, given the
precise   45    maintained at near theoretical levels. chip rate of [err]
chips per second, a sync      There are several methods of chip
synchroniza- every tenth of a second is also a modulo 64 signal.  tion, of
which the Tau-dither tracking method will In  the   preferred   embodiment,
n-bit           be discussed here. synchronous counter 162 counts the
internal            In the preferred embodiment of the invention clock
[err] (i.e., the chip frequency) on line 101 from    so    the Tau-dither
method is used, Figure 6. This the chip sync circuitry 103. Counter 162 is
method involves the incremental shift of the initialized, in other words,
the count is started    internal clock 01 which controls the circulation of
from zero, when an out-of-sync signal 166 is         the local reference
codes in circulating registers received from NAND gate 1.65 and when a hard
51. Here the triangle-shaped correlation charac- +sync level is received on
line 138 from the   55   teristic of the code sequences used in the system
demodulation circuitry 68. So long as the out-of-    provides the
directivity for control of clock [err] sync 166 indication is present, the
counter 162 will  synchronization. Figure 7 illustrates the effect of a
reinitialize until sync is obtained.                 clock shift upon
correlation depending upon The out-of-sync signal 166 is initiated only
after  whether the clock [err] is advanced or retarded with counter 164
counts a small number, less than 10,   60    respect to the received chip
sequence. of "no-sync" indications from NAND gate 163.           When the
clock [err] is in a retarded state, an NAND  gate  163  monitors all
outputs  of            incremental shift of the clock which tends to
synchronous counter 162 corresponding  to            advance the clock
position will result in an values less than or equal to some multiple, m,
of    increased amplitude of the correlation. On the' 64, where m<n.
65    other. hand, if the clock 01 is in advanced state, 13    23
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and incremental shift of the clock which tends to   the signals from the
energy detectors 49A on line advance the clock position will result in a
82. In accordance with correlation response decreased amplitude of the
correlation. By          levelssee Figure 7, found on line 82, the micro-
comparing the direction of these amplitude           processor 190 adjusts
the amount and direction of changes with respect to the wave form  which
5    phase. shift imparted to the 02 clock by. the generated the
incremental shifts in the first place,  incremental phase modulator 302, as
well as the a correction voltage may be derived to adjust the   frequency
of VCO 304. Use of a microprocessor internal clock [err] to exact
synchronization with.the  190 to control the VCO 304 and incremental phase
received chip stream.                                modulator. 302
response  provides  added In one embodiment, low frequency oscillator    10
flexibility in the implementation of the Tau-dither 300 produces the
waveform which causes the           sync method. incremental shift in the
clock [err] VCO (voltage.      In the special case where a single data code
is controlled oscillator) 304 generates the clock       common to all
remote stations 4 in the network, frequency [err]. The incremental. phase
modulator       the synchronization circuitry differs from  the 302
receives the VCO 304 output and causes an    15   more general case  above.
Based  on  the incremental phase change in the clock [err]
assumption that there is a continuous bit stream, according to the low
frequency oscillator 300        a time lock operation is first performed.
output. This phase-shifted form of [err]is output on    Time lock
synchronization involves first a bit line 102 and henceforth will be
referred to as 02.-    synchronization operation. Bit synchronization This
Tau-dithered clock 02 is. then used with   20   requires that the internal
reference code be circulating registers 124A and 126A. As with
compared to the incoming data stream at a rate. registers 124 and 126,
registers 124A and 126A       greater than the data stream rate. The
reference also circulate data and sync codes. The circulating  code is.
"raced along" the data stream  by the codes are mixed with the incoming
signal from        internal clock. until a correlation indication is mixer
63B using mixers 56A, 57A, 58A and 59A;   25   obtained. See Figure 7. At
such point, the bit the ones code from register 124A is  mixed in
position is approximately defined. mixer 59A, the zeros code from inverter
125A is       To reduce hardware costs, the process of mixed in mixer 58A,
the +sync code from register     "racing" the code along the data stream
may be 126A is mixed in mixer 57A, and the-sync code        accomplished
using a single circulating register from  inverter 127A is mixed in mixer
56A.   30   (e.g., register 124A) under microprocessor (190) However,
because clock [err] is Tau-dithered,the      control. The internal  clock
which controls the resulting output from mixers 56A, 57A, 58A and
internal code circulating rate is under micro- 59A is a Tau-dithered
despread data and sync         processor (190) control and is derived from
the signal. These Tau-dithered signals are detected      system  master
clock, VCO 304. The micro- using energy detectors 49A in demodulating    35
processor: (190) causes the clock to "race" with circuitry 68,see Figures 3
and 4. The outputs of    respect to the incoming data stream  until a the
energy detectors are combined to form a          positive correlation is
obtained, on line 82 for spreading codecorrelation stream on line 82. In
example. This "racing" of the clock is obtained practice, when the inverse
of the ones code (or      using a "bit-stealing" operation where. the VCO
+sync) is used for the zeros code (or. -sync), a    40   (304) frequency is
decreased by "stealing" bits separate energy detect need not be performed
on      from the VCO (304) output. By increasing the both despread lines.
