
EP 0159 720 B1 Description This invention relates to a bidirectional
digital signal communication system and, more particularly, to a novel and
highly-effective bidirectional digital signal communication system
especially adapted for use in 5  transmitting a digital data signal through
a CATV (cable television) transmission line and similar communica- tion
links. Fig. 1 schematically illustrates a bidirectional digital signal
communication system representative of the prior art. A center unit 11 on
the one hand and each of terminal units 2' on the other onterchange a
digital data signal through a transmission line or cable 3' of, for
example, a CATV system. The network line from 10 the center unit 1' to the
terminal units 2' Is referred to as a down-link, while the network One from
the terminal units 2' to the center unit 1' Is referred to as an up-link. A
data signal to be transmitted through the down-link generally has a
frequency band higher than that of a data signal to be transmitted through
the up- link. For example, the down-link data signal may have a frequency
band of 50 MHz to 450 MHz, while the up-link data signal may have a
frequency band of 5 MHz to 30 MHz. 16     Generally, In a bidirectional
digital signal communication system, a digital Information or data signal
Is transmitted from a center unit (broadcasting station) through a "down"
transmission line ("down-link") to each terminal unit, and each terminal
unit transmits a digital data signal through an "up" transmission line
("up-link") to the center unit. In the case of transmission through the
up-link, in order to prevent deterioration of the S/N (signal-to- noise)
ratio due to heat generated by a resistor In the last.stage of the terminal
unit, etc., the data signal and a pseudo-noise (PN) code are multiplied
with each other. This produces a so-called "spread spectrum" encoding the
data signal. The data multiplied by the PN code has a wide frequency
spectrum so that It is less affected by noise during transmission than it
would otherwise be. The data as encoded in the spread spectrum is
transmitted in the form, for example, of a PSK-modulated signal (i.e., a
signal modulated by 25 phase shift keying). DE-A-28 03 524 describes a
bidirectional digital signal communication system according to that one
described above, i. e. a system generating digital data spread with a PN
code, however, only communica- tion between a sender unit and a single
terminal unit is described. The terminal unit preferably is arranged within
a flying object. As the distance between the central unit and the terminal
unit may change 3o permanently, synchronization is performed permanently.
EP-A-0 037 299 mentions that it is generally known to perform
synchronization either permanently or only when starting data transmission
(however, in the latter case, the synchronization may be repeated from time
to time). When synchronization is not performed permanently, the value of
the phase shift detected during the synchronization operation has to be
stored to enable permanent data communication based on 35 the detected
phase shift. The system of EP-A-0 037 299 uses a register to store the
value of the phase shift which is valid for data communication with an
actually addressed terminal. As soon as a new terminal Is addressed,
synchronization is performed again, and the thereby received phase shift
value is again stored in the shift register. Also in a bidirectional
digital signal communication system using a spread spectrum for the
transmis- 40 sion of data from each of a plurality of terminals, it is
necessary that the receiver of the center unit accurately synchronize the
position (phase) of the code pattern of a received signal and the pulse
repetition rate or frequency of the bit clock, both of which are
transmitted from the terminal unit, with those of a reference signal in the
receiver of the center.unit. However, the process of synchronization
requires a predetermined time, and, If the synchronization 45  process is
carried out each time the polling of the terminal units is conducted by the
center unit, the amount of data receivable from the terminal units per unit
of time is substantially reduced, so that the transmission efficiency is
lowered. An object of the invention is to provide a bidirectional digital
signal communication system in which a terminal unit can be accessed by a
center unit within a minimum period of time and the amount of data 50
receivable from the terminal units per unit of time is increased, so that
the transmission efficiency is raised. The bidirectional digital signal
communication system of the present invention includes a plurality of
terminal units in communication with the center unit, - where in each of
said terminal units comprises: - signal generating means for generating
digital data spread with a PN code; 55      -- modulating means for
modulating said digital data on a carrier; and -- means for transmitting
said modulated digital signal to said center unit; 



- and where in said center unit comprises: -- receiving means for receiving
said modulated digital signal; 2    EP 0159 720 B1 - a PN code generator
for generating a PN cods which corresponds to the PN code of one of said
terminal units; -- a multiplier responsive to said receiving means and said
PN code generator to produce a digital signal do-spread from said PN code;
5       -- demodulating means connected to said multiplier to reproduce the
digital data from said modulated digital signal; - a detector for detecting
the maximum level of the digital signal from said multiplier and producing
a corresponding level indication signal; and -- presetting means including
a memory for storing a preset code for each of said terminal units for 10
presetting said pseudo-noise code generator with said preset code for an
actually addressed terminal unit In response to said level indication
signal. In the system according to the present invention, the center unit
comprises a special detector for detecting optimum synchronization. This Is
done by detecting the maximum level of the digital signal from the
do-spread received signal. Synchronization is performed by presetting a
pseudo-noise code generator 15  by different preset codes. The preset code
for which synchronization is optimum, Is stored In a memory In relation
with the actually addressed terminal. Synchronization and storing of a
preset code Is performed for each terminal unit. As soon as a terminal unit
is addressed afterwards, the preset code for the addressed terminal unit is
read from the memory, and the pseudo-noise code generator is preset with
this code. Thereafter, no more synchronization or only a fine adjustment of
synchronization is necessary. 20     By changing the preset code, it is
possible to perform phase shift In a bitwise manner. However, the actual
phase shift may have a part which is only a fraction of the period of a
bit. According to a preferred embodiment, a system according to the present
Invention additionally comprises a shift register which shifts the
generated pseudo-noise code by a predetermined fraction of a bit period.
