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ABSTRACT



A satellite communication system, which is inherently



power limited, employing spread spectrum techniques in order to trade-off bandwidth for small ground station antennas. In a one-way system embodiment a central



station transmits data to a satellite for relay to a large number of small antenna receiving stations, the trans



missions being spread spectrum encoded with spreading code lengths selected to provide adequate data recov
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SATELLITE COMMUNICATIONS SYSTEM AND APPARATUS



niques as a means to enhance the effective gain and



selectivity of the system without resort to the above special antenna designs or extra low noise ?gure receiv



Matter enclosed in heavy brackets [ ] appears in the original patent but forms no part of this reissue speci?ca tion; matter printed in italics indicates the additions made by reissue.



ers.



Spread Spectrum, Process Gain and Antenna Size Spread spectrum techniques, as used in the invention, permit data signals to be extracted from the noise using small diameter antennas. In the present invention the



This is a continuation of application Ser. No. 795.868, filed Nov. 7, 1985, now abandoned, which is a reissue of US. Pat. No. 4,555,651.



system transmits a binary stream of data: a binary one is



BACKGROUND OF THE INVENTION Reference is made to my related Disclosure Docu



ment No. 82,906 ?led July 25, 1979 in the US. Patent and Trademark Office. There is a widespread belief in the satellite communi cations industry that it is impossible to receive a useable



signal from the typical communications satellite (broad casting at 4 GHz with orbital spacing of 4 degrees) using small diameter (on the order of 2 feet) dish anten nas and receivers having average noise ?gure (on the order of 2 dB). Two primary problems and a host of minor problems give support to this view. The lack of directivity of small diameter antennas is one signi?cant problem. Typ ically, geostationary satellites are spaced in orbits 4 degrees apart. The 9 degree half-power beamwidth of



2



The present invention solves the above problems by use of novel apparatus employing spread spectrum tech



represented by a ?rst sequence of binary states or ele ments called chips, a binary zero is represented by a second sequence of chips. The basic unit of data (in this case the data bit) is constructed from not one signal condition at a point in time but, instead, from a speci?c sequence of signal conditions or elements over a period of time. Hence, a single bit of information is spread or



20 converted into a spectrum of signal conditions or ele



the typical 2 foot dish antenna at 4 GHz results in the reception of signals from adjacent satellites as well as the satellite of interest. The 9 degree beamwidth also results in a lower antenna gain at the desired frequency than that available with large diameter dishes. For ex ample, a 2 foot dish at 4 GHz has an antenna gain of around 26 dB, while a 16 foot dish has an antenna gain of around 44 dB. At 4 GHz an antenna gain of 26 dB is



ments (hereinafter referred to as the “spreading sig nal”). The spreading signal is at a frequency much greater than the data frequency or rate. The spreading signal has a speci?ed length in time. Each cycle of the spreading signal waveform during that period corre sponds to an element of the spreading signal. Each ele ment may take on one of two different states. Therefore,



a spreading signal comprises a corresponding number of elements, each having a speci?ed state. Data are, therefore, transmitted in spread spectrum format by using one spectrum of elements (or spreading signal) to represent a ones bit, and a different spectrum



of elements (or spreading signal) to represent a zeros bit. For example, a ones bit may be represented by a ?rst binary sequence of elements, and a zeros bit represented by a different second binary sequence of elements. Another view of this process is to operate on each



too low to permit satisfactory detection of standard radio transmissions.



data bit before transmitting using a given pattern of inversions, the pattern being known to the receiver



The second problem is the limit imposed by of?cial



equipment. Thus, each bit can be transformed or



“chipped" into smaller time increments, each increment having a frequency spectrum that is spread much wider in frequency than the original data bit. flux densities incident on the earth's surface in order to In the preferred embodiments, the above spread sig protect terrestrial communications links. When stan 45



regulatory bodies such as the United States’ Federal



Communications Commission (FCC), on satellite signal



dard satellite modulation techniques (e.g. QPSK, FSK, BPSK, or PCM) are used at the permitted levels the signal level received when using a 2 foot dish antenna is far below the receiver thermal noise floor. Other problems include the high cost of a system



nal is relayed via geostationary satellite to a remote station, where it is compared against a local reference. The local reference is the same spreading signal that was used at the transmitting station to place the data in the spread spectrum format While the invention is de



capable of handling a variety of data rates, intermit



scribed in connection with an earth satellite communi



tently used by any one of a large number of users, all requiring quick access time. Additionally, use of small modulation bandwidths, i.e. low data rates, may result in obliteration of data by such effects as carrier drift and 55



cations system, it will be appreciated that the principles



phase and amplitude noise. In the past, efforts to overcome these problems have focused on antenna or receiver design. The larger the



of the invention are applicable to other power limited



communications systems, including terrestrial micro wave systems, for example. The above comparison process is called “despread ing.” Despreading may be performed before or after demodulation. When the proper spreading signal is



present in the received waveform, a data bit is recov antenna diameter, the larger the signal collecting area, therefore, the lower the signal levels which may be 60 ered by the remote station receiver. In the despreading operation, the elements of the satisfactorily received. However, with increased an local reference are compared against the corresponding tenna size, there is a corresponding cost increase. Like positions in the received waveform where the spreading wise, development of precision antennas (i.e., antennas signal elements, if present, should be. For each match of having precise shape, diameter and surface characteris



tics at the intended operating frequency) enhances an 65 a local reference element with a spreading signal ele ment in the received waveform, there is obtained what tenna performance but also raises system costs. Focus in will hereinafter be referred to as a "despread signal receiver design has been directed toward obtaining low



noise contribution, also resulting in higher system costs.



component.” Random noise will also be present.
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When these despread signal components and noise



