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conjunction with the drawings in which: Fig. I is a generalized block
diagram illustration FIELD OF THE INVENTION
of a satellite communications system constructed and operative in
accordance with a preferred em- The present Invention relates to a
satellite com-   5  bodiment of the present invention; munication system of
the kind referred to in the pre-  Fig. 2 is a generalized block diagram of
a remote amble portion of patent claim 1. Such a system is for  satellite
communications terminal useful in the example known from GB-A-2 134 755.
system of Fig. 1; Fig. 3 is a generalized block diagram of a central
BACKGROUND OF THE INVENTION                   10       satellite
communications terminal useful in the system of Fig. 1; With the
significant increase in the use of con-   Fig. 4 isa generalized block
diagram of partofthe sumercredit and otherfinancial facilities, the need
for  circuitry of the terminal of Fig. 2; quick, reliable and low-cost
verification of creditwor-  Fig. 5A is a generalized block diagram of
another thiness has gained in importance. Currently credit  15  part of the
circuitry of the terminal of Fig. 2 con- verification facilities are based
on land-based tele-  structed and operative in accordance with one phone
lines and involve a cost of approximately ten    embodiment of the
invention; cents per transaction.                                 Fig. 5B
is a generalized block diagram of another From GB-A-2 134 755 is known a
satellite com-     part of the circuitry of the terminal of Fig. 2 con-
munication system comprising a central satellite com-  20  structed and
operative In accordance with an- munication terminal and a multiplicity of
remote sat-  other embodiment of the Invention; ellite communication
terminals which communicate       Fig. 6A is a generalized block diagram of
yet an- via a satellite, apparatus associated with each of the  other part
of the circuitry of the terminal of Fig. 2 multiplicity of remote satellite
communication termi-  constructed and operative in accordance with nals for
transmitting a burst of information within a   25  one embodiment of the
invention; time slot and having a characteristic which is indepen-  Fig. 6B
is a generalized block diagram of yet an- dent of the time slot and
receiving apparatus associ-  other part of the circuitry of the terminal of
Fig. 2 ated with the central satellite communication terminal  constructed
and operative in accordance with an- for acquiring the characteristic
during each time slot  other embodiment of the invention; and receiving the
burst according to the time slot and   30  Fig. 7A is a generalized block
diagram of part of according to the characteristic, whereby multiple
the circuitry of the terminal of Fig. 3 constructed transmissions may occur
concurrently within a given    and operative In accordance with one embodi-
frequency bandwidth.                                   ment of the
Invention; Electrical Communication, vol. 62, No. 1, 29th     Fig. 7B is a
generalized block diagram of part of July 1988, pages 35-41, A. Beaucent et
al. Microsta-  35  the circuitry of the terminal of Fig. 3 constructed tion
System for Corporate Data Networks" discloses     and operative in
accordance with another em- a satellite communication network using a CDMA
bodiment of the invention; (code division multiple access) or SSMA (spread
Fig. 8 is a generalized block diagram of still an- spectrum multiple
access) in combination with other    other part of the circuitry of the
terminal of Fig. 3; protocols  such  as  the  ALOHA  to  form   40
Fig. 9 is a generalized block diagram of yet an- CDMA/FTSS/ALOHA or
RMA/FTSS/ALOHA.                     other part of the circuitry of the
terminal of Fig. 3; Fig. 10 is a generalized block diagram of part of
SUMMARY OF THE INVENTION                               the circuitry of
Figs. 5A and 5B; Fig. 11 is a generalized block diagram of another The
present invention seeks to provide a low   45  part of the circuitry of
Fig. 5A; cost, quick, reliable two-way point to multipoint satel-  Fig. 12
is a generalized block diagram of another lite communications system which
is particularly suit-  part of the circuitry of Fig. 5B; able for handling
intermittent high density bursts of  Fig. 13A is a generalized block
diagram of part of communications.
the circuitry of Fig. 8 constructed and operative This object is
accomplished with a satellite com-  so  in accordance with one embodiment
of the inven- munication system according to claim 1.               tion;
Dependent claims are directed on features of pre-  Fig. 13B is a
generalized block diagram of part of ferred embodiments of the invention.
