
PATENT SPECIFICATION    (11)  1573 765 (21) Application No. 15665/77'  (22)
Filed 14 April 1977 (31) Convention Application No. 51/049 635
(19) (32) Filed 30 April 1976 in (33) Japan (JP) (44) Complete
Specification published 28 Aug. 1980 (51) INT [err]  H04J 3/06 (52) Index
at acceptance H4M   TSX1 (54) TIME DIVISION MULTIPLEX TRANSMISSION SYSTEM
(71)    We,   TERASAKI    DENKI  the system has been structured such that a
SAnGYO   KABUSHIKI  KAISHA,  a  pluraity of   are sequentially selec-  50
Japanese  corporation,  of 3-3, Showa-cho  ted each for a predetermined
time period while 5-chome, Abeno-ku, Osaka-shi, Japan, do  each transmitter
is adapted to transmit eight 5 hereby declare the invention, for which we
different digital signal. More specifically, pray that a patent may be
granted to us, and  when the first transmitter is selected, a parallel the
method by which it is  to be performed to  input signal of eight bit
positions is connected  55 be particularly described in and by the follow-
into a series signal of eight bit positions as a ing  statement:-
function of the dock pulses and is transmitted 10    The present invention
relates. to a time  on the data signal  trsmissionline. After trans-
division multiplex tranamission system.     mission  of the  data signal
for the first trans- A time division mutplex transmission sys-  mitter,
the second transmitter is selected and a  60 tem for data communication
among trans-  further data signal of eight bit.positions is mitters and
receivers in a syncnized manner  transmitted similarly. The data signal
trans- 15 has been proposed and put into practical use.  mitted by the
first transmitter is received by The data to be communicated may comprise
the corresponding first receiver controlled to a plurality of contact
signals obtainable  from   be mated therewith.   thereafter,  the second
65 limit switches relay contacts, push button     receiver is controlled to
be mated with the switches and the like or a plurality of output  second
transmitter to receive the second data 20  signals obtainable from a
semiconductor cir-     signal. Thus, data communication, i.e. trans- cuits
such as a transistor circuit and the like.  mission and reception of the
data signals,  is Such signals are often referred to as a digital  carried
out in sequence between the trans- 70 signal or a binary signal.
mitters and receivers.     After transmission and For the purpose of
synchronization in the  reception of the data signals by all the trans- 25
system, a train of dock pulses is utilized and  mitters and receivers in
the system is over, the the data is communicated in synchronism with  clock
pulses are discontinued for a given time the dock pulses. More
specifically, a typical  period, such that a train of dock pulses.is  75.
time division multiplex transmission system  followed by a predetermined
intermission comprises a plurality of transmitters and a  period. After the
lapse of that time period, the 30  plurality of receivers which are adapted
to be  dock pulses are again transmitted, whereby operable in synchroniam
with the clock  pulses       transmission and reception of the data signals
and a transmission path for interconnection  is carried out again in turn
starting from the  80 thereof. While the dock pulses are transmitted  first
transmitter  and receiver. on the transmission  path, transmitters and
The data signal transmission described in 35  recivers are  selected in
order and data is  the foregoing starting from the first selected
transmitted and received between the selected  transmitter  and receiver
and ending at the transmitter and receiver.                     finally
selected transmitter and receiver is 85 Fig. 1A shows wave forms of a train
of  referred to as one, data singal transmission lock pulses and a train of
data signals on an  cycle. With particular reference to Fig. 1b,  it 40
enlarged time.scale, while Fig. lB shows wave  Will be appreciated that
such a data signal forms of the same dock pulses and data signals
transmission cycle is carried out repeatedly, on a reduced time scale. It
is pointed out that  with intermission of data communication for a  90 the
Fig. 1A graph is aimed to show in detail  given time period therebetween.