4



does not require that all chips for each code be cor rectly received before a “bit received" decision is made. The number of chips used to spread each bit affects the bit error rate, as does conditioning a bit received indica tion upon the tentative reception of a minimum energy



are summed (or integrated) over the spreading signal time period, a total “energy level" is obtained which re?ects the degree to which the received waveform matches the local reference. The higher the energy level, the closer the match and vice versa. In other words, instead of an element-by-element detection pro cess, an energy detection is performed by integrating the ensemble of element matches and mis-matches ob tained over the time period of the spreading signal. A



may be achieved for each size of receiving antenna. In the present invention a trade-off between satellite bandwidth and earth station antenna size is permitted to



decision whether a data bit has been received is then based on the above-received energy level. Note that



operate with different data rates and antenna sizes by



upon integration, the random noise present will average



out. Hence, the despread signal component is enhanced while the noise component is reduced. This is known in the spread spectrum art as process gain and is de?ned as



equaling BWm=~+ Rmmn where BWm- equals the bandwidth of the transmitted signal, determined by the



frequency of the spreading signal, and R/NFOR equals



level. By varying the above decision thresholds, charac teristics and other parameters, a choice of bit error rates



allow a user population of remote ground stations to



varying the number of chips per bit. The longer the code length, the greater the number of chips or energy level upon which the decision may be made. Likewise, by requiring that a minimum number of bits be received before treating the already-received bits in a byte as valid, the bit error rate may be further enhanced. Thus it may be seen that in the present invention the choice of



the frequency of the data. 20 the number of chips per bit, number of codes used, In the preferred embodiments of the invention the thresholds of bit decisions, and the degree of correlation spreading signal comprises a pair or more of selected between the codes all combine to permit a variety of binary sequences or codes having a speci?c number and data rates and antenna sizes, including very small anten~ sequence of elements called “chips”, each chip corre nas, to be included in the same flexible network and to sponding to a “one" or “zero” state within the spread 25 avoid interference to or from other satellites or earth



ing signal. Each sequence of chips corresponds to a one or a zero within the data being transmitted. The signal conditions which implement the “chip" states may take the form of any of the various standard satellite modula



tion formats (e.g. Quadriphase Shift Keying (QPSK), Frequency Shift Keying (FSK), or Pulse Code Modula



tion (PCM)). In the preferred embodiments Binary Phase Shift Keying (BPSK) is used. As such, the phase



stations.



The spreading of the transmitted signal minimizes interference into other systems. The despreading of the received signal minimizes interference into the system described in the present invention. Given these interfer ence properties the size of the earth station antenna may



be made arbitrarily small by making the code length



arbitrarily long. Synchronization Requirements



of the carrier is unaltered or is shifted by 180 degrees depending upon the chip state being sent. 35 For purposes of illustration assume that the spreading The spreading of the data in the time domain dictates signal is a sequence of one’s and zero’s 256 elements in that the examination of the received signal at the receiv length. Each element is called a chip. In the invention, ing end be synchronized in time. In other words the the chips of the spreading code (signal) are transmitted matching or despreading of the received signal with the by shifts in carrier phase: one phase state for a chip 40 local reference code must coincide by chip (i.e. timing corresponding to a ones state and another phase state for a chip corresponding to a zeros state. The data to be



sent are therefore spread, bit by bit, using the 256 chip spreading code sequence. The spread data are then transmitted, chip-by-chip, to the receiving station. At the receiving station the received transmission is de spread and demodulated. In a noise-free system, for each bit of information



with respect to each phase change), by bit (i.e. timing of the start and end of the spreading code sequence), by



byte (i.e. timing of the grouping of the transmitted bits); by frame (i.e. timing of the grouping of the transmitted



45 byta), and so on. Otherwise, where time synchroniza



tion is not maintained the signal components which contribute to the threshold levels looked for will be



severely degraded or nonexistent. When the system is in time synchronization, the transitions of the receiver received. Therefore, when on the receiving end the 50 internal clock (which controls the timing of the refer total energy level corresponding to a perfect match is ence code) coincide with the phase transitions of the



spread and transmitted, all 256 chips will be correctly



received within the code period, it can be said, to a certainty, that a bit of information was transmitted and



has been received. However, in the typical small dish antenna system the typically low signal levels present



prevent all of the transmitted chips from being correctly



received signal, the start of a spreading code coincides with the start of the reference code, and so on.



Interference Rejection The process of spreading the data unit being transmit ted allows a receiver to reject all those signals which are not in the proper spread format. In this manner,



received, which in turn precludes a perfect match. The decision of whether a bit has been transmitted is based on a total integrated energy level of all of the chips signals from adjacent satellites may be rejected by the which were used to spread the bit. A decision based on 60 small antenna receiving station. According to the litera



noise-corrupted information has associated with it a



ture, the level (M) of an interfering signal which the



parameter called the bit error rate. The bit error rate is spread spectrum receiver may successfully reject is de?ned as the probability that a bit was not correctly calculated as follows. Given a minimum signal to noise received. The bit error rate for a given power level may ratio required at the output of despreading portion of be selected as a function of the number of chips per bit. 65 the receiver=(S/N)m,,, a process gain of GP, and system



The invention uses statistical or averaging techniques to



make bit, byte (group of bits), and frame (group of bytes) decisions to achieve desired bit error rates and



losses=L,y,:
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For example, a system having Gp=36 dB, L5yg=2 dB, and (S/N)0u¢= 10 dB, would have an interference mar gin M=24 dB. Thus a signi?cant level of interference



may be rejected by a spread spectrum system, provided that enough chips per bit are used, thereby effectively compensating for the wide beamwidth of a small diame ter antenna. In this example, Gp of 36 dB requires ap proximately 4-000 chips per bit.



The above bene?ts of spread spectrum process gain



6



applied. If the chip rate is chosen to be ?xed, the data rate is determined by the number of chips in the spread



ing code: chip rate +nurnber of chips per bit=data rate.