the circuitry of Fig. 8 constructed and operative in accordance with
another embodiment of the in- BRIEF DESCRIPTION OF THE DRAWINGS
55       vention; Fig. 14 illustrates (not to scale) a plurality of time
The present invention will be understood more      slots; fully from the
following detailed description, taken In  Fig. 15 illustrates in
enlargement but also not to 2    



3                   EP043686 B1                     4 scale, a portion of a
time slot including a multipli-  tion 20 is full duplex wherein bursts of
information are city of transmission windows;                   sent by the
remote stations 10 on a random access Fig. 16 illustrates that multiple
users may trans-  basis, such as slotted Aloha, to the central communi- mit
within the same time slot without interference  cation station 20. It Is a
particular feature of the pres- therebetween;
5   ent invention that a very large number of remote sta- Fig. 17
illustrates conversion of the pulsed RF  tions 10 can communicate with the
central communi- transmission of Fig. 15 to a constant envelope  cation
station 20 on a random access basis without amplitude transmission through
the use of a     unacceptable interference. Such interference would Chirp
filter;                                   normally arise due to the fact
that a plurality of remote Fig. 18 illustrates the signal which results
from   10  stations 10 may transmit within the same time slot passing the
modulated signal of Fig. 17 through  over the same frequency band. a
matched filter and envelope detector;            According to the present
Invention, such interfer- Fig. 19 shows the frequency spectrum of the
ence is greatly reduced by allowing each remote sta- Chirp modulated
transmitted signal;            tion to select an additional recognizable
transmission Fig. 20 illustrates the frequency spectrum of a   15
characteristic, such as the center frequency of the single DPSK modulated
transmitted signal within  carrier, or alternatively the phase of the
transmission the same frequency bandwidth as In Fig. 19;     windows within
a time slot. The central station is able Fig. 21 illustrates the presence
of multiple DPSK  to recognize this additional characteristic by simple
modulated transmitted signals within the same   searching and without
requiring synchronization. By frequency bandwidth as In Figs. 19 and 20;
and   20  recognizing the additional characteristic, the central Fig. 22
illustrates the transmitted signal of Fig. 20  station effectively
distinguishes between multiple in the time domain.
transmissions arriving within the same time slot, thus creating additional
effective channels for receiving DETAILED DESCRIPTION OF PREFERRED
transmissions. EMBODIMENTS                                   25
Reference is now made to Fig. 2, which illus- trates, in generalized block
diagram form, a remote Reference is now made to Fig. 1, which illustrates
satellite communications terminal useful in the sys- a satellite
communications system constructed and  tem of Fig. 1. The remote satellite
communications operative in accordance with a preferred embodiment
terminal is coupled to antenna 14 via an ortho mode of the present
invention and which is particularly suit-  30  polarizer 28, such as model
1810801 manufactured able for transmission of bursts of Information
contain-  by Antennas For Communications Inc. of Ocala, Flor- ing data
concerning individual financial transactions.  ida, U.S.A. and typically
includes a low noise block In accordance with a preferred embodiment of
(LNB) converter 30, such as, for example, a Phase the invention, there are
provided a multiplicity of re-  Lock Loop Low Noise Block Converter NHZ-170
man- mote satellite communications stations 10, each of  35  ufactured by
Japan Radio Company of Tokyo, Japan, which may be coupled to a
corresponding user inter-  or alternatively an Ordinary Low Noise Block
Conver- face 12, such as a credit verification unit of the type  ter
NOR-6401, commercially available from Norsat of commercially used in retail
outlets, or alternatively,  Canada. Converter 30 deals with received
signals an IBM PC computer, which may be located at a retail  from the
antenna 14. outlet, for example. Each of the remote satellite com-  40
Signals to be transmitted via the antenna 14 are munications stations 10
typically comprises a very  supplied via polarizer 28 by a DRO-based
Up-Con- small aperture antenna 14, typically of diameter of  verter 32,
which will be described hereinbelow in less than about four feet and a
communications ter-  greater detail with reference to Fig. 4. minal 16.
Received signals from LNB converter 30 are sup- According to a preferred
embodiment of the in-  45  plied to a demodulator 34, which will be
described vention, the communications terminal 16 comprises  hereinbelow in
greater detail with reference to Figs. apparatus fortransmitting a burstof
information with-  6A and 6B. The output of demodulator 34 is supplied in a
time slot and having a characteristic which is In-  to network control
logic circuitry 36, which is typically dependent of the time slot and which
does notrequire  based on an Intel SBC 188156 chip. pre-synchronization
with a receiving terminal.  50     The network control logic circuitry
interfaces Each of the multiplicity of remote stations 10  with a User
Processor 38, such as an IBM PC com- communicates via a satellite 18 with a
central commu-  puter. Data and control signals to be transmitted are
nication station 20 (Hub Site), which may, for exam-  supplied from the
network control logic circuitry 36 to ple, be coupled to a bank's or credit
card company's  a modulator 40, which is described hereinbelow in central
creditverification computervia a conventional  55   greater detail with
reference to Figs. 5Aand 5B. Mod- interface (not shown).
ulator40, in response to the control signals, transmits Preferably the mode
of communication from the  the data to the converter 32. remote stations 10
to the central communication sta-   Network control logic circuitry 36
performs two 3    



5                   EP0436866B1                    6 principal functions:
as an MC 5808 available from NEC of Japan, also Firstly, it initiates
transmission of data to the cen-  supplies an input to the mixer 74,
producing a Ku- tral satellite communication terminal, awaits an ac-  Band
output which Is supplied via a series of Ku-Band knowledge signal therefrom
and in the absence of   amplifiers  78, typically including MC-5864 and MC-
such an acknowledge signal, retransmits the data in   5   5865 amplifiers
available from NEC of Japan. The a later time slot. It may pseudorandomly
or determin-  amplified output of amplifiers 78 is supplied to polar-
istically select an appropriate later time slot for trans-  izer 28 (Fig.