Thereby fine synchronization is performed. As soon as the detector which
detects the maximum level of the received despread signal 25  detects
optimum synchronization, not only the preset code is stored, as described
above, but additionally the bit fraction is stored by which the
pseudo-noise code is shifted by said shift register. A better understanding
of the objects, features, and advantages of the present invention may be
gained from a consideration of the following detailed description of
embodiments thereof, taken in conjunction with accompanying figures, In
which like reference characters designate like elements and parts and
wherein: 30    Fig. 1 is a schematic circuit diagram of a bidirectional
digital signal communication system typical of the prior art; Fig. 2 is a
circuit block diagram of a preferred embodiment of a bidirectional digital
signal communica- tion system constructed in accordance with the present
Invention; Figs. 3A to 3C are respectively waveform diagrams of a bit
clock, a data signal and a synchronizing 35    signal transmitted from the
center unit to the terminal units through the down-link In accordance with
the Invention; Fig. 4 is a circuit block diagram of a preferred embodiment
of a transmitter section in a representative terminal unit of the
invention; Figs. 5A to 5C are respectively waveform diagrams of a
synchronizing signal, a clock signal and a PN 40    code which are
transmitted from a terminal unit to the center unit through the up-link in
accordance with the invention; Fig. 6 is a circuit block diagram of a
preferred embodiment of a center unit of the invention; Figs. 7A to 7F are
respectively waveform diagrams of. various signals which are transmitted
from the center unit to the terminal units through the down-link in
accordance with the invention; 45    Figs. 8A to 8E are respectively
waveform diagrams of different phases of a PN code which Is generated in a
receiver section of the center unit of the invention; and Fig. 9 is a graph
of an auto-correlation function of the different phases shown in Figs. 8A
to 8E. Fig. 2 schematically illustrates a center unit 1 and a
representative terminal unit 2 of a bidirectional digital signal
communication system constructed in accordance with the invention. The
center unit 1 



5o comprises a transmitter 1a and a receiver 1b, and the terminal unit 2
comprises a transmitter 2a and a receiver 2b. The transmission data signal
from the transmitter la of the center unit 1 is supplied through a
high-pass filter H of a filter 4 and a transmission line or cable 3 to the
terminal unit 2. It then passes through a high-pass filter H of a filter 5
and is received and demodulated by the receiver 2b of the terminal unit 2.
The data signal from the transmitter 2a of the terminal unit 2 is supplied
through a low-pass filter L of the 55 filter 5 and the transmission cable 3
to the center unit 1. It then passes through a low-pass filter L of the
filter 4 and is received and demodulated by the receiver lb of the center
unit 1. These are the fundamental operations which are carried out in the
bidirectional digital signal communication system. In the case of
transmission of a data signal through up-link, in order to prevent
deterioration of the S/N 3    EP 0159 720 B1 (signal-to-noise) ratio due to
heat generated by a resistor in the last stage of the terminal unit 2,
etc., the data signal and a PN code are first multiplied with each other.
That is, the data is encoded in a spread spectrum. The encoded data is then
transmitted in the form, for example, of a PSK-modulated signal. In the
down-link, the signal may be PSK-modulated or may be modulated by frequency
shift keying, 5  amplitude shift keying, etc. In the center unit 1, data
from each of the terminal units 2 is collected by interrogating the
terminal unit 2 of each subscriber In a process generally called "polling".
The data collected may relate to the "ON" or "OFF" status of subscribers'
television receivers, selected channel Information, etc. Figs. 3A to 3C
respectively illustrate examples of various signals transmitted through the
down-link. Fig. 10 3A illustrates an example of a bit clock with the
frequency fb;Fig. 3B illustrates an example of the data, including frame
synchronizing signals; and Fig. 3C Illustrates an example of a frame
synchronizing pulse Included in the frame synchronizing signals of Fig. 3B.