In summary, spread spectrum techniques are used in the invention to ?rst spread a lower frequency data



signal (narrow bandwidth) into a higher frequency spread signal (wide bandwidth). This spread signal is



nality between the interfering signal and the desired



used to BPSK modulate the carrier frequency which is then relayed to remote stations through a geostationary



signal. orthogonally occurs when there is no agreement (or cross correlation) between two signals. Where cross



capabilities which include small or portable dish an



correlation is signi?cant, system performance will be



tenna systems. Each remote station has a reference code



are dependent upon the orthogonality or near orthogo



satellite. These remote stations have differing receiving unique to the class of stations to which it belongs. Such



degraded. Another view of the effect of spread spectrum tech—



code is used to despread the incoming signal, resulting



in the rejection of all but that data intended for the particular station. The despread data are then conveyed that spread spectrum maps a narrow bandwidth signal into a wide bandwidth. When such spread signal is 20 to the user. despread by the same spreading code the original nar System Level Summary Description of the Prefered row bandwidth signal is recovered. Since any interfer Embodiment ence present at this despreading is not in proper spread The invention comprises two related communica form, it will be mapped into a wide bandwidth. Hence, the wide bandwidth interference may be removed and 25 tions systems: a one-way transmission network, and a two-way transmission network. The one-way system the narrow bandwidth desired signal retained, by using entails a transmission by a sending-station to one or a sufficiently narrow bandpass ?lter. more receiving stations via geostationary satellite. See SUMMARY OF THE INVENTION FIG. 1. There is a one-way flow of information, with the sending-central station 14 transmitting a time divi In accordance with the teachings of the present in



niques upon the desired signal and interfering signal is



vention, the problems in providing low-cost satellite ground stations employing small antennas are overcome



sion multiplexed (TDM) spread spectrum signal 2 to the geostationary satellite 3 which then relays the signal 12



by the discovery that spread spectrum techniques can be effectively applied to satellite communications sys



to the receiving-remote stations (only three such sta



tems. The invention recognizes that such systems are power limited rather than bandwidth limited and thereby trades off bandwidth for simplicity and low



number may be much larger) 4. Unlike standard TDM, the time division format used in the invention transmits



cost in the ground stations, thereby making practical a small antenna earth station.



The Spreading Codes In the preferred embodiments of the invention, the spreading codes may take on the followiong character istics. A unique set of codes may be assigned to each class of receivers. A class might include all receivers 45 serving subscribers to a new service, or receivers serv



ing a brokerage network. Within each set of codes one code corresponds to a



tions are shown in FIG 1 as an example, in practice the data on a “next available time slot” basis. For each class



of receiving—remote stations 4 there is a unique code set



assigned. The two-way transmission network, see FIG. 2, in volves a two-way flow of information. This involves a_



doublehop transmission, i.e., two transmissions through the satellite: one remote station 4A communicates with



another remote station 4 by transmission 22, 23 via satellite 3 to a central station 14 which then retransmits 2, 12 via the same satellite 3 to the desired remote sta tion 4. It will be noted that the same satellite is em ployed in different frequency bands for the inbound and



outbound links. Also, it will be appreciated that a partic ones bit while a different code (which may be the in 50 ular site will typically have a transmitter station 4A and verse of the ones code) corresponds to a zeros bit. a receiving station 4. Also, as in FIG. 1, while only two A single sync code may be used for all classes of stations 4 and 4A, respectively, are shown, in practice receivers if warranted. The sync signal is used to main there can be a very large number of such stations. The tain all receivers in time synchronization.



The length and composition of each code is selected



antenna 21 is also a small antenna such as antenna 5



for minimum cross correlation among the various codes 55 described in connection with receiving stations 4. In



for the different classes of receivers. Code length is also a function of the sensitivity of the particular receiving



practice, two antennas or a single antenna with a di



number having a zeros state. Typically, chips are re



satellite positions, a minimum antenna diameter is re



plexer can be used, or a single antenna may be switched between transmitting and receiving modes. station. Due to the FCC requirement that earth transmissions In each code sequence, for best results, the number of chips having a ones state is approximately equal to the 60 to a particular satellite may not interfere with adjacent



quired for the remote station“transmitting” antennas 21. For example, for a transmitting frequency of 6 GHz, a minimum antenna diameter of four feet may be required equals the maximum rate at which the spreading code 65 to prevent interference with adjacent satellites. The retransmission 2, 12, or “out-bound" link, is the BPSK modulates the transmitted signal. Bandwidth of one-way transmission system described previously, see the transmitted spread spectrum signal equals approxi FIG. 1. The first transmission links 22, 23, or “inbound” mately twice the chip frequency depending on shaping



lated to the bandwidth of the spread spectrum signal and to the data rate as follows. Chip frequency equals internal receiver clock frequency. Clock frequency
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links, are code division multiplexed (CDM) spread



8



code may be altered to contain more than a single bit of information For example, assume that a remote station



spectrum signals, in which each signal is one of a pair of coded sequences of chips with one member of the pair



was initially set up to detect 256 chips per bit informa



representing ones bits and the other zeros bits. Each inbound transmitter station has a different pair of se



tion but due to equipment improvement has improved signal to noise ratio sufficient to handle 64 chips per hit



quences (codes). The central station 14 in the two-way network differs from that in the one-way network in that it has the additional capability of receiving and



despreading CDM spread spectrum signals transmitted by the remote stations 4A via the satellite 3. In order to do this the central station 14 maintains a bank of re ceives 273, see FIG. 3, through which are circulated the CDM reference codes for all remote stations 4, 4A in



the system.



information. There are at least two options available to



increase the data rate handling capability of the station: (1) reassign codes to the station, this time 64 chips long, or (2) break the existing code up into sections, with each section corresponding to a bit of information.



As to the latter option, a code portion unchanged could correspond to a ones bit and a code portion imn verted (polarity) could correspond to a zeros bit.



Generally, one set of reference codes will be assigned



The use of CDM in the inbound link permits a large number of mutually unsynchronized remote stations to access the same transmission channel. The CDM tech nique as employed in the inbound link is necessary be



data being transmitted, another set reserved for admin



cause of the lack of coordination among the remote



istrative matters, and so on. The code length is deter



transmitting stations 4A. Use of CDM in the inbound link has the advantage of permitting a remote station 4A



remote stations in a class so that all can receive the data.



to a class of receivers.



Alternatively, several sets of codes may be used for each class of remote stations, with one set reserved for



mined by the size of the smallest antenna used by the



to transmit intermittently, continuously, or at some



Synchronization information may be conveyed to the



other rate without affecting the timing or characteris—



remote stations in one of several ways. One method is to include a sync character within the data itself, but at a



tics of the transmissions from other remote stations.