1). mission.                                              Reference is now
made to Fig. 5A, which illus- Secondly, itrandomlyorpseudorandomlyselects
trates one preferred embodiment of modulator 40 an additional recognizable
transmission characteris-  10  (Fig. 2). The modulator of Fig. 5A
incorporates a tic, such as the center frequency of the carrier, or al-
DPSK modulator 80, which will be described herein- ternatively the phase of
the transmission windows  below in greater detail with reference to Fig.
11. The within a time slot                                 output of
modulator 80 is up converted to L-Band, in Reference is now made to Figs. 3
and 9, which il-  the range of about 950 - 1450 MHz, by a mixer 82,
lustrate, in generalized block diagram form, a central  15  such as a
ZFM-2000 available from Mini Circuits and satellite communication terminal
20 useful in the sys-  a synthesizer 84, which operates at a selected fre-
tern of Fig. 1. Received signals from an antenna 50,  quency in the range
of about 1429.5- 1929.5 MHZ in such as a 6.1 KPK manufactured byVertex of
Kilgore,  response to frequency control signals received from Texas,
U.S.A., are supplied via a low noise amplifier  network logic circuitry 36.
Synthesizer 84 will be de- 52 (not shown in Fig. 3), such as a NC4
manufactured   20  scribed in greaterdetail hereinbelowwith reference to by
LNR Communications, Inc. of Hauppauge, New      Fig. 10. York U.S.A, to a
down converter 54, such as a DC      Reference is now made to Fig. 5B,
which illus- 4020 manufactured by Satellite Transmission Sys-   trates
another preferred embodiment of modulator 40 tems, Inc. of Hauppauge New
York, U.S.A.           (Fig. 2). The modulator of Fig. 5B incorporates a
Chirp Signals to be transmitted are supplied via an up   25  generator 90,
which will be described hereinbelow in converter 56, such as a DC 6020
manufactured by    greater detail with reference to Fig. 12. The output of
Satellite Transmission Systems, Inc., to a high power  generator 90 is up
converted to L-Band, in the range amplifier (HPA) 58, which is commercially
available  of about 950 - 1450 MHz, by a mixer 92, such as a from Varian of
the U.S.A, to antenna 50. The up con-  ZFM-2000 available from Mini
Circuits and a synthes- verter 56 receives an input from a modulator60
which  30  izer 94, which operates at a selected frequency in the will be
described in greater detail hereinbelow with re-  range of about 1429.5 -
1929.5 MHZ in response to spect to Figs. 7A and 7B.
frequency control signals received from network log- Network Control
Processor and Acknowledge      ic circuitry 36. Synthesizer 94 may be
identical to syn- Logic circuitry 62 controls operation of the modulator
thesizer 84. 60 and of a plurality of receivers 64 and receives data  35
Reference is now made to Fig. 6A, which illus- from the plurality of
receivers 64. Circuitry 62 is re-  trates one embodiment of a demodulator
34 (Fig. 2). sponsible for transmission of instructions and data  The
demodulator illustrated in Fig. 6A comprises a from a host computer 66 to
the modulator and from  synthesized converter 100, such as a TIF-9
available the receivers 64 to the host computer 66. Generally  from Mitsumi
of Japan, which receives an L-Band sig- speaking, the function of circuitry
62 is to recognize   40  nal and converts it to a signal having typical
center incoming data bursts received from remote satellite  frequency of
479.5 MHz. A second converter 102, communication terminals 10 (Fig. 1) and
to provide  such as a SID-9 from Mitsumi converts the 479.5MHz acknowledge
messages for transmission to the re-   signal to a 70 MHz signal and
supplies it to a PSK re- mote terminals 10 in response to the received
bursts.  ceiver 104, such as an LM 46 available from M/A- The circuitry 62
and receivers 64 will be descr-  45  Com/Linkabit of the U.S A. The
received data output bed in greater detail hereinbelow with reference to
from PSK receiver 104 is supplied to network control Fig. 8.
logic 36. Reference is now made to Fig. 4, which illustrates  Reference is
now made to Fig. 6B, which illus- the structure of the DRO-Based
Up-Converter circui-  trates another embodiment of a demodulator 34 (Fig.