The data transmitted through the down-link is used in the polling of each
terminal unit 2, and since each terminal unit 2 is always in the
demodulation mode, the bit clock and the frame synchronizing pulse are
continuously reproduced at each of the terminal units 2. is The center unit
1 and each of the terminal units 2 thus have a bit clock and a frame
synchronizing pulse which are identical in frequency but different in phase
because of the propagation delay time, which depends mainly on the length
of the transmission cable 3 but also on environmental factors such as
temperature. In a bidirectional digital signal communication system using a
spread spectrum, it is necessary that the 20  receiver 1b of the center
unit 1 accurately synchronize the position (phase) of a code pattern of a
received signal and the pulse repetition rate or frequency of the bit
clock, both of which are transmitted from the terminal unit 2, with those
of the reference signal in the receiver 1 b of the center unit 1. However,
the process of synchronization requires 9 predetermined time; and, if the
synchronization process Is carried out each time the polling of the
terminal unit 2 Is conducted by the center unit 1, the 25 amount of data
receivable from the terminal units 2 Is substantially reduced, so that the
transmission efficiency is lowered. Figs. 4 to 9 illustrate the structure
and function of a preferred embodiment of apparatus in accordance with the
invention. Fig. 4 shows the transmitter 2a provided in each terminal unit
2. In Fig. 4, reference numeral 11 30 designates an input terminal to which
a data signal is supplied. The data supplied to the input terminal 11 may
represent the "ON" or "OFF" status of the associated television receiver,
selected channel information, etc. The signal data at the input terminal 11
is supplied to one input terminal of a multiplier 12. The multiplier 12 is
supplied at the other input terminal thereof with a PN (pseudo-noise) code
(see Fig. 5C) produced from an output terminal QO of an M-sequence code
generator 13 which Is used as a PN code 35  generator. The generator 13
includes a shift register 13a that is shifted by a clock signal (see Fig.
SB, which Is not to the same scale as Fig. 3A) with frequency of (err)
(err) 40 (m and n are each integers). As a result, the multiplier 12
produces at its output a data signal spread with the PN code. This data
signal Is supplied to one input terminal of a multiplier 15. The multiplier
15 Is supplied at its other input terminal with -a carrier which is
generated by a carrier generator 16. The data is 



thus modulated on the carrier. The modulated.data signal from the
multiplier 15 is supplied to and amplified 45  by a transmitting circuit
17, which transmits the amplified signal from an output terminal 18 over a
transmission cable 3 or the like (Fig. 2) to the receiver 1b of the center
unit 1. If N is the number of stages of the shift register In the
M-sequence code generator 13 serving as the PN-code generator, 2 - 1 bits
is the length of the maximum sequence generated. The shift register 13a in
the M-sequence code generator 13 is formed of D-type flip-flops of, for
example, three stages and a logic 50 circuit which feeds back a logic value
representative of the state of predetermined stages to the input terminal
Si of the shift register 13a. The logic circuit comprises an exclusive-OR
gate 13b (hereinafter referred to as an XOR gate) having inputs connected
(in the example) to the Q1 and Q3 outputs of the shift register 13a. As
explained in connection with the table below, the M-sequence code generator
13 generates a modulo-7 M-sequence code in which one cycle is represented
as "1110100" (Fig. 5C). The "velocity" of 55 the PN code, or the frequency
of the clock signal supplied from a terminal 14 to the clock terminal CK of
the shift register 13a, Is set at 4    EP 0 159 720 B1 (err) and the
initial phase of the PN code is set at a time determined by the frame
synchronizing pulse (Fig. 5A) 5  which is supplied from a terminal 19 to
the load terminal L of the shift register 13a. More specifically, during a
period In which the frame synchronizing pulse (Fig. 5A) is supplied from
the terminal 19 to the load terminal L of the shift register 13a, the clock
signal (Fig. 5B) is supplied from the terminal 14 to the clock terminal CK
of the shift register 13a. In synchronism with an edge, for example the
rising edge, of the clock signal, a predetermined preset signal, for
example "111", Is set at preset terminals 10 A, B and C of the shift
register 13a. Thus, the frame synchronizing pulse and the PN code of the M-
sequence code generator 13 coincide with each other In phase, as Fig. 5
shows. Times t, and t2 are respectively times when the shift register 13a
is preset by the frame synchronizing pulse as described above. The output
of an XOR gate output is high if one and only one input is high. Otherwise,
the output of an 15 XOR gate is low. the states of the Q1, Q2, Q3 outputs
of the shift register 13a and of the inputs and outputs of XOR gate 13b are
therefore as shown in the following table: TABLE 20 States of
Inputs to        Output of (err)  XOP gate 13b  XOR gate 13b Initial
(err)         1,1                0 after clock pulse 1           oil
0,1              1 (err)    2       101              1,1                0
(err)    3     010              0,0                0 (err)4 001
0,1 (err) (err) (err)  7  111           (err)              0 30 As the