The spreading codes used in the inbound link 22, 23 and the outbound link 2, 12 differ. The outbound codes are shorter in length and are unique to a class of remote stations. Stations within a class are differentiated by minimal addressing within the bit stream. The inbound codes are signi?cantly longer and are unique to individ ual remote stations. Among the reasons for a longer inbound code are: (l) the need for a higher processing



gain to compensate for the low signal levels which result when a small diameter antenna 21 is used to trans



?xed interval of time. Or, if necessary, a separate sync bit in a code common to all receivers may be used.



Where a sync bit code is used code length is chosen so that the remote station receiver with the smallest an tenna may receive the sync signal and thus be main tained in a synchronized condition. Demodulation involves the detection of the modula tion form used by the central station 14. In the second method of detection, as described above, the demodula tion converts the BPSK signal into pulse form at the



mit from the remote station 4A to satellite 3; (2) the low 35 chip frequency rate for later despreading. In the ?rst method of detection, the demodulator detects the pres ence or absence of the baseband waveform in the previ crowave networks operating in the same frequency ously despread signal. band; and (3) the larger number of uncorrelated codes Referring to FIG. 1, data are received by the central



power of a small transmitter designed to be low in cost and low in amount of interference with terrestrial mi



available with a longer code length (as required by the 40 station 14 via input user links 11 such as modems. The CDM format utilized). data may be received at a variety of rates including 75 baud and 1200 baud. The data concentrator 10, in con System Level Operation of the One-Way Transmission junction with microprocessor 212, which can be a gen Network-FIG. 1 eral purpose microprocessor, extracts from the data or The one-way transmission network comprises a cen 45 the source of the data, the identity of the remote station tral station 14, a geostationary satellite 3, and remote stations 4. The central station 14 comprises user input



or stations 4 to which the data are to be sent. The data concentrator 10 accumulates and arranges the data into



links 11, an intelligent data concentrator/encoder 10A, and a transmitter 17. The geostationary satellite 3 com



bit and byte formats. In like manner the data concentra tor 10 arranges data from the other input links 11. The



prises a transponder system which receives signals from the central station 14 at one frequency, for example 6



GHz, and translates, ampli?es and transmits the signal at a different frequency, for example 4 GHz, to the remote stations 4. The remote stations 4 receive the



satellite-relayed transmission 12 from the central station 14 using small diameter dish antennas 5. The received signal is then detected by either of two processes. The



?rst process requires that the received signal be ?rst



data are then sent to the transmitter for transmission on



a prioritized or ?rst-in ?rst-out basis, character-by character or by blocking into packets with address headers. Thus as data comes in from the various users it is accumulated. As soon as a byte of data for a particular user has been accumulated the byte of data is ready to be transmitted or formed into packets. The byte to be transmitted is routed out of the data concentrator 10 to



despread using the local reference code, then demodu a delay buffer 18. The delay buffer 18 is controlled by a lated, while the second process involves ?rst the de 60 clock 18A and is activated whenever a sync code or modulation of the received signal, then the despreading sync' character is to be inserted in the data stream. of the demodulated waveform. As the data are routed through the delay buffer 18, Despreading involves the multiplication of the in the microprocessor 212 retrieves from storage the ad coming signal with the reference code. There are at dress to which the particular data are to be sent as well least two reference codes used by each receiver: a ones 65 as the key for the spreading code for the class of stations bit code, and a zereos bit code. The ones bit code may to which the addressed station belongs. The micro be independent of the zeros bit code, or it may be the processor 212 then causes the spreading code to be inverse (polarity) of the zeros bit code. In addition, a generated in the code generator 16, whose output is
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frame sync may be performed, the incoming chip



used to multiply 20 the data stream emerging from the delay buffer 18. The microprocessor 212, code genera tor 16, and delay buffer 18 are all controlled by a com



stream must be despread, chip and bit sync must be achieved, and the despread data must be demodulated. After demodulation, the examination of the data stream for the sync character is performed within the micro processor or by a special interface chip programmed to seek a given bit pattern. A more detailed description of



mon clock 18A to ensure proper time synchronization



of the data spreading and insertion of the sync code or character.



Thus the data concentrator 10 receives the parallel the synchronization process in the above single-code inputs from the input user links 11, accumulates the data implentation will be provided below. into bit and byte forms, then sends the data along in serial form for spreading (multiplication 20 by a spread 10 When the looked-for spread data are present in the received signal, the output of the despreading circuitry ing code), and then transmission to the remote stations 139 is demodulated and integrated 68, and the energy At the transmitter 17 the spread, formated data BPSK level in the separate detectors (corresponding to ones, modulates an RF carrier. The modulated signal is then zeros, and sync data) is evaluated. The microprocessor translated up to the carrier frequency and then transmit 190, which can be a general purpose microprocessor, ted to the remote stations 4 via geostationary satellite 3. examines these outputs to determine whether a suffi The remote stations 4 receive the spread data stream cient energy level is present to indicate the reception of using small diameter dish antennas 3 and continuously a bit. This threshold energy level is determined by the compare the spread data stream with the sync code (if required bit error rate. the systems uses a sync code) as well as the data codes 20



When a certain minimum number of bits have been



of the class to which the particular remote station be longs. Time synchronization at the remote stations 4 is achieved on a chip, bit, byte and frame level.



received (for example, ?ve bits out of an eight-bit byte),



codes) with the chip frequency waveform. In other



been received, the microprocessor 190 lowers the en ergy level threshold, reexamines the output energy level, and makes a best-guess of the missing bits which



there is good reason to believe that a byte of data was sent and the bit decision threshold can be changed to Chip synchronization entails the aligning of the clock achieve an improved statistical estimation. When there waveform (which controls the receiver reference 25 are missing bits and the minimum number of bits have



words, the frequency of the receiver clock must match the chip rate and the transitions of each waveform phase must coincide. In the preferred embodiment Tau dither synchronization is used. In this embodiment the



will complete the byte of data. The despread data are then converted into RS-232 or other standard format and converted to the remote



despreading spreading waveform is alternately made to be early by a fraction of a chip length and then late by



station user via printer 191 or other Input/Output (I/O) device.