try 32 (Fig. 2). An L-Band signal, in the frequency   50  2). The
demodulator illustrated in Fig. 6B comprises range of about 950 -1450 MHz
is supplied to a series  a synthesized converter 110, such as a TIF-9
avail- of L-Band amplifiers 70, such as MAR2 amplifiers,  able from Mitsumi
of Japan, which receives an L- manufactured by Mini Circuits of Brooklyn,
New York.  Band signal and converts it to a signal having a typical The
output of amplifiers 70 is supplied via a low pass  center frequency of
479.5 MHz. A second converter filter 72 of conventional construction to a
mixer 74,  55   112, such as a SID-9 from Mitsumi, converts the such as a
Ku-Band Mixer, for example, a MC-5807    479.5MHzsignal toa 70 MHzsignal
andsupplies itvia available from NEC of Japan.                       an
amplifier 114, such as a MAR-1 available from A dielectric resonator
oscillator (DRO) 76, such  Mini Circuits, to a Chirp compressor 116
preferably of 4    



7                   EP0436866B1                    8 a linear FM type,
commercially available from Sawtek  prises a convolutional encoder 210
commercially Inc. of the U.S.A.                                 available
from Comstream of San Diego, California, The output of the Chirp compressor
116 is sup-  which receives a remote data input. A temperature plied via an
amplifier 118, such as an MAR -1 avail-  compensated crystal oscillator
212, such as a ZT- able from Mini Circuits, to an RF detector 120, such   5
176, manufactured by Greenray, Inc. of the U.S.A. as a UTD-1000 available
from Avantek of the U.S.A..  provides a symbol clock output to encoder 210
and The output of RF detector 120 is supplied to a mixer  also provides,
via a divider 214, such as a 74HC4040 122, such as a SBL-1 from Mini
Circuits, which also  of Motorola, a data clock output. receives an input
from a voltage controlled oscillator  The output of encoder 210 is supplied
to a multi- 124, such as a M 83 of K & L Oscillator of the U.SA.  10
plexer 218, which receives inputs from a pair of one Oscillator 124
receives afrequency control inputfrom  shot circuits 216, which receive the
symbol clock out- via a loop filter 126, typically implemented as shown
put from oscillator 212. The multiplexer 218 outputs based on a 4741
operational amplifier 128, available  to a oneshotcircuit220, which outputs
to a mixer224, from Harris of the U.S.A. Circuitry 122,124,126 and  such as
a SBL 1 from Mini Circuits. The one shot cir- 128 implements
synchronization of a plurality of data  15  cults may typically be embodied
in Motorola transmission windows.                              MC74LS123
chips. The circuitry described hereina- Loop filter 126 receives an input
from the output  bove including elements 216, 218 and 220 produces of mixer
122, which is also supplied to integrate and  a digital PPM signal from the
output of the convolu- dump circuitry 130, which is also based on a Harris
tional encoder 210. 4741 operational amplifier chip. The output of circui-
20  Mixer 224 also receives a fixed frequency output try 130 Is supplied to
an A/D converter 132, such as  from a 479.5 MHz RF source 222, which may be
iden- an AD 7820 from Analog Devices of the U.S.A., which  tical to
frequency source 198, thereby to provide a outputs to a Viterbi decoder
134, commercially avail-  pulsed RF output to an expander Chirp Device 226,
able from Comstream of San Diego, California,      available from SAWTEK,
Inc. of Florida, U.S.A. U.S.A.. An output from oscillator 124 is supplied
to  25  Details of the structure of the central communi- elements 130, 132
and 134. The output of decoder   cations terminal 20 illustrated in Fig. 3
will now be de- 134 is supplied to network control logic circuitry 36
scribed with reference to Figs. 7A, 7B, 8, 13A and (Fig. 2).
13B. Reference is now made to Fig. 10, which illus-     Referring now to
Fig. 7A there is seen a PSK trates a synthesizer forming part of the
apparatus of  30   modulator, forming part of the circuitry of Fig. 3. The
Figs. 5Aand 5B. Thesynthesizercomprises avoltage   modulator comprises a
convolutional encoder 140 controlled oscillator 180, preferably operating
in the  commercially available from Comstream of San Die- range of 1429.5 -
1929.5 MHz. An example of such an  go, California, which receives a remote
data input. A oscillator is a VTO 8100, manufactured by Avatek of
temperature compensated crystal oscillator 142, the U.S.A. Oscillator 180
is locked to a selected fre-  35  such as a ZT-176, manufactured by
Greenray, Inc. of quency determined by a frequency control input to a  the
U.S.A. provides a symbol clock output to encoder PLL synthesizer 182, which
is based on a TA 6359   140 and also provides, via a divider 144, such as a
chip available from Toshiba.                      74HC4040 of Motorola, a
data clock output. Fig. 11 illustrates a DPSK modulator employed in   The
output of encoder 140 provides an output to the circuitry of Fig. 5A. The
modulator comprises a   40  a mixer 146, such as a ZAD-1 of Mini Circuits.
The convolutional encoder 190 commercially available   mixerreceives an
inputfrom a frequency source 148, from Comstream of San Diego, California,
which re-  which is available from RFM Monolithics Inc., typical- ceives a
remote data input. A temperature compen-  lyatafrequencyof70 MHzand
provides a PSKsignal sated crystal oscillator 192, such as a ZT-176, man-
output. ufactured by Greenray, Inc. of the U.S.A. provides a   45  Fig. 7B
Illustrates a Chirp modulator forming part symbol clock output to encoder
190 and also pro-   of thecircuitryof Fig. 3. TheChirpmodulatorcompris-
vides, via a divider 194, such as a 74HC4040 of Mo-  es a convolutional
encoder 150 commercially avail- torola, a data clock output.