Therefore, in such case the     number of bits stolen, the clock frequency
is Tau-dither  despreading   and energy detection       increased.  By
decreasing the number of bits may be performed satisfactorily without the
use     stolen, the clock frequency is decreased. of mixers 58A and 56A as
well as the energy    45      Once the approximate sync is obtained Tau-
detectors 49A on lines 53A and 55A. However,         dither bit and chip
sync, as previously described, when distinct codes are used in "1", ".0",
+sync       see Figure 6, is performed. By use of the Tau- and -sync
circulating registers, mixers and detectors for each must be provided. The
output      dither chip    synhronization method stream  82 contains the
correlation amplitude    50   synchronization within one-eighth to
one-fourth of a chip is obtained. changes due to the incremental clock 01
position       Ater chip  sync is achieved the despread signal shifts. Band
pass filter 305 extracts the amplitude  is demodulated 49, using a Costas
demodulator, component. The low frequency signal 300 is          for
example. The resulting data is sent to the compared with the correlation
amplitude change       microprocessor 190. in phase detector 301. After
filtering by low pass   55 filter 303, the resulting correction signal 306
is   Atthispoint themicroprocessor190, performs applied to adjust the VCO
304 frequency. In this   the framing sync operation by scanning the data
manner the received chip stream is constantly       for the unique sync
character which is embedded compared with the. clock [err] and chip signal
within the data at periodic intervals. In order to corrections are
constantly implemented.        60   ensure that a detected sync  character
is not a An alternative implementation to chip sync 103    fortuitous
combination of bits due to the arrange- is to place VCO. 304 and
incremental phase           ment of the data, the microprocessor 190 will
modulator 302 under. microprocessor (190)          verify that sync
characters are present at the next control (dotted lines, Figure 6) In such
an          several sync intervals, for a small number of embodiment the
microprocessor 190 evaluates    65   intervals less than ten. 14    
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Note that the local oscillator 216 is controlled by a Referring to Figures
1, 3, and 8, the central     crystal  maintained  under - environmentally
station 14 will now  be described. The data         controlled
conditions,  thereby   promoting concentrator (10) portion of the central
station 14  excellent long term  stability of the 70 MHz comprises  (RS-232
Electrical  Signal  Level    5    subcarrier frequency. Modulation is
performed at Changers 210, Universal Asynchronous Receive/       a high
frequency level for ease of up-conversion. Transmit parallel to serial
devices (UART) 211 and  The output of the balanced modulator 215 is then
microprocessor 212, which may be a general          frequency translated to
the nominal 6 GHz carrier purpose microprocessor. See Figure 8.
frequency, amplified, and transmitted, using a Data from up to 144
different sources (e.g.,   10   large dish antenna 8 to the geostationary
satellite input links 11) are accepted by the RS-232 level    3. changers
210. The data are then transformed from parallel form to a serial bit
stream by the    The inbound link: Figures 2, 3 UART devices 211. A  UART
211 device is               As described in the system level description of
examined by the microprocessor 212 whenever it   15  the two-way.
transmission network, supra, the sends a UART attention flag to the micro-
two-way network utilizes the one-way transmis- processor 212. The attention
flag tells the micro-  sion network for the second hop, or "outbound
processor 212 that the UART 211 has begun to        link", Figure 1 and
adds remote station code receive data. When the microprocessor 212
division multiplex (CDM) transmission capability encounters a UART 211
which is full, it transfers   20   230 to the remote stations, as well as
CDM the contents of that UART 211 into the byte buffer  receiving
capability 231 at the central station 14 214. Associated with the UART 211
is the source     for the first hop,or "inbound link", of the double of the
data from which the microprocessor, by       hop transmission. One remote
station 4A may examining its external memory, EPROM 213, may       thus
communicate with another remote station or derive the identity of the
remote station to which    25   stations 4 by routing the transmission
through the the data is to be sent and the spreading code key   central
station 14 via satellite 3, see Figure 2. The to be used. The spreading
code key is then stored   central station 14 receives the CDM transmission
in RAM 214 until the data in the byte buffer 214    from the sending
station 4A, despreads it, then are sent to the delay buffer 18 and thence
to the   respreads it with the addressed station spreading multiplier 20.
30   code, and then transmits the respread data in As the data are routed
to the multiplier 20, the  TDM form through the geostationary satellite 3
to microprocessor 212, using the spreading code        the addressed remote
station 4. key from RAM 214, causes code generator 16 to generate the
desired  spreading  code. This         Added transmitter circuitry
spreading code is then routed to multiplier 20   35   Referring to Figure
3, the transmitter circuitry where it is used to spread the incoming data.
230, added to give a remote station CDM A  sync character is inserted at
periodic         transmission capability, is shown. This circuitry is
intervals, for example, every tenth of a second. At  basically a PBSK or
FSK transmitter, but with a this point the delay buffer 18 accumulates the
frequency synthesized carrier source 243, 244, incoming data while the
microprocessor 212   40    235 and 236, as well as spread spectrum encoding
causes the code generator 16 to output the sync     30, 239. Data, clocks
and controls are provided by spreading code or character to the multiplier
20.   the receiver section of the remote station. When the sync code or
character has been              The frequency synthesized carrier frequency
is inserted into the bit stream, spreading of the data  derived by dividing
the VCO 235 output by a is resumed.                                   45
scaling factor (frequency selector 243) selected by Note that the
multiplier 20 is essentially an     the microprocessor 190. The frequency
selector exclusive-OR  gate (XOR). Therefore, as the         243 comprises
a progammable counter. The spreading code is applied to one input of
output of the frequency selector 243 is then multiplier 20 and the data
applied to the other, a  compared in XOR gate 244 against a reference
"ones" data bit results in an output of an    50   signal derived from the
internal receiver clock 01. unaltered ones bit spreading code.
The output of XOR gate 244 is then filtered in low If the data are zeros
bits, the output will be the  pass filter (LPF) 236 and applied to adjust
the inverse (polarity) of the ones bit spreading code,  scaled VCO 235
frequency to coincide with the or the zeros bit spreading code. (Recall
that the   reference frequency. This permits the frequency zeros bit
spreading code is chosen in the    55   synthesized carrier to track the
receiver clock [err] preferred embodiment to be the inverse (polarity)
even when the two are at different frequencies. of the ones spreading code.