the same amount. Small differences between the two



then provide the steering information to make "early” equal to “late”. When despreading is performed before demodulation, Tau-dithering is performed on the bit to an accuracy of one quarter to one-eighth of a chip,



thereby achieving bit and chip synchronization at the



35



Advantages of the One-Way Transmission Network As implemented, the one-way aspect of the invention has many advantages. First, the central station data concentrator 10, see FIG. 1, format permits the trans



same time. In the special case when no separate sync mitting of codes of differing lengths. With a chip rate code is used, a unique sync character is inserted within 40 assumed fixed by the internal clock of the system, the the data stream to indicate byte sync and the start of



either fixed or variable length packets. Referring brie?y to FIG. 3, when a sync code is used,



code length assigned to a particular class of stations



start of the incoming sync code) is accomplished by framing sync circuitry 161, described below in greater detail. A simpli?ed implementation of the one-way



with the overall timing of the system. Typical transmit



determines the rate at which data may be transmitted to



that class. However, since the transmitted stream is time frame synchronization (the proper positioning of the receiver reference codes with respect to the start of 45 division multiplexed, codes of differing lengths may be intermixed within the data stream without interfering each bit code in the incoming signal, as well as to the



transmission network is the case where a single spread ing code is used to communicate both data and sync characters. In such case, time lock is ?rst achieved-



that is, matching the internal reference code with the



incoming chip stream by sliding the internal reference



ted data rates range from 45 baud to “facsimile bursts"



in the megahertz range. As to the latter data rate, a facsimile burst would entail no spreading of the data because such rates would be used for stations with suf?



ciently large receiving antennas such that use of spread spectrum techniques would be unnecessary. The micro processor 212 would sense that no spreading was re



in time relative to the incoming chip stream until a 55 quired and permit the data to be passed through the multiplier 20 unaffected. match is detected. Once the internal reference code is



approximately aligned with the corresponding code



Second, microprocessor control (microprocessor



212) of the data concentrator 10 and the data spreading sequence in the incoming data stream a reference point 20, 16 permits a large degree of ?exibility in interleaving is established and Tau-dither techniques are used to maintain reference with the incoming streams. Thus, bit 60 separate data streams within the overall transmission. Third, since the microprocessor 212 maintains a re sync and chip sync are achieved simultaneously, fol cord of the remote stations to which data from a partic lowed by continuing tracking. ular user input is to be addressed, the sender need not In this simpli?ed implementation, the sync signals are know the spreading code of those remote stations. unique characters imbedded within the data stream occurring at intervals indicating the start of either fixed 65 Nonetheless, addressing of a particular station within the class of stations served by a particular user may be or variable length packets. Therefor, the incoming chip accomplished if desired by minimal addressing within stream must ?rst be despread before time synchroniza the data bit stream. tion may be performed. Therefore, before byte and
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Fourth, the ability of the central station 14 to accom modate a variety of data rates permits the use of statisti cal multiplexing techniques to select formats and se quencing to achieve the most efficient use of the com munication channel. Fifth, as conditions change (e. g. addition of or change in character of the remote stations in a class) modi?ca



by the remote station small dish antennas 21. In addition the retransmission of the information by the central station 14 to the intended remote stations 4



tions of codes and formats may be easily implemented



mote station 4A.



by reprogramming the microprocessor 212 external memory.



Sixth, since the remote stations are microprocessor controlled (microprocessor 190, which can be a general purpose microprocessor) each remote station 4 may be



provided by use of long spreading code lengths, to compensate for the low signal levels being transmitted



via the “outbound” link is at a power level much greater than that available from direct transmission by the re_



The transmission capability 230, FIG. 3, which is added to each remote station, spreads the data provided by the remote station user using a spreading code hav ing a length of a thousand or more chips. The spread data are then transmitted, without sync codes or charac



reprogrammed, by transmissions from the central sta ters, using a small diameter dish antenna 21, on a CDM tion 14, to accept different codes of differing lengths, 5 basis. In the preferred embodiment the transmitting for example, when an increase in satellite transmitter power levels permit fewer chips per bit or when a more stringent bit error rate leads to a requirement for more



antenna 21 is a minimum of 4 feet in diameter to meet



regulatory beamwidth limitations. Timing synchroniza



tion for spreading of the data is derived from the re ceiver section of the remote station 4. 20 At the central station 14 banks of despreading receiv allows small dish antenna stations to be successfully



chips per bit. Seventh, the use of spread spectrum in the system



employed without exceeding regulatory imposed spec tral power density limitations and without interference to or from terrestrial or geostationary interference sources.



Eighth, since each remote station can be separately



addressed through the spreading code used, packet type



ers 273 are maintained. To minimize equipment costs,



despreading receivers are maintained for only a subset



of all expected inbound transmitting stations. This sub 25 set is periodically changed to assure reception of all



inbound transmissions. Each receiver 273 is assigned a code corresponding to one remote station in the system. As with the receivers in the remote stations of the one way network, these despreading receivers 273 are con



formats or special preambles could be avoided. How ever, should preamble formats or packet addressing be required for certain stations, such formats may be im 30 stantly monitoring the signals received by the large dish antenna 270. Typically, the number of remote stations plemented in bit form and sent as regular data without will be very large, therefore the bank of despreading affecting reception of data by other nonpreambleusing receivers 273 will circulate only a portion of the possi stations. ble spreading codes corresponding to the remote sta Ninth, the invention, as implemented, is power rather than bandwidth limited. Should the process gain of the 35 tions that may be transmitting at any given moment. However, the number of despreading receivers is se system be insufficient to overcome a particular interfer lected statistically in light of the expected data traffic so ence source, the system carrier frequency could be that the delay between a remote station transmission reassigned, the chip rate may be altered, or the code and detection of such transmission by the central station sequence modi?ed. Finally, because the system utilizes a small portion of 40 14 is kept small. As the various remote station codes are



the transponder bandwidth of the geostationary satellite



circulated through the despreading receiver bank 273,



3, a number of similar channels utilizing different carrier



the occurrence of a match of despreading code with the received data stream will cause the particular receiver in the bank to retain that despreading code until the



frequencies within the transponder bandwidth may be implemented to expand the capacity of the transponder



up to the limits of the available transponder power. 45 particular transmission has been concluded. Because of differences in location of each remote However, the preferred embodiment utilizes a single outbound channel with all or a substantial fraction of



station, gradual changes in satellite orbit, changes in the



the transponder power being concentrated within that



rotation of the earth, and other factors, there is a distinct and different time delay associated with the transmis



channel.