table and Fig. 4 indicate, the successive outputs of the XOR gate 13b are
shifted into the SI terminal of the unit register 13a and through the shift
register 13a one stage at a time with each clock pulse supplied from the
terminal 14 to the Input terminal CK. 35     Thus after seven clock pulses
the shift register 13a is returned to its initial state. The Q3 output
thereof therefore repeatedly produces the output 1110100, as shown in the
table and in Fig. 5C. The data spread with the PN code is transmitted over
the up-link 3 to the center unit 1 in which It is de- spread from the PN
code and then demodulated to the original data. Fig. 6 shows a preferred
embodiment of the circuit arrangement of the center unit 1. The center unit
40 comprises the transmitting section 1 a and the receiving section 1b
briefly described above in connection with Fig. 2. The transmitting section
1a includes a data generator 23 and a frame synchronizing signal generator
24. A data signal (Fig. 7D) and a frame synchronizing signal (Fig. 7C) are
respectively extracted 



from the data generator 23 and the frame synchronizing signal generator 24
by a bit clock (see Fig. 7A, which is not to the same scale as Fig. 5B)
with frequency fb generated by a timing signal generator 26. The 46 data
signal and frame synchronizing signal thus extracted are supplied to a
multiplexer 25. The multiplexer 25 is switched between the data signal and
the frame  synchronizing signal by a switching signal (Fig. 7E) generated
by the timing signal generator 26 and produces a signal (Fig. 7B) which
then is supplied to a PSK-modulator 27. The signal from the multiplexer 25
as modulated by the PSK-modulator 27 is supplied through a high-pass filter
portion H of the filter 4 and transmitted over the transmission cable 3 to
the 50 terminal unit as described above. A data signal received by the
center unit from the terminal unit is supplied through a low-pass filter
portion L of the filter 4 to one input terminal of a multiplier 29. The
other input terminal of the multiplier 29 is supplied with a PN code for
de-spreading the data transmitted from the terminal unit. The output from
the multiplier 29 is supplied to a demodulator 30, and the data demodulated
thereby is supplied to an output 56 terminal 31. Thereafter, though not
shown, the demodulated output is supplied to a level control circuit in
which the level control of "I " and "0" is carried out on the basis of a
bit clock which Is reproduced from the demodulated output. The transmitted
data is thus restored to the original data. The receiving section 1b is
provided with an M-sequence code generator 32 comprising a shift register
EP0  169 720 B1 (err) 32a and an XOR gate 32b. The generator 32a is similar
to the M-sequence code generator 13 (Fig. 4) of the terminal unit. Preset
data of 3 bits is set in preset terminals A, B and C of the shift register
32a by a control circuit 33 at a time determined by a frame synchronizing
pulse PF (Fig. 7F) generated by the timing signal generator 26. The control
circuit 33 Is operated so that when the detection level of a level detector
35 5  connected to the output of the multiplier 29 becomes maximum, the
data then appearing at the preset terminals A, B and C of the shift
register 32a is stored In a memory 34. The data so stored is used as an
address for the succeeding polling of the terminal unit. During such
succeeding polling, the address data stored in the memory 34 is read out
and supplied via the controller 33 to the shift register 32a thereby
presetting the shift register 32a so that the time necessary for
establishing synchronization is reduced. io  Since the shift register 32a
is shifted by a clock signal with the frequency n x f 15 produced by the
timing signal generator 26, a PN signal as shown in Fig. 8A is developed at
its output terminal Q3. Further, since the transmission delay time between
the center unit and the terminal unit can assume (within limits) a random
value, not only must the sequence of the received and locally generated PN
codes be matched with each other, but also a fine phase adjustment must be
made to compensate for the time 20  required for the transmission of the
received PN code. For this reason, a shift register 36 whichis formed of
D-type flip-flop circuits arranged In four stages is connected to the
output of the shift register 32a. The shift register 36 is shifted by a
clock signal with a frequency of (err) 25
(err) generated by the timing signal generator 26. The outputs from the
terminals Q1, Q4, Q3 and Q4 of the shift register 36 are respectively shown
in Figs. 8B to 8E. Successive ones of these outputs are phase shifted by an
amount equal to one-quarter of a bit and are respectively supplied to a
switching circuit 37. The 30 switching circuit 37 has preset terminals D
and E and, after the switching circuit 37 is preset by the controller 33,
the state of the switching circuit 37 is changed on the basis of the
address data. Accordingly, relative to the data spread with the PN code
supplied to one input terminal of the multiplier 29, the phase of the PN
code supplied to the other input terminal of the multiplier 29 is displaced
in turn as shown in Fig. 8. This is accomplished as the controller 33
sequentially switches the switching circuit 37. 35 The PN code produced by
the switching circuit 37 Is supplied to the second input terminal of the
multiplier 29, and the signals supplied to the two input terminals of the