able from Comstream of San Diego, California, which A flip flop 196
receives the output from encoder  receives a remote data input. A
temperature compen- 190 and the symbol clock output of oscillator 192 and
50  sated crystal oscillator 152, such as a ZT-176, man- provides a
differential signal output to a mixer 200,  ufactured by Greenray, Inc. of
the U.S.A. provides a such as a ZAD-1 of Mini Circuits. The mixer receives
symbol clock output to encoder 150 and also pro- an input from a frequency
source 198, which is avail-  vides, via a divider 154, such as a 74HC4040
of Mo- able from RFM Monolithics Inc., typically at a fre-  torola, a data
clock output. quencyof 479.5 MHzand provides a DPSK signal out-  55  The
output of encoder 150 is supplied to a multi- put.
plexer 158, which receives inputs from a pair of one Fig. 12 illustrates a
Chirp generator forming part  shot circuits 156, which receive the symbol
clock out- of the circuitry of Fig. 5B. The Chirp generator com-  put from
oscillator 152. The multiplexer 158 outputs 5    



9                   EP0436866B1                    10 to a one shot circuit
160, which outputs toa mixer 164,  are supplied to DSP circuitry248, which
also interfac- such as a SBL 1 from Mini Circuits. The one shot cir-  es
with control bus 173 (Fig. 8). The output of DSP cir- cuits may typically
be embodied in Motorola        cuitry 248 is supplied to a Viterbl Decoder
250, com- MC74LS123 chips. The circuitry described hereina-  mercially
available from Comstream, which outputs bove Including elements 156, 158,
and 160 produces   5   received data via an RS 232 driver. a digital PPM
signal from the output of the convolu-  Reference is now made to Fig. 1 3B,
which illus- tional encoder 150.                                trates a
Chirp receiver useful in the circuitry of Fig. 8. Mixer 164 also receives a
fixed frequency output  A70 MHz received signal is received via a band pass
from a 70 MHz IF source 162, which may be identical  filter 260, typically
having a pass band of 70 to frequency source 198, thereby to provide a
pulsed  10  plusiminus 5 MHz. The output of filter260 is supplied, RF
output to an expander Chirp Device 166, available  via an RF amplifier 262,
such as a MAR-1 from Mini from SAWTEK, Inc. of Florida, U.S.A.
Circuits, to a compressor Chirp device 264, commer- Reference is now made
to Fig. 8, which illustrates  daily available from SAWTEK. The pulsed RF
output network control circuitry 62 and receivers 64 which  of device 264
is supplied to an RF detector 268, such form part of the circuitry of Fig.
3. Apluralityof receiv-  15  as a UTD-1000 by Avantek, which outputs the
envel- ers 170, which are described hereinbelow in greater  ope of the
pulsed output via a flash analog to digital detail in connection with Figs.
13A and 13B, receive  converter 272, such as an AD9000 by Analog Devic- an
IF signal typically at 70 MHz from the down con-  es, to circuitry 273,
forming part of each receiver, verter64 (Fig. 3) and outputdatavia a
communication  which searches forthe location of the pulse envelope
controller 172 and a control bus 173 to a master CPU   20  within a timing
window. 174. Communication controller 172 is typically a SBS  Circuitry 273
typically comprises a FIFO circuit 188/56 board from Intel and the master
CPU may be  274, such as an IDT 7203 by IDT, digital signal proc- a SBC
286/12 board from Intel.                     essing circuitry 276, which
may be identical to DSP The master CPU 174 includes logic circuitry for
circuitry 248, a Viterbi decoder 278 which may be providing acknowledge
messages and is operative for  25  identical to decoder 250 and an RS 232
driver 280, interfacing with a Host Computer (not shown) for data  which
may be identical to driver 252. A temperature communication therewith.
compensated crystal oscillator268, such as a ZT-176 Reference is now made
to Fig. 13A, which illus-  from Greenray Inc. provides a timing output to
the trates one embodiment of a DPSK receiver useful in  flash A/D circuitry
272 and to circuitry 273 directly the invention. A70 MHz received signal is
received via  30  and via a ripple counter 270, such as an a band pass
filter 230, typically having a pass band  MC74HC40404 of Motorola. The
output of the ripple of 70 plus/minus 5 MHz. Theoutputoffilter230 is sup-
counter 270 provides a Chirp rate dock output. plied to a pair of mixers
232, such as SBL-1 from Mini  Reference is now made to Figs. 14 - 19 which
Circuits. Each mixer 232 receives an input from a  help to illustrate the
operation of the Chirp embodi- sine/cosine (0 - 90 degree) splitter 234,
such as a   35  ment of the Invention. PSCQ-2-90 by Mini Circuits.
A basic reference to Chirp waveforms in commu- Avoltage controlled
oscillator236 supplies a car-  nications applications is "Principles of
Modern Ra- rier frequency to the splitter 234. The output frequen-  dar,
Ed. J. L Eaves and E. K. Reedy, Van Nostrand cy of oscillator 236 is
determined by digital signal  Reinhold Company, NY, pp. 469-475, the
disclosure processing (DSP) circuitry 248 via a digital to analog   40  of
which is incorporated herein by reference. converter 238. Oscillator 236 is
typically a P-360-65  Fig. 14 illustrates (not to scale) a plurality of
time from Greenray Inc.; DSP circuitry 248 is typically em-  slots 300,
each having a typical duration of about 200 bodied in a MC56000 circuit
from Motorola and the  milliseconds. Fig. 15 illustrates in enlargement but
digital to analog converter 238 is typically a DAC 10  also not to scale, a
portion 302 of a time slot 300 in- HT by Burr-Brown.