Sytem Level Operation of the Two-Way Network--FIG. 2 The two-way network utilizes the “outbound” link 2, 12 which comprises the one-way transmission network,



50 sion from each remote station. In one implementation of



the invention the necessary timing corrections are done



at the central station 14 in setting the timing of the circulation of a particular code in a despreading re ceiver 273. In another implementation, each remote



see FIG. 1, but adds an “inboun ” link 22,23, as well as 55 station maintains its own time delay correction factor



capacity in the central station to receive long code and adjusts the timing of its transmission with respect to length CDM transmissions from remote stations 4A. the received sync pulses and chip positions. Thus, at each remote station site, both a transmitting Included in the despread data from a remote station station 4A and a receiving station 4 are provided The transmission is the address of the remote station to central station 14 is also given the capability of monitor 60 which the data are to be sent. Once the data are de ing and recording system usage by each remote station. spread by the despreading receiver 273 they are treated The two-way network permits simultaneous CDM as if they were data in the one-way network, supra, and transmission to other remote stations 4 via the central station 14 by any or all remote stations 4A. Each remote



processed by the data concentrator 10. Microprocessor 212 retrieves the spreading code for the desired remote



station 4A uses the same frequency, and does not re 65 station. The data concentrator 10 arranges the data into



quire TDM hardware. The network uses the higher antenna gain provided by the large dish 270 of the cen tral station 14, in conjunction with high process gain



bit, byte, and frame formats. The data are then spread 20 according to the addressed receiver code, on a priorit ized or first-in ?rst-out basis, and then transmitted l7,
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fore for 2 foot antenna remote stations data rate will be 2.4576 MHz+256 chips per bit, or 9600 in bits per sec ond. On the other hand when a 4 foot remote station is



see FIG. 3, via geostationary satellite 3 to the desired remote station.



BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1 is a simpli?ed functional block diagram of the system level operation of as one-way transmission net work embodiment according to the invention. FIG. 2 is a simplified functional block diagram of the system level operation of a two-way transmission net— work embodiment in accordance with the invention. FIG. 3 is a functional block diagram of the system level interaction of the various components of the trans mission networks in accordance with the present inven tions. FIG 4 is a block diagram of the despreading circuitry. FIG. 5 is a block diagram of the demodulation and energy detection circuitry. FIG. 6 is a block diagram of the chip, bit and frame



addressed data rate will be 2.4576 MHZ-H54 chips per bit, or 38,400 bits per second. As is generally true of all codes utilized in this system, the codes selected are orthogonal or near orthogonal to one another, and each has a near equal number of ones and zeros.



It will be understood that the fixed chips rate of 2.4576 MHz is not critical. The spreading code lengths are chosen to provide low error rates for the signal levels obtained with present state of the art receiver noise ?gures. If higher error rates can be tolerated or if



different receiver noise ?gures are present, the spread



ing code lengths should be changed accordingly. Geostationary Satellite Transponder In the preferred embodiment the geostationary satel



synchronization circuitry.



lite 3 is used to relay transmissions between the centrqal



FIG. 7 is an illustration of the correlation response 20 station 14 and remote stations 4 and vice versa. The when two identical code sequences are compared to heart of the satellite is a transponder which receives



each other at different degrees of coincidence. FIG. 8 is a block diagram of the central station input /output and data concentrator circuitry. DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS FIG. 3 illustrates the functional interrelationship be tween the various elements of the one-way and two way transmission networks. Reference to more detailed ?gures will be made and more detailed description fur



nished when certain elements of special signi?cance are being described. Although one combination of elements from which the invention may be implemented is de



25



signals 2 at a nominal 6 GHz frequency and which retransmits 12 such signals at a nominal 4 GH: fre quency. The maximum radiated power permitted to be



transmitted by the transponder is set by FCC regulation and is - 149 dBW per square meter per 4 KHz band.



The effective isotropic irradiated power (EIRP) trans mitted by the geostationary satellite 3 in the preferred embodiment of the invention is 20 to 32 dbW. For a chip rate of 2.4576 MI-Iz the bandwidth of the signal relayed



by the geostationary satellite 3 is approximately 4.9 MHz. The power of the transmitter may be increased to 32 dBW in the same 4.9 MHz bandwidth without ex



ceeding the flux density limits. Since the typical band scribed, there are numerous other combinations which 35



width of a satellite transponder is 36 MHz, it is clear that the relayed signal is power rather than bandwidth The selection of the spreading code length was influ— limited. enced by: receiving antenna (5) size, receiver noise ?gure, transponder (3) power, bandwidth of the trans Remote Station Receiver mitted signal, the required bit error rate, the number of 40 Referring now to FIGS. 3, 4, 5 and 6, the receiving unique codes required, the data rate, and the chip rate circuitry of the remote stations 4 will be described. The selected, among other factors. receiver front end (pre amp) 61 is of standard design for For the preferred embodiment of the outbound link, the reception of signals in the 3.7 GHZ to 4.2 GHZ remote stations having 2 foot dish antennas are assigned 256 chips per bit spreading codes, and remote stations 45 range. The signal out of the front end pre-amplifier 61 as having 4 foot dish antennas are assigned 64 chips per bit



may implement the invention equally well.



spreading codes. Remote stations having 16 foot dish antennas do not



require the use of spread spectrum techniques.



sumed to be 4000 MHz is mixed-down to the ?rst IF



frequency (786 MHz in this example) in mixer 63. The



mixing frequency is derived by multiplying the L0. 79



For the inbound link, all remote stations 4A transmit 50 frequency (856 MHz in this example) by four. After ampli?cation in the ?rst IF 64 the signal is using 4 foot dish antennas 21, 2048 chip per bit spread mixed-down to a frequency of 70 MHz in mixer 63A. ing codes, and signal levels of generally under one watt of power.



The code length per bit (outbound only) is 256 chips long, in order to keep the 2 foot dish remote stations



(the least sensitive receiving stations) in lock. In the special case where a single code is used to transmit both data and sync information, the sync information takes the form of a sync character imbedded within the data stream.