The same is true for      The microprocessor 190 controls the timing of the
+sync and -sync spreading codes).               the application of the data
to the multiplier (XOR If there are no data to be encoded, a filler
gate) 239 as well as the timing and generation of character is sent to keep
the remote stations 4 in a    60   the spreading code 30. locked condition.
The spreading code used is unique to each Once the data have been spread,
they are          remote station. In the preferred embodiment the applied
to balanced modulator 215 which causes      code length is selected to be
2048 chips. The code the 70 MHz local oscillator signal 216, applied to
corresponding to a ones bit is different from that the other multiplier
input, to be BPSK modulated.    65   for a zeros bit. The code generator
comprises .a 15    



27                   0 050 478                      28 combination of shift
registers, selected outputs of  station 14 -should be capable of receiving
data which are exclusive-OR'ed and reintroduced into     from  at least
5x1024=5120 different remote the shift register input. The number of ones
chips   stations per 36 MHz transponder.' is approximately equal to the
number of zeros chips in each code.                           5   Signals
received by the 60 foot receiving Transmission  from  the  remote   station
antenna 270. of the central station 14 are first transmitter circuitry 230
is -simultaneous with      mixed (271) down to a nominal 70 MHz IF respect
to inbound transmissions of other remote    frequency. The signal is then
separated into the stations. The timing of these transmissions is      five
transponder  channels  by  L.O./mixer based upon the received sync signals
transmitted    1O   combinations 272. Associated with each LO./ by the
central station 14 on the outbound link. In   mixer output is a bank of
despreading receivers this way the timing sync problem at the central
273. See Figure 3. Each despreading receiver is station despreading
receiver bank 273 has a         loaded with the code sequence of a
different common  reference point from which correction        potential
transmitting remote station 4A. The factors for distance and earth
rotational shift may    15   number of despreading receivers per channel be
calculated. These correction factors are          cannot economically be
made equal to the total implemented at the central station 14.
number of remote stations using a channel, Simultaneous transmissions by
the remote           thereforethe incoming signal is compared to only
stations require non-interfering codes. This, plus   a portion of the
possible codes at one time. The the need for greater process gain, dictates
the    20   remaining codes are cycled into the despreading choice of code
length of a thousand chips or more   receiver 273 on successive cycles of
the search as well as orthogonal or near orthogonal codes.      The number
of receivers 273 in the bank are To summarize the add-on transmitter
circuitry     selected statistically in light of the expected traffic 230
receives data, under microprocessor 190          patterns and  acceptable
acquisition  period. control, from a remote station user i/O terminal    25
Typically there are 256 despreading receivers in a 191. The microprocessor
190 causes the code          bank,andacquisitiontimetakesamaximumof15
generator 30 to generate the remote station's two    to 30 seconds. 2048
chip CDM codes, as well as adjusts the            Associated with each code
sequence is a frequency selector 243 which sets the carrier        unique
timing correction factor. The timing frequency. XOR gate 239 multiplies the
data with    30   correction factor is a function of the particular the
spreading codes, all under microprocessor        remote station location,
and, to a lesser extent, 190 control. The output of XOR  gate 239
daily shifts in the  geostationary satellite 3 modulates the frequency
synthesized carrier in       position.  In loading a particular code into a
balanced modulator 234. The output of  the           despreading receiver,
the microprocessor 212 balanced modulator is then frequency translated
35   implements the correction factor by delaying the 233 to the desired
frequency and transmitted via     start of the  spreading  sequence  by
the geostationary satellite 3 to the central station 14  appropriate
amount. By assigning the timing 21.  correction task to the central station
14, the need for each remote station to maintain correction Central station
receiving circuitry 231        40   capability   is   eliminated.
Additionally, Referring to Figure 3, the central station
unauthorized use of a remote station, e.g., after a receiving circuitry 231
allows the station to      theft, will be prevented should the station be
receive signals from all remote stations 4A served   moved from its
designated location. by the geostationary satellite 3. With chip rate for
When a despreading -receiver 273 detects a the system selected to be
approximately 2.45    45   matching spreading code in the incoming data
MHz, the null-to-null bandwidth of one channel is   stream, it retains the
code in its circulating 2x2.45 MHz=4.9 MHz. In addition, each channel
register and waits for additional transmissions. nay   accommodate   [err]
users             As in the remote station spreading circuitry 139,
assuming two codes per user. (The number of          described supra, the
incoming signal is despread orthogonal codes is approximately equal to code
50   and detected. The noise averages out and the length). Theoretically,
the central station 14 would   signal components accumulate additively.