45  eluding a multiplicity of transmission windows 304. The outputs of
mixers 232 are respective in     Each window 304 has a typical duration of
200 nano- phase and quadrature base band signals. Each of the  seconds. The
separation between transmission win- mixer232 outputs is supplied via a low
pass filter240,  dows 304 for a given user is typically 100 microsec- which
may be based on a Harris 4741 chip, to an ana-  ond. log to digital
converter 242, such as an ADC 7820   50  It is seen in Fig. 15 that pulsed
RF energy may be from Analog Devices, which receives a timing input
located in either the forward or the rearward position from a voltage
controlled crystal oscillator 244, such  of each time window 304. The
position of the pulsed as an M83 from K & L.
RF energy within the window contains the binary data The output voltage of
oscillator 244 is determined  carried by the signal. by the digital signal
processing circuitry 248 via a dig-  55  Reference is now made to Fig. 16,
which illus- ital to analog converter 246, which may be identical  trates
that multiple users may transmit within the to converter 238.
same time slot without Interference therebetween. The outputs of analog to
digital converters 242    Fig. 17 illustrates conversion of the pulsed RF 6



11                  EP 0 436 866 B1                 12 transmission of Fig.
15 to a constant envelope ampli-  21 illustrates the presence of multiple
DPSK modulat- tude transmission through the use of a Chirp filter.  ed
transmitted signals within the same frequency This conversion is necessary
because pulsed RF is   bandwidth as in Figs. 19 and 20. Fig. 22 illustrates
the not a suitable modulation technique for digital com-  transmitted
signal of Fig. 20 in the time domain. munication via satellite due to its
lack of a constant   5  It will be appreciated by persons skilled in the
art envelope.                                          that the present
invention is not limited by what has Fig. 18 illustrates the signal which
results from  been particularly shown and described hereinabove. passing
the modulated signal of Fig. 17 through a   Rather the scope of the present
invention is defined matched filter and envelope detector. It is noted that
only by the claims which follow: the arrangement of the information within
the trans-  10 mission window 304 in Fig. 18 is obtained by passing the
signals of Fig. 15 through matched filters and an  Claims envelope
detector, as is conventional in pulsed RF re- ceivers. It is appreciated
that passing the signals of  1. A satellite communication system
comprising: Fig. 15 through a transmitter Chirp filter and through   15  a
central satellite communication terminal (20); a receiver matched Chirp
filter does not change the    a multiplicity of remote satellite
communication arrangement of the result as illustrated in Fig. 18.
terminals (10) which communicate via a satellite Fig. 19 shows the
frequency spectrum of the         (18) on a random access basis; Chirp
modulated transmitted signal. A characteristic   means associated with each
of the multiplicity of of the linear FM Chirp signal is that its frequency
20  remote satellite communication terminals (10) for spectrum, illustrated
in Fig. 19, has a wide band char-  transmitting a burst of data to be
transmitted acteristic relative to the transmitted symbol rate of the
within a time slot and having a random or pseu- modulated signal. As a
result, the powerspectral den-  dorandom characteristic which is
independent of sity of the signal is significantly lower than that of a
the time slot and which does not require pre- conventional (BPSK, QPSK,
FSK, for example) nar-  25.  synchronization with a receiving terminal
(10); row band modulated signal.                             and The terms
"Chirp" and linear FM Chirp" as used      receiving means associated with
the central sat- throughout the present specification are intended to
ellite communication terminal (10) for acquiring include applications in
which the FM of the Chirp is   the characteristic during each time slot,
receiving only roughly linear.                           30      the burst
according to the time slot and according For the purposes of the present
specification, a    to the characteristic, and thereby obtaining the narrow
band modulated signal is defined as a signal,   data transmitted in said
burst, 80% of whose power occupies in the frequency do-       said random
access communication and the pro- main less than four times its symbol rate
in Hertz.    vision of said random or pseudorandom charac- Symbols are
defined as being the data, after coding   35  teristic enabling multiple
transmissions to occur if any, which is used to modulate the carrier.
concurrently within a given frequency bandwidth The transmitted power
spectral density must be      characterized in that limited in two
practical cases:                        said characteristic is a frequency
characteristic, 1. The power spectral density emitted from a sat-  ora
phase characteristic indicating the position of ellite transponder is
limited in order to prevent a   40  transmission windows within a given
time slot. situation where a satellite terminal pointed to an adjacent
satellite will receive interference from  2. A system according to claim 1
and wherein said the transponder. Here, for example, the FCC lim-
characteristic is also independent of time syn- Its the power spectral
density emitted from Ku      chronization with the central satellite
communi- band satellites for data applications to 6 dbW/4  45  cation
terminal (20). Khz. 2. The off-beam power spectral density emitted  3. A
system according to claim 1 and wherein said from an antenna which
transmits to a satellite is   central and remote satellite communication
ter- limited in order to prevent interference to an ad-  minals (10) employ
matched Chirp filters to en- jacent satellite. Here, for example, the FCC
limits  50  able transmission to be effected within a gener- the off-beam
emission of an antenna transmitting    ally constant amplitude envelope,
which is partic- to a Ku band satellite to -14 +29 - 25log(theta)    ularly
suitable for satellite transmissions. equals 15 - 251og(theta) dbW/ 4 Khz.