multiplier 29 are multiplied with each other. The output of the multiplier
29 is then detected by the level detector 35, and the value of the data to
be preset in the shift register 32a and the switching circuit 37 in order
to maximize the level of the output from the multiplier 29 is stored in the
memory 34 as an address to be used on the next occasion when polling in 4o
accordance with the serial number of each terminal unit and under the
control of the controller 33 is carried 



out. When polling is carried out after the above-described processing is
completed for all of the terminal units, the controller 33 causes the
appropriate address data from the memory 34 to be set in the shift register
32a and the switching circuit 37. The locally generated PN code (derived
from the switching circuit 45 37 as described above) and the data from each
terminal unit are multiplied with each other in the multiplier 29. That is,
the locally generated PN code is delayed by a time sufficient to eliminate
or minimize the phase difference between it and the identical PN code which
is transmitted from the terminal unit. Thus, the time required for
establishing the synchronization is reduced. Since the phase of the PN code
can be adjusted in increments of 114 bit as mentioned above, the so
maximum correlation loss (err)= 1.15 (1.15dB), as shown in Fig. 9. This
loss is minor and causes no particular problem. Since the sequence and the
phase of the PN code corresponding to each terminal unit are stored in the
center unit (broadcasting station side), synchronization can be established
at high speed. The above-described synchronization establishment and the
writing of the sequence and phase of the 55 PN code in the memory can be
carried out several times a day for the purpose of compensating for changes
in the delay time due to external factors such as temperature and so on. In
accordance with the invention, the data spread with the PN code is
transmitted at least over in the up-link, on the basis of the synchronizing
signal transmitted over the down-link. The PN code of the    EP 0 159 720
B1 maximum level and the data corresponding to the phase thereof in the
up-link are stored in the memory 34 and thereafter used as the address data
for each terminal unit during the next polling procedure so that the time
required to establish synchronization is reduced and the data is
transmitted efficiently. Thus there is provided in accordance with the
invention a novel and highly-effective bidirectional digital 5  signal
communication system especially adapted for use in transmitting a digital
signal through a CATV (cable television) transmission line and similar
communication links. Many modifications of the preferred embodiment of the
invention described above will readily occur to those skilled in the art
upon consideration of this disclosure. For example, the phase of the PN
code can be adjusted by the switching circuit 37 in Increments other than
114 bit, thereby adjusting the maximum to correlation loss. Accordingly,
the invention is to be construed as Including all structure that falls
within the scope of the appended claims. Claims 15 1. A bidirectional
digital signal communication system including a plurality of terminal units
(2) in communication with a center unit (1), - wherein each of said
terminal units comprises: -- signal generating means (11) for generating
digital data spread with a pseudo-noise (PN) code; - modulating means (15,
16) for modulating said digital data on a carrier; and 20          -- means
(3) for transmitting said modulated digital signal to said center unit; -
and wherein said center unit comprises: -- receiving means (4) for
receiving said modulated digital signal; -- a PN code generator (32) for
generating a PN code which corresponds to the PN code of one of said
terminal units; 25          -- a multiplier (29) responsive to said
receiving means and said PN code generator to produce a digital signal
despread from said PN code; and -- demodulating means (30) connected to
said multiplier to reproduce the digital data from said modulated digital
signal; characterized In that said center unit further comprises: 30
-- a detector (35) for detecting the maximum level of the digital signal
from said multiplier and producing a corresponding level indication signal;
and -- presetting means including a memory (34) for storing a preset code
for each of said terminal units for presetting said pseudo-noise code
generator with said preset code for an actually addressed terminal unit In
response to said level indication signal. 35 2. A bidirectional digital
signal communication system according to claim 1; in which said PN code 



generator (32) comprises a shift register (32a) and an exclusive-OR gate
(32b), said shift register having a signal input terminal and a plurality
of Q output terminals, and said exclusive-OR gate being responsive to said
Q output terminals and supplying a signal to said signal Input terminal,
whereby said 40     shift register generates said PN code. 3. A
bidirectional digital signal communication system according to claim 2; in
which said PN code is an M-sequence code. 45  4. A bidirectional digital
signal communication system according to any one of the claims 1-3; further
comprising a shift register (36) for producing a plurality of phase-shifted
PN code signals and switching means (37) connected to said shift register
(36) and selectively supplying one of said plurality of phase- shifted PN