Each be  capable  of   receiving   approximately         bit accumulation
is- examined to see if the 11 x 1024=11,264   different  remote  station
required threshold is exceeded. If a certain transmissions. (Assumes 36 MHz
transponder           number of hard data bits are received, the micro-
bandwidth and signals positioned 1.2xR center-    55   processor 212 will
examine the soft data to-center  spacing where R -equals the chip rate.
information for the best decision on the missing This spacing -is the
closest practical bandwidth     bits. before  encountering   serious
intersymbol           After despreading  the data are treated as are
interference).                                   data from a terrestrial
source 11. The despread In the preferred embodiment, the bandwidth    60
data contains address and raw data information. chosen per channel is 4.9
MHz (2x2.45 MHz),         As with data received from a terrestrial source,
thereby permitting six or seven channels within    the data concentrator 10
and microprocessor 212 the 36 MHz bandwidth of a standard satellite
serialize and spread the data for retransmission to transponder, with one
of those-channels reserved    the addressed remote station 4. for the
outbound link. Therefore, the central    65   The microprocessor 212 also
maintains a 16    



29                   0 050 478                        30 record of the
system  usage by each remote             being  transmitted  using  spread
spectrum station.                                               processing,
characterised in that the antennae (5) have a beamwidth greater than the
said minimum Operation of the two-way network                       orbital
spacing, and by a central earth station (14) Referring to Figures 2 and 3,
the operation of    5    which transmits the messages to the satellite with
the two-way  transmission  network will be             a characteristic
spread spectrum processing such described. At the remote station 4A the
user          that each receiving earth station (4), which applies inputs
data  on  I/O  device  191, including         corresponding spread spectrum
processing to designation of the remote station to which the
received messages, detects only messages with information will be sent.
Microprocessor 190    10   the   said  characteristic  spread   spectrum
routes the data to XOR gate 239 and at the same        processing and
ignores messages received from time causes code generator 30 to generate
the          other satellites. remote station 4A CDM  spreading codes. The
2. A system according to claim 1, characterised data are spread in
synchronization with the            in that each receiving earth station
(4) includes system sync timing. The spread data are then     15   means
(68, 190) for converting the format of the transmitted CDM 22 to the
geostationary satellite     received message into a form suitable for a
user. 3  using  a  4-foot dish  antenna  21. The              3. A system
according to claim 1 or 2, charac- geostationary satellite 3 receives the
transmission   terised in that each antenna (5) has a gain and relays 23
the signal to the central station        providing a signal level below the
thermal noise 60-foot dish 270. The central station receiving    20   floor
when  standard  (nonspread  spectrum) circuitry 231 matches the signal with
a local         satellite modulation techniques are used. reference code
obtained from  memory and                4. A system  according to claim
1, 2 or 3, circulated in a despreading receiver 273. The
characterised  in  that the  spread  spectrum reference  code  which
matches  the  signal           processing  means in the receiving  stations
identifies the remote station from  which the    25   includes means (124)
storing a local reference signal was transmitted. The data and address
code for comparison to signals received for information are despread and
the data respread        recovering data sent to the receiving station. in
the addressed station's spreading code. The          5 A system according
to claim 4 characterised spread information is transmitted Time Division
. Multiplexed, 2, 12 Binary Phase Shift Keying via    30   in that the
spread spectrum processing means includes means (126, 124A, 126A, 49A, 103)
for the geostationary satellite 3 to the addressed         synchronizing
the processing  means to the remote station 4. The addressed remote station
4       received signals.. detects the data intended for it in the
transmitted     6. A system according to claim 1 to 5, charac- stream. The
data  are first despread, then             terised in that spread spectrum
processing means demodulated to yield the transmitted data. Chip    35
in the central station (14) includes means (212, sync 103 maintains chip
and  bit synchronization,      213, 16) for processing  data for particular
and framenc 161 mintains code  and frame                   receiving
stations (4) with a spreading code alignment. The microprocessor 190 forms
the            unique to such stations. despread  data  into  bytes and
then, with            unique to such stations. 7. A system according to any
of claims 1 to 6, approprate controls, outputs the data 191 to the    40
characterised in that said spectrum  processing user. In the special case
where a single code contains     means in the central station (14)
processes data both sync and data information, time lock is first    for
particular receiving  stations (4) with a obtained by racing the internal
reference code         spreading code having a length commensurate along
the incoming chip stream and observing     45    with the sensitivity of
the least sensitive station the despread output for a positive correlation
among the particular receiving stations. 8. A system according to any of
claims. 1 to 7, indication. -Once time lock or bit sync is
obtained.characterised in that the central station (14) Tau-dither
techniques are used to fine-tune the transmits messages in a time division
format. positioning of the first chip of the incoming bits with the first
chip of the internal reference code.    50  9. A system according to any of
claims 1 to 8, After chip sync is obtained, the despread data are
characterised in that data processed by each demodulated. The
microprocessor extracts the           unique  spreading  code  occupies the
next sync character from the demodulated data and           available time
slot. adjusts the system timing accordingly.                   10. A system
according to any of claims 1 to 9, 55   further comprising a plurality of
transmitting Claims                                                 earth
stations (4A) with  antennae (21) for transmitting messages to the
satellite (3) for 1. An earth satellite communications system
relaying to the central earth station (14) which employing one of a
plurality of repeating geo-         re-transmits the messages to the
satellite for stationary  satellites having  a predetermined    60
relaying to the receiving earth stations (4), charac- minimum orbital
spacing, the system comprising         terised in that each transmitting
earth station (4A) the geostationary satellite (3), and wherein
also applies a characteristic spread spectrum messages are transmitted to
the satellite to be        processing to its transmitted messages, and the
relayed to a plurality of receiving earth stations (4)  central earth
station (14) applies corresponding each equipped with an antenna (5), the
messages    65   spread spectrum processing to received message 



17    29                   0 050 478                      30 record of the
system  usage by each remote          being  transmitted  using  spread
spectrum station.                                            processing,
characterised in that the antennae (5) have a beamwidth greater than the
said minimum Operation of the two-way network                    orbital
spacing, and by a central earth station (14) Referring to Figures 2 and 3,
the operation of   . 5    which transmits the messages to the satellite
with the two-way transmission  network will be           a characteristic
spread spectrum processing such described. At the remote station 4A the
user        that each receiving earthstation (4),which applies inputs data
on  I/ O  device  191, including         corresponding spread' spectrum
processing to designation of the remote station to which the      received
messages, detects only messages with information will be sent.