Reference is now made to Figs. 20 - 22 which    4. A system according to
claim 1 and wherein said help to illustrate the Differential PSK embodiment
of  55  remote satellite communications terminals (10) the invention. Fig.
20 illustrates the frequency spec-  employ frequency unstable oscillators.
trum of a single DPSK modulated transmitted signal within the same
frequency bandwith as in Fig. 19. Fig. 7    
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15 to a constant envelope ampli-  21 illustrates the presence of multiple
DPSK modulat- tude transmission through the use of a Chirp filter.  ed
transmitted signals within the same frequency This conversion is necessary
because pulsed RF is  bandwidth as in Figs. 19 and 20. Fig. 22 illustrates
the not a suitable modulation technique for digital com-  transmitted
signal of Fig. 20 in the time domain. munication via satellite due to its
lack of a constant   5  It will be appreciated by persons skilled in the
art envelope.                                          that the present
invention is not limited by what has Fig. 18 illustrates the signal which
results from  been particularly shown and described hereinabove. passing
the modulated signal of Fig. 17 through a  Rather the scope of the present
invention is defined matched filter and envelope detector. It is noted that
only by the claims which follow: the arrangement of the information within
the trans-  l0 mission window 304 in Fig. 18 is obtained by passing the
signals of Fig. 15 through matched filters and an  Claims envelope
detector, as is conventional in pulsed RF re- ceivers. It is appreciated
that passing the signals of  1. A satellite communication system
comprising: Fig. 15 through a transmitter Chirp filter and through   15  a
central satellite communication terminal (20); a receiver matched Chirp
filter does not change the    a multiplicity of remote satellite
communication arrangement of the result as illustrated In Fig. 18.
terminals (10) which communicate via a satellite Fig. 19 shows the
frequency spectrum of the        (18) on a random access basis; Chirp
modulated transmitted signal. A characteristic   means associated with each
of the multiplicity of of the linear FM Chirp signal is that its frequency
20  remote satellite communication terminals (10) for spectrum, illustrated
in Fig. 19, has a wide band char-  transmitting a burst of data to be
transmitted acteristic relative to the transmitted symbol rate of the
within a time slot and having a random or pseu- modulated signal. As a
result, the powerspectral den-  dorandom characteristic which is
independent of sity of the signal is significantly lower than that of a
the time slot and which does not require pre- conventional (BPSK, QPSK,
FSK, for example) nar-  25   synchronization with a receiving terminal
(10); row band modulated signal.                             and The terms
"Chirp and "linear FM Chirp" as used       receiving means associated with
the central sat- throughout the present specification are Intended to
ellit communication terminal (10) for acquiring include applications in
which the FM of the Chirp is  the characteristic during each time slot,
receiving only roughly linear.                          30      the burst
according to the time slot and according For the purposes of the present
specification, a   to the characteristic, and thereby obtaining the narrow
band modulated signal Is defined as a signal,   data transmitted in said
burst 80% of whose power occupies in the frequency do-       said random
access communication and the pro- main less than four times its symbol rate
in Hertz.    vision of said random or pseudorandom charac- Symbols are
defined as being the data, after coding   35  teristic enabling multiple
transmissions to occur if any, which is used to modulate the carrier.
concurrently within a given frequency bandwidth The transmitted power
spectral density must be     characterized in that limited in two practical
cases:                       said characteristic is a frequency
characteristic, 1. The power spectral density emitted from a sat-  ora
phase characteristic indicating the position of ellite transponder is
limited in order to prevent a   40  transmission windows within a given
time slot. situation where a satellite terminal pointed to an adjacent
satellite will receive interference from  2. A system according to claim 1
and wherein said the transponder. Here, forexample, the FCC lim-
characteristic is also Independent of time syn- its the power spectral
density emitted from Ku     chronization with the central satellite
communi- band satellites for data applications to 6 dbW/4  45  cation
terminal (20). Khz. 2. The off-beam power spectral density emitted  3. A
system according to claim 1 and wherein said from an antenna which
transmits to a satellite Is  central and remote satellite communication
ter- limited in order to prevent Interference to an ad-  minals (10) employ
matched Chirp filters to en- jacent satellite. Here, for example, the FCC
limits  50  able transmission to be effected within a gener- the off-beam
emission of an antenna transmitting   ally constant amplitude envelope,
which is partic- to a Ku band satellite to -14 +29 - 251og(theta)   ularly
suitable for satellite transmissions. equals 15 - 251og(theta) dbW/ 4 Khz.