code signals to said multiplier (29). so  6. A bidirectional digital signal
communication system according to claim 4; in which the switching position
of said switching means (37) is stored in said memory (34) in response to
the level indication signal. 6. A bidirectional digital signal
communication system. according to claim 4; further comprising means (26)
55     for supplying said PN code-shift-register (32a) and said other shift
register (36) with respective clock signals, the clock signal supplied to
said other shift register (36) having a frequency which is higher than that
of the clock frequency supplied to said PN-code-shift register (32a). 7
EP 0 159 720 B1            (err) (err) maximum level and the data
corresponding to the phase thereof in the up-link are stored In the memory
34 and thereafter used as the address data for each terminal unit during
the next polling procedure so that the time required to establish
synchronization is reduced and the data is transmitted efficiently. Thus
there Is provided in accordance with the invention a novel and
highly-effective bidirectional digital 5  signal communication system
especially adapted for use in transmitting a digital signal through a CATV
(cable television) transmission line and similar communication links. Many
modifications of the preferred embodiment of the invention described above
will readily occur to those skilled in the art upon consideration of this
disclosure. For example, the phase of the PN code can be adjusted by the
switching circuit 37 in Increments other than 1/4 bit, thereby adjusting
the maximum 10 correlation loss. Accordingly, the invention is to be
construed as including all structure that falls within the scope of the
appended claims. Claims 15 1. A bidirectional digital signal communication
system including a plurality of terminal units (2) in communication with a
center unit (1), - wherein each of said terminal units comprises: signal
generating means (11) for generating digital data spread with a
pseudo-noise (PN) code; -- modulating means (15, 16) for modulating said
digital data on a carrier; and 20          -- means (3) for transmitting
said modulated digital signal to said center unit; - and wherein said
center unit comprises: -- receiving means (4) for receiving said modulated
digital signal; -- a PN code generator (32) for generating a PN code which
corresponds to the PN code of one of said terminal units; 25          -- a
multiplier (29) responsive to said receiving means and said PN code
generator to produce a digital signal despread from said PN code; and --
demodulating means (30) connected to said multiplier to reproduce the
digital data from said modulated digital signal; characterized In that said
center unit further comprises: 30        - a detector (35) for detecting
the maximum level of the digital signal from said multiplier and producing
a corresponding level indication signal; and -- presetting means including
a memory (34) for storing a preset code for each of said terminal units for
presetting said pseudo-noise code generator with said preset code for an
actually addressed terminal unit in response to said level indication
signal. 35 



2. A bidirectional digital signal communication system according to claim
1; in which said PN code generator (32) comprises a shift register (32a)
and an exclusive-OR gate (32b), said shift register having a signal input
terminal and a plurality of Q output terminals, and said exclusive-OR gate
being responsive to said Q output terminals and supplying a signal to said
signal input terminal, whereby said 40     shift register generates said PN
code. 3. A bidirectional digital signal communication system according to
claim 2; in which said PN code is an M-sequence code. 45  4. A
bidirectional digital signal communication system according to any one of
the claims 1-3; further comprising a shift register (36) for producing a
plurality of phase-shifted PN code signals and switching means (37)
connected to said shift register (36) and selectively supplying one of said
plurality of phase- shifted PN code signals to said multiplier (29). 50  5.
A bidirectional digital signal communication system  according to claim 4;
in which the switching position of said switching means (37) is stored in
said memory (34) in response to the level indication signal. 6. A
bidirectional digital signal communication system according to claim 4;
further comprising means (28) 55     for supplying said PN
code-shift-register (32a) and said other shift register (36) with
respective clock signals, the clock signal supplied to said other shift
register (36) having a frequency which is higher than that of the clock
frequency supplied to said PN-code-shift register (32a). 7    EP 0 159 720
B1             (err) 7. A bidirectional digital signal communication system
according to any one of the preceeding claims; further comprising a
transmission line connecting said terminal units (2) with said center unit
(1). 8  A bidirectional digital signal communication system according to
claim 7; in which said transmission 5     line is a cable television
transmission line. 9. A bidirectional digital signal communication system
according to any one of the preceeding claims; in which said modulating
means (15,16) produces a PSK-modulated carrier. 1O  10. A bidirectional
digital signal communication system according to claim 9; in which said
demodulating means (30) comprises a PSK demodulator. Revendlcatlons 15  1.