Microprocessor 190    10  the  said  characteristic  spread  spectrum
routes the data to XOR gate 239 and at the same     processing and ignores
messages received from time causes code generator 30 to generate the
other satellites. remote station 4A CDM spreading codes. The            2.
A system according to claim 1, characterised data are  spread in
synchronization with the        in that each receiving earth station (4)
includes system sync timing. The spread data are then    15   means (68,
190) for converting the format of the transmitted CDM 22 to the
geostationary satellite   received message into a form suitable for a user.
3  using  a 4-foot dish  antenna  21. The             3. A system according
to claim 1 or 2, charac- geostationary satellite 3 receives the
transmission  terised in that each antenna (5) has a gain and relays 23 the
signal to the' central station    providing a signal level below the
thermal noise 60-foot dish 270. The central station'receiving    20   floor
when  standard  (nonspread  spectrum) circuitry 231 matches the signal with
a local       satellite modulation techniques are used. reference code
obtained from  memory and              4. A system  according to claim  1,
2 or 3, circulated  in a despreading receiver 273. The      characterised
in that the spread  spectrum reference code which  matches the  signal
processing  means in the receiving stations identifies the remote station
from  which the    25   includes means (124) storing a local reference
signal was transmitted. The data and address        code for comparison to
signals received for information are despread and the data respread
recovering data sent to the receiving station. in the addressed station's
spreading code. The        5. A system according to claim 4, characterised
spread information is transmitted Time Division     in that the spread
spectrum processing means Multiplexed, 2, 12 Binary Phase Shift Keying via
30   includes means (126, 124A, 126A, 49A, 103) for the geostationary
satellite 3 to the addressed      synchronizing the processing  means to
the remote station 4. The addressed remote station 4    received signals.
detects the data intended for it in the transmitted   6. A system according
to claim 1 to 5, charac- stream. The data are first despread, then
terised in that spread spectrum processing means demodulated to yield the
transmitted data. Chip   35   in the central station (4) includes means
(212, sync 103 maintains chip and bit synchronization,    213, 16) for
processing  data for particular and frame sync 161 maintains code and frame
receiving stations (4) with a spreading code alignment. The microprocessor
190 forms the         unique to such stations. despread  data  into  bytes
and  then, with           7. A system according to any of claims 1 to 6,
appropriate controls, outputs the data 191 to the    40   characterised in
that said spectrum processing user.
means in the central station (14) processes data In the special case where
a single code contains  for particular receiving stations (4) with a both
sync and data information, time lock is first  spreading code having a
length commensurate obtained by racing the internal reference code
with the sensitivity of the least sensitive station along the incoming chip
stream and observing    4   among the particular receiving stations. the
despread output for a positive correlation 8. A system according to any of
claims 1 to 7, indication. Once time lock or bit sync is obtained.
characterised in that the central station (14) Tau-dither techniques are
used to fine-tune the positioning of the first chip of the incoming bits
with the first chip of the internal reference code.   50  9. A system
according to any of claims 1 to 8, After chip sync is obtained, the
despread data are   characterised in that data processed by each
demodulated. The microprocessor extracts the         unique  spreading
code occupies the  next sync character from the demodulated data and
available time slot. adjusts the system timing accordingly.
10. A'system according to any of claims 1 to 9, 55   further comprising a
plurality of transmitting Claims
earth stations (4A) with antennae (21) for transmitting messages to the
satellite (3) for 1. An earth satellite communications system      relaying
to the central earth station (14) which employing one of a plurality of
repeating geo-      retransmits the messages to the satellite for
stationary satellites having a predetermined    60   relaying to the
receiving earth stations (4), charac- minimum orbital spacing, the system
comprising      terised in that each transmitting earth station (4A) the
geostationary satellite (3), and wherein         also applies a
characteristic spread spectrum messages are transmitted to the satellite to
be     processing to its transmitted messages, and the relayed to a
plurality of receiving earth stations (4)  central earth station (14)
applies corresponding 



each equipped with an antenna (5), the messages    65   spread spectrum
processing to received message 17    31                    0 050 478
32 to detect and re-transmit only messages with the       Revendications
corresponding spread spectrum  processing. 11. A system  according to claim
10, charac-            1. Systeme de tdlecommunications par satellite
terised in that the central station (14) receives        terrestre
utilisant, I'un de plusieurs satellites additional data from  terrestrial'
sources for    5    geostationnaires r6p6teurs ayant un 6cartement
transmission to the satellite (3), applies the         orbital minima
predetermin, le systeme corn- spread  spectrum   processing  thereto  'and
prenant le satellite geostationnaire (3) et,,dans transmits the processed
additional dati.                lequel des messages sont emis vers le
satellite 12. A system  according to claim  10 or 11,
pourtrerelayesversplusieurSstations de rcep- characterised i.n thatthe
transmitting stations(4A)  10   tion terrestre's (4)'equipees chacune d'une
anten- transmit on different frequencies from the central      ne (5), les
messages 6tant transmis en utilisant un station (14).
traitement de spectre 6tale, caract6ris6 en ce que 13. A system according
to any of claims.10 to        les antennes (5) ont une largeur de faisceau
12, characterised in that the  transmitting stations    superieure audit
6cartement orbital minimal, et (4A) transmit in a code division multiplex
format    15   par une Station terrestre centrale (14) quj emet los and the
central station (14) transmits in a time       messages vers le satellite
avec un traitement division multiplex format.