Reference is now made to Figs. 20 - 22 which    4. A system according to
claim 1 and wherein said help to illustrate the Differential PSK embodiment
of  55  remote satellite communications terminals (10) the invention. Fig.
20 illustrates the frequency spec-  employ frequency unstable oscillators.
trum of a single DPSK modulated transmitted signal within the same
frequency bandwith as in Fig. 19. Fig. 7 *   C  L   M   S   *   
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un terminal central de communication par satellite (20); 1.
Satellitenkommunikationssystem mit:                      une multiplicitH
de terminaux a distance de elnem  zentralon Satellitenkommunikationszu-
communication par satellite (10) qui communi- gang (20),
5       quentvia un satellite (8) surune base acces al6a- mehreren entfernt
gelegenen Satellitenkommu-       toire; nikatlonszugangen (10), die Ober
einen Satellit          un moyen associe A chacun de la multipli- (18) auf
der Grundlage wahifrelen Zugriffs kom-    citi de terminaux A distance de
communication munizieren;                                        par
satellite (10) pour transmettre une salve de einer Einrichtung, die jeden
der entfernt gelege-  10  donnees qul dolt etre tranamise dans un Interval-
non SatellitenkommunikationszugAngen (10) zu-      le temporel et
presentant une caracteristique geordnet ist, zum Obertragen sines zu
ibertra-     aleatoire ou pseudo-al6atoire qui est indhpen- genden
Datenpakets Innerhalb eines Zeitfen-        dante de l'intervalle temporel
et qui ne n6cessite sters mit zufilliger oder pseudozufalliger Kennli-  pas
une pre-synchronisation avec un terminal de nie, die unabhangig von einem
Zeitfenster ist und   15  reception (50) ; et die keine
Vorabsynchronisation mit elnem emp-            un moyen de reception
associe au termi- fangenden Zugang (10) ben6tgt, und                 nal
central de communication par satellite (20) einer Empfangseinrlchtung, die
dem zentralen       pour acquerir la caractiristique pendant chaque
Satollitenkommunikationszugang (10) zugeord-       intervalle temporal, en
recevant la salve confor- net lst, zum Ermitteln der Kennlinle in jedem
Zeit-  20  mement A lintbrvalle temporal et conform6ment fenster, zum
Empfangen des Pakets entspre-         A la caractiristique et en obtenant
ainsi les don- chend dem Zeitfenster und enteprechend der         nees
transmises selon ladite salve; Kennlinie, um dadurch die in diesem Paket
Ober-         ladite communication par acces aleatoire tragenen Daten zu
erhalton,                        et la fourniture de ladite caracteristique
aleatoire wobei die Kommunikatlon mit wahifreiem Zugriff  25  OU
pseudo-al6atoire permettant la realisation und das Vorsehen der zufliligen
oder pseudozu-     concurrente de multiples transmissions dans une filligen
Kennlinie das Vornehmen mehrerer          largeur de bande de frequences
donnee, Obertragungen gleichzeitig innerhalb elner ge-
caract6rise on ce quo: gebenen Frequenzbandbraite ermoglicht,
ladite caracteristique eat une caractdristi- dadurch gekennzeichnet, daS
30      quo de frequence ou une caractiristique de pha- die Kennlinie elne
Frequenzkennlinie odor eine     se qui indique la position de fonetres de
transmis- Phasenkenniinie ist, die die Position des Obertra-  sion dans un
intervale temporal donne. gungsfensters innerhalb eines gegebenen Zeit-
fenstors anzeigt.                               2. Systeme solon la
revendication 1, dans loquel la- 35      dite caractirlstique est egalement
independante 2. System nach Anspruch 1, bel dem die Kenniinie       d'une
synchronisation temporelle avec le termi- auch unabhingig von der
zeitlichen Synchroni-      nal central de communication par satellite (20).
sation mit dem zentralen Satellitenkommunikati- onszugang (20) ist.
3. Systeme solon la revendication 1, dans lequel 40     lesdits terminaux
central et A distance de 3. System nach Anspruch 1, bei dem der zentrale
communication par satellite (10) utillsent des fil- und die entfernt
gelegenen Satellitonkommuni-      tres Chirp adaptes pour permettre la
realisation kationszuginge (10) aufeinander abgestimmte        d'une
transmission dans une enveloppe d'ampli- Chirp-Filter verwenden, um die
Vornahme der        tudes generalement constante qui convient tout
Obertragung innerhalb einer im wesentlichen   45   particulierement pour
des transmissions par sa- konstanten AmplitudenhflIkurve zu erm8glichen,
tellite. was Insbesondere fOr die Satllitenflbertragung geeignet let.
4. Systeme solon la revendlcation 1, dans loquel lesdits terminaux a
distance de communication 4. System nach Anspruch 1, bei dem die entfernt
5o    par satellite (10) utilisent des oscillateurs insta- gelegenen
Satellitenkommunikationszuginge         bios en fr6quence. (10)
frequenzunstabile Oszillatoren verwenden. Revendicatlons
55 1. Systeme de communication par satellite compre- nant: 8 .' . I
111111111111111111111111 1 *   C   L   M1  S   *    