A sync code or character is sent at a ?xed interval, for



The mixing frequency is supplied by L.O. 79. After ampli?cation in the second IF 64A, the signal is mixed down to 10.7 MHz in mixer 63B. The mixing frequency is supplied by LC. 79A. The resulting 10.7 MHz baseband signal from mixer 638 may then be processed to recover the spread spec trum data. As described earlier, one of two methods



may be used: the signal may be ?rst despread then de modulated, or it may be demodulated ?rst then de



spread. example, once every 512 bits, where each bit is assumed In the preferred embodiment despreading is preferred to be in the longest code being used or, once every tenth ?rst. Referring to FIGS. 3 and 4 the circuitry is shown. of a second. A frame is selected to equal the sync code interval. The chip rate is selected to be 2.4576 MHz. 65 Despreading is performed ?rst by despreading circuitry 139, then demodulation and energy detection are per The chip rate, frame interval and sync interval there formed by demodulation circuitry 68. Despreading is fore all occur at ?xed times. The data rate, however, is essentially the multiplication of the received signal out a function of the spreading code length selected. There
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of mixer 63B with the spreading codes assigned to the particular remote station.



Despreading circuitry comprises, FIG. 4, a mixer bank 65 (56, 57, 58, 59, 56A, 57A, 58A, 59A), and circu



lating registers 51 (124,126,124A, 126A). The circulat ing registers 51 receive the data and sync reference spreading codes from the microprocessor 190, and cir culate them according to clocks 4n on line 101, and tin on line 102, provided by the chip sync circuitry 103, and commands from the microprocessor 190, which may be a general purpose microprocessor. The microprocessor controls the time at which the registers 51 begin circula tion of the codes such that the start of the code sequence



of the local reference codes will be synchronized in time with the start of the code sequence for each incoming bit. Register 124 circulates the ones bit data code and outputs that code to mixer 59. Inverter 125 inverts (po larity) the ones bit code to derive the zeros bit code, and then routes it to mixer 58. Similarly, register 126 circu lates the +sync code and outputs the code to mixer 57. Inverter 127 inverts (polarity) the +sync code to derive the -sync code, and then routes it to mixer 56. Registers 124A and 126A circulate the data and sync codes in accordance with a Tau-dithered clock 4); on 25



line 102 in cooperation with chip sync circuit 103 and microprocessor 190, for the purpose of obtaining bit and chip sync. These operations will be discussed in greater



16 associated with each chip counteract each other and



restore the original baseband signal. Hence, the output of the mixer bank 65 will be the baseband frequency of unshifted phase n chips in length, where n equals the code length. On the other hand, if the codes were not the same, the output from the mixer bank 65 will be n



chips of baseband frequency having differing phases. It may be seen that if a phase detector were used to de



modulate the waveform for each case, the result, where the codes match, would be a dc level n times that corre



sponding to an in-phase phase detector output for one chip. On the other hand, in the unmatched case, the output would tend toward zero (for near uncorrelated codes) or toward a negative level (for negatively corre



lated codes). Level detection of the despread signal occurs in the demodulation circuitry 68, FIG. 5. Demodulators 49 examine the signals output from the mixer bank 65 for each of the lines: ones data 52, zeros data 53, +sync 54, and —sync 55. The output of each demodulator 49 is



accumulated over a bit period by integrators 122, 123, 131 and 130. Demodulators may take various well-known forms: a



phase detector, at squaring loop detector or a Costas



loop detector. Integration of the demodulator 49 outputs over the code period produces an equivalent energy level and



allows noise to average out. Typically in small dish detail below. antenna receiving systems the received signal level is An alternative method of despreading is to use a 30 very low. This results in less than a perfect match be single circulating register, with the code being circu tween reference code and received spread data codes.



lated and the timing of such circulation under micro



Therefore the energy level actually obtained from the integrators 122, 123, 131 and 130 may not equal the expected maximum level, although all chips were sent. sync code may be inserted into the register periodically 35 As previously described, statistical techniques are em only when a sync is expected to appear, while at all ployed to determine the minimum level output from the other times the data codes are circulated. integrators 122, 123, 131 and 130 which may be treated processor 190 control. For example, in a system where a sync code is used in addition to the data codes, the



When the output of mixer 63B (FIG. 3) is multiplied in the mixer bank 65 by the signals from the circulating registers 51, despreading occurs. When a spread spec



trum signal is multiplied by the properly synchronized spreading code, the result is the original unspread sig nal. Therefore if the signal out of mixer 63B is fbm.



as a received bit and thereby achieve the minimum required bit error rate.



This bit threshold decision process is implemented using comparators 132, 134, 135 and 137. Each compar ator compares its integrator output with a threshold



level (set to achieve a certain bit error rate). A positive output (i.e., that the level has been exceeded) from a product (fbmband) g(m)>< g(m) will equal fbaseband, 45 comparator is treated as “hard” data. As mentioned whenever the spreading code g(m) is present in the above, since the low signal levels received often pre received signal. Thus it may be seen that if the spread vent a perfect match between reference code and ing code for a ones bit is present in the received signal, spread data code which results in energy levels below a baseband frequency will be output from mixer 59. threshold, a “soft data” record must be maintained. In Likewise if a +sync spreading code is present in the the preferred embodiment comparators 133 and 136 received signal a baseband frequency will be output implement one of the numerous methods to derive soft from mixer 57. Similar results are obtained from mixers data. Essentially the levels of the integrators for the 58 and 56. Mixers 56A, 57A, 58A and 59A accept Tau ones bit and the zeros bit are compared, and the greater dithered codes from registers 124A and 126A in cooper level is deemed to indicate reception of that type of bit. ation with chip sync circuit 103 and microprocessor 190 55 Similarly soft sync is derived for the sync signal. for the purpose of obtaining bit and chip sync. These In the special case where all remote stations 4 in the operations will be discussed in greater detail below. system are assigned a single code for transmission of When the looked-for spreading code is not present in both data and sync information, there is no need for a the received signal, the output of the mixer will be a hard/soft bit designation. Because, in this case, all that is wideband signal which may be removed by ?ltering. 60 transmitted is intended to be received by each remote From a time domain point of view it may be seen that station 4, a continuous stream of bits may be assumed. in mixer bank 65 the reference codes shift the phase of These bits consist of either data bits or filler bits. Since the L0. 6313 signal. For each chip of the code there is a bit is necessarily present for every bit position, the soft an associated phase shift. In the received signal the data and sync despread outputs may be looked to di