caracteristique de spectre etale de maniere que 14. A system according to
any of claims 10 to        chaque station terrestre r6ceptrice (4) qui
appli- 13, characterised in that at least one pair of         que
unitraitement de spectre etale correspondant transmitting and receiving
stations (4A, 4) are    20   aux messages recus, d6tecte seulement les mes-
located at the' same geographic site.                  sages avec le
trbitement caract6ristique de spec- 15. A system.according to'claim  14,
charac-         tre etale et nreglige les messages requs d'autres terised
in that each transmitting station (4A) has a    satellites. unique
spreading code or pair of codes.                  2. Systeme selon la
revendication 1,.caracterise 16. A receiving earth station for use in an
earth    25   en ce que chaque station receptrice terrestre (4) satellite
communications system employing one           comporte un dispositif (69,
190) destine Aconver-. of a plurality of repeating geostationary satellites
tir le format du: message recu en une forme qui having  a  predetermined
minimum- orbital             convient pour un utilisateur. spacing, and
wherein messages transmitted to            3. Systeme selon la
revendication 1 ou. 2, the satellite from  a transmitting earth station  30
c.aracterise en ce que chaque antenne (5) a un employing  spread  spectrum-
processing  are            gain produisant un niveau du signal au-dessous
relayed to the receiving earth station (4) which       du .minimum  deo
bruit thermique lorsque des comprises an antenna (5)and means (30, 239) for
techniques standard de modulation de satellite detecting the spread
spectrum messages  charac-         (spectre non etal4) sont utilisees.
terised in that the antenna (5) has a beamwidth    35    4. Systeme selon
la revendication 1, 2 ou 3, greater than the said minimum  orbital spacing,
caract6nis6 en ce que le dispositif de traitemerit de and the detecting
m'eans (30, 239) apply a            spectre etale dans les stations de
reception com- predetermined spread spectrum processing such         porte
un dispositif (124) qui memorise un code de, as to detect only messages
transmitted with such      r6ference local pour la comparaison avec des
processing via the said one satellite and to ignore    40   signaux regus,
afln de restituer des donnees messages received from other satellites.
emises vers la station receptrice. 17. A receiving station according to
claim 16,         5. Systeme selon la revendication 4, caract6rise
characterised in that the: detecting means (30,         en ce quo le
dispositif de traitement A spectre 239) further includes means (68, 190)
for               6tale comporte un dispositif (126, 124A, 126A, converting
the format of the message into a form  45   49A, 103) pour synchroniser le
dispositif de suitable for a user.
traitement avec les signaux regus. 18. A receiving station according to
claim 15 or       6. Systeme selon lVune quelconque des reven- 17,
characterised in that the antenna (5) has a gain   dications 1 A 5,
caracterise en ce quo le dispositif providing a signal level belowthe
thermal noise       de traitement A spectre etale dans la station floor
when  standard  (nonspread  spectrum)       50   central. (14) comporte un
dispositif (212, 213, 16) satellite modulation techniques are used.
pour traiter des donn6es pour des stations recep- 19. A receiving station
according to claim.16,17     trices particulieres (4) avec un code
d'6talement or 18, characterised in that the spread spectrum       unique
pour ces stations. processing means includes means (124) storing a
7. Systeme selon l'une quelconque des reven- local reference code for
comparison to signals    56   dications 1 A 6, caract6ris6 en. ce que.
ledit received for recovering data sent to the receiving    dispositif de
traitement de spectre dans la station station.
centrale (14) traite des donnees pour des stations 20. A receiving station
according to any of        receptrices particulieres (4) avec un code
d'6tale- claims 15 to 18, characterised in that the spread     ment ayant
une longueur coh6rente avec. Ia spectrum processing means includes means
(126,    60   sensibilite de la station la moins sensible parmi 124A,:
126A, 49A, 103) for synchronizing the           les stations receptrices
particulieres. processing means to the received signals.                8.
Systeme selon l'une quelconque des raven- 65  
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caracterise en ce que la station      17. Station receptrice selon la
revendication 16, centrale (14) emet des messages en format-de
caracteris6e en ce quo le dispositif de detection division temporelle.
(30, 239) comporte en outre un dispositif (68, 190) 9. Systeme selon l'une
quelconque des reven-       pour convertir le format du message en une
dications 1 A 8, caract6rise en ce quo les donnees  5    forme qui convient
pour un utilisateur. traitees par chaque code d'6talement unique
18. Station receptrice selon la revendication 15
occupentl'intervalledetempsdisponiblesuivant.        ou 17, caracterisee en
ce quo I'antenne (5) a un 10. Systbme selon l'une quelconque des reven-
gain produisant un niveau du signal inferieur au dications 1 A 9,
comprenant en outre plusieurs       minimum de bruit thermique lorsque des
techni- stations terrestres emettrices (4A) avec des anten-    to   ques de
modulation standard de satellite (spectre nes (21) pour 6mettre des
messages vers le           non 6tal6) sont utilis6es. satellite (3) afin de
les relayer vers la station      19. Station r6ceptrice selon la
revendication 16, terrestre centrale (14) qui retransmet les mes-      17
ou 18, caract6risee en ce que le dispositif de sages vers le satellite pour
les. relayer vers les   traitement de spectre 6ta16 comporte un dispositif
stations terrestres receptrices (4), caract6rise en    15   (124) qui
memorise un code de reference local ce quo chaque station terrestre
emettrice (4A)       pour la comparaison avec des signaux recus afin
applique egalement un traitement de spectre          de restituer des
donnees emises vers la station 6tai6 caract6ristique A ces messages 6emis,
et la    r6ceptrice. station terrestre centrale (14) applique un traite-
20. Station receptrice selon l'une quelconque ment de spectre etal6
correspondant aux mes-    20   des revendications 15 a 18, caracteris~eeen
ce quo sages recus pour detecter et retransmettre seule-    le dispositif
de traitement de spectre etale com- ment des messages avec le traitement de
spectre      porte un dispositif (126, 124A, 126A, 49A, 103) 6tale
correspondant.                                 pour synchroniser Is
dispositif de traitement avec 11. Systbme selon la revendication 10, carac-
les signaux regus. terise en ce que la station centrale (14) regoit   25
d'autres donn6es provenant de sources terrestres     Patentanspruche pour
la transmission vers le satellite (3), leur applique le traitement de
spectre 6tale et emet les    1. Erd-Satelliten-Fernmeldesystem  mit einer
donnees supplementaires traitees.                    Vielizahl von
weitergebenden  geostationaren 12. Systeme selon la revendication 10 ou 11,
30   Satelliten mit vorbestimmten minimalen Bahn- caracterise en ce quo les
stations emettrices (4A)   abstand und mit einem geostationaren Satelliten
emettent sur des frequences differentes de celles    (3), wobei die
Nachrichten zum Satelliten Ober- de la station centrale (14).