Systhme de transmission bidirectionnelle de signaux numdriques incluant une
pluralitd d'unit~s termina- les (2) en communication avec une unit4
centrale(l), dans loquel chacune desdites unitds terminates comprend: un
moyen gendrateur de signaux (11) pour gindrer des donnees numeriques
6taldes avec un code de pseudobruit (PB); i \-.~20     un moyen modulateur
(15,16) pour moduler lesdites donnees numeriques sur une onde porteuse; et
un moyen (3) pour 6mettre ledit signal num6rique modul4. vers ladite unit6
centrale; et dens lequel ladite unit6 centrale comprend: un moyen r~cepteur
(4) pour recevoir ledit signA num~rique modui6; 25        un gdn~rateur de
code PB (32) pour g6nerer un code PB qul correspond au code PB d'une
desdites unit6s terminales; un multipllcateur (29) r~pondant audit moyen
recepteur et audit g~n~rateur de code PB pour produire un signal numerique
d~s6tal6 par rapport audit code PB; et un moyen d6modulateur (30) connect"
audit multiplicateur pour reproduire les donn6es num~riques 30     b partir
dudit signal num6rique modul6; caract~ris6 en ce que ladite unit6 centrale
comprend en outre: un d~tecteur (35) pour detecter le niveau maximal du
signal numerique provenant dudit multiplica- teur et pour produire un
signal indicateur de niveau correspondant; et un moyen de pr~d~finition
incluant une memoire (34) pour la memorisation d'un code pr6ddflni 35
pour chacune desdites unit6s terminates pour le pr6positionnement dudit
g~n6rateur de code de pseudo-bruit avec ledit code pr~ddfinl pour une unite
terminale effectivement adress~e en r~ponse audit signal indicateur de
niveau. Y_.   2. Systhme de transmission bidirectionnelle de signaux
num~riques selon la revendication 1, dans loquel 



40    ledit gendrateur de code PB (32) comprend un registre A decalage
(32a), at une porte OU-exclusif (32b), ledit registre A ddcalage ayant une
borne d'entr4e de signaux et une pluralIlt de bomes de sortie a, et ladite
porte OU-exclusif rdagissant aux signaux desdites bornes de sortie Q et
fournissant un signal a ladite borne d'entr~e de signaux, ledit registre a
d~calage g6n~rant ainsi ledit code PB. 45 3. Systbme de transmission
bidirectionnelle.de signaux numeriques selon la revendication 2, dans
laquel ledit code PB est un code de s~quence M.  . 4. Systbme de
transmission bidirectionnelle de signaux num6riques salon I une quelconque
des revendi- cations 1 & 3, comprenant en outre un registre & d~calage (36)
pour produire une pluralite de signaux so     de code PB d6phas~s et un
moyen commutateur (37) connect audit registre a d6calage (36) et
fournissant sdlectivement un de laditb plurallt6 de signaux de code PB
d6phasms audit multiplicateur (29). 5. Systbme de transmission
bidirectionnelle de signaux numdriques selon la revendication 4, dans
loquel s5    la position de commutation dudit moyen commutateur (37) est
m~morisde dans ladite m6molre (34) en r~ponse au signal indicateur de
niveau. 6. Systbme de transmission bidirectionnelle de signaux num~riques
selon la revendication 4, comprenant    EP 0 159 720 B1          |||lISIIl
l    liIIl lI * en outre un moyen (26) pour fournir audit registre b
docalage de code PB (32a) et audit autre registre b d~calage (36) des
signaux d'horloge respectifo' le signal d'horloge fourni audit autre
registre a ddcalage (36) ayant une frequence qui est supdrIeure A la
frequence du signal d'horloge fourni audit registre a decalage de code PB
(32a). 5 7. Systbme de transmission bidirectionnelle de signaux numnriques
selon l'une quelconque des revendl- cations 1 a 6, comprenant en outre une
ligne de transmission connectant lesdites unitks terminales (2) A ladite
unite centrale (1). tO  8. Systeme de transmission bidirectionnelle de
signaux numeriques selon la revendlcatfon 7, dans lequel ladite ligne de
transmission est une ligne de transmission de tdiddistribution. 9. Systeme
de transmission bidirectlonnelle de signaux num6riques selon lNune
quelconque des revendi- cations I & 8, dans loquel ledit moyen modulateur
(15,16) prodult une onde porteuse modulee par is     modulation par
d~placement de phase (PSK). 10. Systeme de transmission bidirectionnelle de
signaux numeriques selon la revendication 9, dans lequel ledit moyen