bandg(m), where g(m) is the spreading operator, the



spreading code will have shifted the carrier phase, with 65 rectly to decide whether the bit was a one or a zero. each chip of the spreading code corresponding to some The outputs of comparators 132 through 137 are sent phase shift. When the received signal spreading code to the microprocessor 190 for processing and storage, and the receiver reference code match, the phase shifts



see FIG. 3. (Hard “+" sync data on line 138 is also sent
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to the framing sync circuitry 161, FIG. 6 for use there.) The microprocessor 190 maintains a record of the hard



received from NAND gate 165 and when a hard -+-sync level is received on line 138 from the demodulation



and soft data received, and even treats hard data as tentative until a minimum number of hard tenative bits have been received. This enhances the system bit error



present, the counter 162 will reinitialize until sync is obtained.



circuitry 68. So long as the out-of-sync 166 indication is



The out-of-sync signal 166 is initiated only after



rate. If after a byte period several bits remain unde tected, the microprocessor 190 will examine the soft data record for the missing bits. The microprocessor



counter 164 counts a small number, less than 10, of



"no-sync” indications from NAND gate 163. NAND gate 163 monitors all outputs of synchronous counter



190 "infers” that a byte of data was transmitted after it



has tentatively received a minimum number (usually 5) of bits. The microprocessor lowers the bit decision



162 corresponding to values less than or equal to some



p



threshold when it looks to the soft data or soft sync record for the missing bits and makes a best-guess as to the correct bit state. In this manner the transmitted data



multiple, m, of 64, wheren m


is statistically recovered from the despread and demod ulated received signal.



were selected to be one tenth of a second, counter 162 would be a 16 bit synchronous counter. Outputs corre



sponding to values of 32x64 (2048) or less would be



A second method of data recovery is to demodulate



?rst. Carrier lock is essential, however, if the modula tion is to be properly detected. One implementation could consist of a phase detector which compares the incoming received signal with a voltage controlled reference. The phase detector output is used to correct the voltage controlled reference so that the reference tracks the carrier frequency deviations. The output of



monitored by NAND gate 163, and outputs having 20



values greater than 2048 are monitored by AND gate 167. At the precise clock rate of the system, 245,760 MHz a tenth of a second period corresponds to 245,760



chips per period. Therefore, all counter 162 outputs



monitored by NAND gate will be zero and all outputs monitored by AND gate 167 will be one whenever a the phase detector also yields phase changes caused by 25 sync singal is received, and if the count was started upon receipt of the last sync signal. BPSK modulation. These phase changes are the trans Likewise the out-of-sync indication 166 is not initi mitted spread spectrum data stream. This data stream is ated until a minimum number of non-modulo 64 counts then multiplied by the local reference code to despread are produced by the counter 162 as relayed to counter the signal and yield the original data. 164 by NAND gate 163. This is to prevent momentary However, demodulation before despreading in small interruptions from disrupting the system operation. antenna receiving systems is difficult to implement due



In the special case where a single data code is com mon to all remote stations 4 in the network sync charac ters are embedded in the data bit stream. Framing sync



to the very low signal to very low signal to noise ratios present. At such low levels carrier lock is difficult to



maintain especially when interference is present. cl



Framing Synchronization Proper time synchronization is essential to the satis factory operation of the spread spectrum system. The framing synchronization circuit 161, FIG. 6 ensures that the frame timing maintained by the microprocessor 190 coincides with the framing timing of the received sig



35 may therefore be performed within the microprocessor



190, thereby obviating the need for framing sync circuit 161 in this special case.



Chip Synchronization 40



The chip synchronization circuit 103, FIG. 6 aligns



nal. Recall that a frame is defined as equaling the sync interval and that a sync character (or code) is sent peri odically, for example once every tenth of a second, or once every 512 bits, where each bit is assumed to be in



the internal clock (in on line 101 with the received chip stream 82, FIG. 5. Chip synchronization is attained



into bytes and packets is obtained.



which a chip state transition would occur if a chip state were changing from one value to another. By maintain



when zero to one and one to zero transitions in the



internal clock 61 coincide with the actual or theoretical



the longest code being used. By maintaining frame sync, 45 chip transition points in the received chip stream 82. A theoretical chip transition point is the point in time at it is ensured that the proper ordering of the received bits Since a sync code is sent at a chip rate which is a



ing chip sync efficient despreading is achieved, hence multiple of 64, the frequency with which the sync bit is process gain is maintained at near theoretical levels. sent is a modulo 64 signal. That is, a binary synchronous There are several methods of chip synchronization, counter, counting at a rate equal to the system chip rate, of which the Tau-dither tracking method will be dis if started when a sync pulse is received and stopped cussed here. when a subsequent sync pulse is received, will always In the preferred embodiment of the invention the show a multiple of 64. Therefore all of the binary counter outputs corresponding to values less than 64 55 Tau-dither method is used, FIG. 6. This method in volves the incremental shift of the internal clock 4); will be zero, while some value equal to and greater than which controls the circultion of the local reference 64 will be nonzero. On the other hand, if the binary



codes in circulating registers 51. Here the triangle counter were started at some time other than at the time shaped correlation characteristic of the code sequences a sync bit was received, its outputs for values less than 64 will be nonzero at a point in time when a subsequent 60 used in the system provides the directivity for control of



clock (b1 synchronization. FIG. 7 illustrates the effect of a clock shift upon correlation depending upon whether



sync bit is received. Note that, given the precise chip rate of 2.4576X ll)6 chips per second, a sync every tenth



the clock (in is advanced or retarded with respect to the



of a second is also a modulo 64 signal.



In the preferred embodiment, n-bit synchronous counter 162 counts the internal clock (in (i.e. the chip frequency) on line 101 from the chip sync circuitry 103.



Counter 162 is initialized, in other words, the count is started from zero, when an out-of-sync signal 166 is



received chip sequence. 65



When the clock (in is in a retarded state, an incremen tal shift of the clock which tends to advance the clock



position will result in an increased amplitude of the correlation. On the other hand, if the clock (in is in an
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