tragen werden, um dann zu einer Vielzahl von mit 13. Systeme selon l'une
quelconque des reven-      Antennen  (5)  ausgestatteten  Erdempfangs-
dications 10 a 12, caracterise en ce quo les    35   stationen (4)
weitergeleitet zu werden und die stations 6mettrices. (4A) emettent en un
format de   Obertragungen    unter   Verwendung    der multiplexage en
division de code et la station       Streuspektrumverarbeitung  erfolgen,
dadurch centrale (14) emet dans un format de multi-
gekennzeichnot, daB die Strahlbreite der Anton- plexage en division
temporelle.                      non (5) groBer als der minimale
Bahnabstand ist 14. Systeme selon l'une quelconque des reven-    40    und
daB eins Erd-Zentralstation (14) die Nach- dications 10 a 13, caracterise
en ce qu'au moins     richten    mit    einer    charakeristischen une
paire de stations 6mettrices et r6ceptrices      Streuspektrumverarbeitung
an  den Satelliten (4A, 4) sont situ6es au meme lieu g6ographique.
weiterleitet, sodalB jede Erdempfangsstation (4), 15. Systeme selon la
revendication 14, carac-      welche entsprechende Streuspektrumverfahren
terise en ce que chaque station emettrice (4A)    45    bei empfangenen
Nachrichten einsetzt, nur Nach- comporte un code d'6talement unique ou une
richten mit der charakteristischen Streuspektrum- paire de codes.
verarbeitung erfa~t und von anderen Satelliten 16. Station r6ceptrice
terrestre destinee a etre   empfangene Nachrichten ignoriert. utilisee dans
un systeme de t6l6communications         2. System nach Anspruch 1, dadurch
gekenn- par satellites terrestres utilisant l'un do plusieurs   50
zeichnet, daB jode Erdempfangsstation (4) eine satellites rep6teurs
geostationnaires ayant un       Anordnung (68, 190) zur Umsetzung des For-
ecartement orbital minimal predetermine et dans      mates der empfangenen
Nachricht in eine fur den lequel des messages emis vers le satellite par
urie  Benutzer passende Form aufweist. station terrestre 6mettrice
utilisant un traitement    3. System nach Anspruch 1 oder 2, dadurch de
spectre etale sont relayes vers la station    c5   gekennzeichnet, daB jede
Antenne eine Ver- terrestre receptrice (4) qui comporte un antenne
starkung aufweist, welche einen Signalpegel (5) at un dispositif (30, 239)
pour detecter les     liefert, der unter der thermischen Rauschgrenze
messages en spectre 6tale, caracteris6e en ce quo    des Empfangers liegt,
wenn  herk6mmliche I'antenne (5) a une largeur de faisceau superieure
(Nicht-Streuspektrum-)   Satellitenmodulations- audit ecartement orbital
minimal it que le dis-    60   verfahren eingesetzt werden. positif de
detection (30, 239) applique un traite-     4. System nach Anspruch 1, 2
oder 3, dadurch ment de spectre etale pr6determine de maniere a
gekennzeichnet,  daB   die  Streuspektrum- ne detecter que des messages
emis avec ce            verarbeitungsschaltung  in  den   Empfangs-
traitement par ledit satellite et pour negliger des  stationen eine
Anordnung (124) zur Speicherung messages regus d'autres satellites.
6    s eines  ortlichen  Bezugskodes, welcher  mit 19  
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verglichen wird .aufweist,      13. System' nach Anspruch 10, 11 oder 12,
damit an die Empfangsstation gesendete Daten       dadurch gekennzeichnet,
daB die Sendestationen wiedererhalten werden konnen.