d~modulateur (30) est constitu6 par un d6modulateur PSK. 20
PatentansprUche 1. Kommunikationssystem fNr bidirektionale Digitalsignale,
mit mehreren Datenendstellen (2), die mit einer zentralen Einheit (1) in
Verbindung stehen, - wobei jede Datenendstelle folgendes aufweist: 25
-- elne Signalerzeugungseinrichtung (11) zum Erzeugen eines digitalen
Signals, das mit Hilfe eines Pseudorauschkodes (PN) gespreizt ist; -- eine
Moduliereinrichtung (15, 16) zum Aufmodulieren der digitalen Daten auf
eonen Triger; und -- elne Einrichtung (3) zum Obertragen des modullerten
digitalen Signals an die zentrale Einheit, - und wobei die zentrale Einhelt
folgendes aufweist: 90         -- elne Empfangseinrichtung (4) zum
Emptangen des modullerten digitalen Signals; -- elnen PN-Kode-Generator
(32) zum Erzeugen eines PN-Kodes, der dem PN-Kode einer der Datenendstellen
entspricht; -- elnen Multiplizierer (29), der auf die Empfangseinrichtung
und den PN-Kode-Generator an- spricht, um eln digitales Signal zu erzeugen,
das nicht mehr durch den PN-Kode gespreizt ist; 36          und -- elne
Demoduliereinrichtung (30), die mit dem Multiplizierer verbunden ist, um
die digitalen Daten aus dem modulierten digitalen Signal zu gewinnen;
dadurch gekennzelchnet, daB die zentrale Einheit weiterhin folgendes
autweist: -- einen Detektor (35) zum Ermitteln des maximalen Pegels des
digitalen Signals vom Multiplizie- 40          rer und zum Erzeugen eines
zugehdrigen Pegelanzeigesignals; und - eine Voreinstelleinrichtung mit
einem Speicher (34) zum Speichem elnes vorgegebenen Kodes ftr jede der
Datenendstellen, zum Voreinstellen des Pseudo-Rauschkode-Generators mit dem



vorgegebenen Kode fOr die jeweils tatslchlich adressierte Datenendstelle
auf das Pegelanzeiges- ignal hin. 45 2. Kommunikationssystem gemaB Anspruch
I flr bidirektionale Digitalsignale, bei dem der PN-Kode- Generator (32)
eln Schieberegister (32a) und join EXKLUSIV-ODER-Glied (32b) aufweist,
welches Schieberegister Ober einen Signaleingangsanschiu und mehrere
Q-AusgangsanschlOsse verfOgt, und wobei das EXKLUSIV-ODER-Glied auf die
Signale von den Q-AusgangsanschlUssen anspricht und ein 60     Signal an
den SignaleingangsanschluB liefert, wodurch das Schieberegister den PN-Kode
erzeugt. 3 Kommunikationssystem gemAt Anspruch 2 far bidirektionale
Digitalsignale, bei dem der PN-Kode ein M-Sequenz-Kode ist. s5  4.
Kommunikationssystem gemaD einem der AnsprOche 1 bis 3 far bidirektionale
Digitalsignale, das weiterhin ein Schieberegister (36) zum Erzeugen
mehrerer phasenverschobener PN-Kode-Slgnale und eine Schalteinrichtung (37)
aufwelst, die an das Schieberegister (36) angeschlossen Ist und wahlwelse
eines der mehreren phasenverschobenen PN-Kode-Signale an den MultiplIzierer
(29) liefert. 9    EP O 159 720 81         11111111 1 1111 11 IIID   111 C
L  M S* 5. Kommunikathonssystem gemnAi Anspruch 4 fUr bidirektionale
Digitalsignale, bei dem die Schaltstellung der Schalteinrichtung (37) auf
das Pegelanzeigesignai hin im genannten Speicher (34) gespeichert wird. 6.
Kommunikationssystem gemafl Anspruch 4 flr bidirektlonale DlgitalsIgnale,
das welterhin eine Elnrlch- 6      tung (28) zum Zuf~hren jewelliger
Taktsignale an das PN-Kode-Schieberegister (36a) und das andere
Schleberegister (36) aufwelst, wobel das Taktslgnal, das an das andere
Schleberegister (36) gellefert wird, eine hWhere Frequenz aufwelst, als sle
der Taktfrequenz entspricht, mit der das PN-Kode- Schieberegister (32a)
versorgt wird. tO  7. Kommunikationssystem gemllR elnem der vorangehenden
AnsprOche flr bidirektionale Digitalsignale, das welterhin Uber eine
Obertragungsleltung verfOgt, die die Datenendstellen (2) mit der zentralen
Einhelt (1) verbindet. 8. Kommunikationssystem gernflS Anspruch 7 fOr
bidirektionale Digitalsignale, bei dem die Obertragungs- 15     leltung
elne FemsehObertragungsleltung Ist. 9. Kommunikationssystem gemaB elnem der
vorangehenden AnsprUche, fOr bidirektionale Digitalsignale, bei dem die
Moduliereinrichtung (15, 16) einen PSK-modulierten Trtger erzeugt. Keo  10.
Kommunikationssystem gemaB Anspruch 9 fUr bidireklionale Digitalsignate,
bei dem die Demodulierein- richtung (30) einon PSK-Demodulator autweist. 23
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