(4A) in einer Kode-Zeitmultiplex-Form  senden, 5. System nach Anspruch 4,
dadurch gekenn-       wihfrend die Zentralstation in Zeitmultiplex-Form
zeichnet,    dag    die    Streuspektrum-     5   sendet.'
verarbeitungsschaltung dine Anordnung (126,          14. System' nach einem
der Anspruche 10 bis 124A, 126A, 49A, 103) zum Synchronisieren der      13,
dadurch gekennzeichnet, daB mindestens sin Verarbeitungsschaltung mit den
empfangenen         Pear von Sende- und Empfangsstationen (4A, 4) Signalen
aufweist.                                 am  selben geographischen Ort
untergebracht 6. System nach einem der Anspriche 1 bis 5,    70  sind.
dadurch gekennzeichnet, daB die Streuspektrum-       15. System riach
Anspruch 14, dadurch gekenn- verarbeitungsschaltung in'der Zentralstation
(14)  zeichnet, dal3 jede Sendestation  (4A) einen eine Anordnung (212,
213, 16) zur Verarbeitung     einheitlichen Streukode oder ein Kodepaar au-
von Daten fur bestimmte Empfangsstationenr (4)     fweist. mit einem
gerneinsamen Streukode fOr diese    75    16. Erdempfangsstation fOr die
Verwendung in Stationen aufweiSt.                                einem
Erde/Satellit-Fernmeldesystem, welches 7. System nach einem der Anspruche 1
bis 6,      einen  Satelliten  aus einem  Mehrzahl geo- dadurch
gekennzeichnet,    daB     die          stationirer Satelliten mit
vorbestimmten mini- Spektrumverarbeitungsschaltufg in der Zentral-
malin Bahnabstand einsetzt, wobei Nachrichten station (14) Daten fur
bestimmte Empfangs-    20.  von  einer  sendenden  Erdstation,  welche
stationen (4) mit einem- Streukode verarbeitet,
Streuspektrumverarbeitung  einsetzt, an, den weicher der Empfindlichkeit
jener Station unter'   Satelliten gesendet werden und danach an die den
bestimmten Empfangsstationen angspa~t          Erdempfangsstation (4), die
sine Antenne (5) und ist, die die geringste Empfindlichkeit aufweist.
sine Anordnung (30, 239) zur Erfassung der 8. System nach einem der
Anspruche 1 bis 7,    25   Streus'pektrumr-Nachrichten  aufweist,  weiter-
dadurch gekennzeichnet, daB die Zentraistation     geleitet werden, dadurch
gekennzeichnet, dag die (14) Nachrichten in einem Zeitmultiplex-Format
Strahlbreite der Antenne (5) groler als der mini- ubertragt.
"                       male Bahnabstand ist und daB die Erfassungs- 9.
System nach einem der Anspruche 1 bis 8,      schaltung  (30,  239)  eine
vorbestimmte dadurch gekennzeichnet, daB die von jedem     30
Streuspektrumverarbeitung  anwendet, sodaB gemeinsamen Streukode
verarbeiteten Daten den     lediglich Nachrichten erfalt werden, die mit
einer nachsten verfugbaren Zeitschlitz belegen.          solchen
Verarbeitung uber den einen Satelliten 10. System nach einem der Anspruche
1 bis 9;     gesendet wurden, wobei von anderen Satelliten mit einer
Vieizahl von Erdsendestationen (4A),     empfangene Nachrichten ignoriert
werden. welche Antennen(21) zur Ubertragung von Nach-    35    17.
Empfangsstation nach Anspruch 16, da- richten an den Satelliten 31) zum
Zwecke des       durch gekennzeichnet, daB  die Erfassungs- Weitersendens
an die Erdzentralstation (14) au-    schaltung (30, 239) weiters eine
Anordnung (68, fweisen, wobei die Erdzentralstation die Nach-     190) zur
Umwandlung des Formates der Nach- richten an den Satelliten'zurucksendet,
damit     richt in eine fr einer Benutzer passende Form dieser die
Nachrichten an die Erdempfangs-    40  aufweist. stationen  (4)
weiterleitet,  dadurch  gekenn-      18. Empfangsstation nach Anspruch 15
oder 17, zeichnet, daB jede Erdsendestation (4A) ihren      dadurch
gekennzeichnet, daR die Antenne (5) eine ubertragenen Nachrichten auch eine
charak-         Verstarkung aufweist, welche einen Signalpegel teristische
Streuspektrumverarbeitung auferlegt    bewirkt, der unter der thermischen
Rauschgrenze und  daB  die  Erdzentralstation  (14)  die    45   des
Empffingers liegt, wenn  herko'mmliche empfangene Nachricht diner
entsprechenden          (Nicht-Streuspektrum)   Sattelitenmodulations-
Streuspektrumverarbeitung unterzieht, um ledig-   verfahren eingesetzt
werden. lich  Nachrichten  mit der  entsprechenden          19.
Empfangsstation nach einem  der An- Streuspecktrumbearbeitung  zu  erfassen
und      spruche 16, 17 oder 18, dadurch gekennzeichnet, zuruckzusenden.
50  da' die Streuspektrumverarbeitungsschaltung 11. System nach Anspruch
10, dadurch gekenn-     sine Anordnung (124) zur Speicherung dines
zeichnet, daB die Zentralstation (14) zusatzliche  ortlichen Bezugskodes
aufweist, welcher mit den Daten von irdischen Queflen empfangt, urn sie an
empfangenen Signalen verglichen wird, damit an den Satelliten (3) zu
ubertragen, wobei er diese  die Empfangsstation gesendete Daten wieder-
Daten einer Streuspektrumverarbeitung unter-    55  gewonnen werden konnen.
zieht und die so bearbeiteten zusatzlichen Daten    20. Empfangsstation
nach einem  der An- ubertraagt.  '                - .     '
sprOche 15 bis 18, dadurch gekennzeichnet, daB 12. System nach Anspruch 10
oder-11, dadurch     die Streuspektrurmverarbeitungsscialtung  eine
gekennzeichnet, dal die Sendestationen (4A) auf   Anordnung (126, 124A,
i26A,: 49A, 103) zum von der Frequenz der Zentralstation (14) unter-   60
Synchronisieren der Verarbeitungsschaltung mit schiedlichen Frequenzen
senden.                   den empfangenen' Signalen aufweist. 65    