More specific- the data to be transmitted only from a few   ally, continual
connection is not made between 45  transmitters, whereas the Fig. 1B graph
is  each input terminal of the transmitter and the aimed to show the data
to be transmitted by all  corresponding output terminal of the receiver,
the transmitters in the system. With particular  but rather intermittent
connection of each  95 reference to Fig. lA, it will be appreciat  that
input and output out of a plurality of inputs    2
1,573,765                                         2 and outputs takes
place, in turn, for  a given   which complicates the circuit configuration
of time period. In other words, time is divided  the system but
nevertheless leaves it subject to so as to be assigned to each input and
output,  disturbance. so that the same transmission line is shared to    it
is thus desirable to avoid these problems 5 perform the tranission and
reception of the  by separately transmiting clock pulses to the  70 data
signal between each input and output out  transmitters and receivers, and
it is also desir- of a plurality of inputs and outputs.       able to
provide a way in which disturbance of 



The system thus desibed for communicat-  or interference with the clock
pulses can be ing a plurality of data signals by the use of a  avoided or
reduced. 10  common transmission line using time division     In accordance
with the invention there is  75 is  referred to as a time division mutiplex
provided a time division multiplex transmission transmission  system
system comprising: In a typical conventional  time division multi-    data
signal transmission path means; plex tranission system, a clock pulse
genera-    clock pulse  transmission  path means; 15  tor for generating
clock pulses for control of  neans for separately and concurrently trans-
80 time division is provided in each of the trans-. mitting along said
clock pulse transmission mitters and receivers.    alternatively,  a system
path means first and second trains of duck is structured such that the
clock pulses are  pulses, the pulses of said first and second trans
generated in each of the transmitters  and    having opposite phases; and
20  receivers by the use of a carrier wave of the  at leat one transmitter
and at least one  85 data signal. However, since the conventional  receiver
between which data can be communi- system has no independent clock pulse
trans-  cated along said data signal transmission path mission line, it
suffers from  various short-  means.   the or each transmitter  and
receiver comings.                                         being  connected
to said clock pulse trans- 25 Firstly, since each of the transmitters and
mission path means and being arranged to be 90 receivers in a conventional
system comprises a  synchronized in their operation by synchroniz-
respective inherent oscillator used as a clock  ing pulses derived from the
difference between pulse generator,. lack  of stability  of the  the values
of said  first and second trains of characteristics of the respective
oscillators with  clock pulses. 30 respect to the ambient conditions, such
as    In  the preferred  embodiment described  95 temperature,   humidity,
and the like causes  below, single phase synchronizing clock pulses
problems, if the phase of the clock pulses is are generated locally in the
respective trans- shifted because of variation of the respective   mitter
or receiver in response to the first and oscillation frequency,
synchronization of the   second   trains  of clock pulses transmitted 35
operation of the system cannot be maintained   through a clock pulse
transmission line which  100 and the system becomes inoperative.  on the
is separate from a data signal transmission line other hand, with the
system utilizing, the car-  and any disturbances  such as noise occurring
rier  wave of the data signal for the purpose of  in the clock pulse
transmission line can be synchronization, it is necessay to employ
eliminated  in the local generation of the single operations such as
modulation and demodula-    phase clock pulses in the respective
transmitter tion, which complicates the structure of the  or receiver.
Since the generated single phase system. Furthemore, the conventional
system        synchronizing clock pulses are immune to ex- is vulnerable to
failure of synchronization  be-  ternal disturbance  occurring in the clock
pulse cause of disturbance such as noise and the  transmission line,
improved synchronization 45  like.
can be achieved in the transmission system.       110 Another problem is
that since the switching  Preferably, the duration of each of said first
speed of channels for multiplex transmission   and second trains of clock
pulses covers a cannot be changed as desired with a conven-  plurality of
station selection time periods, such tional system, the switching speed is
fixed and   that in each period there is provided  a plurality 50  cannot
be adjusted.                          of clock pulses required for
communication of      115 A further problem encountered with a con-  said
data signal of said plurality  of bits.   A ventional system is that since
the number of  plurality of transmitters is provided,   each clock pulses
in each train of clock pulses can-  transmitter further comprising means
respon- not be adjusted, the number of digital signals  sive to said single
phase clock pulses for pro- 55 being communicated  for each transmitter-
viding. an enabling signal for identifying a pre- 120 receiver pair is half
way fixed and cannot be  determined  one of said station selection time
inased or decreased. Thus, with a  conven-     periods    to  be uniquely
alloted to the trans- tional system, expandibility of the  number of
mitter,  said delivering means being arranged  to digital signals being
processed for each data  be enabled in response to said enabling signal. 60
signal cannot be expected.                   Also, a plurality of receivers
is provided, each 125 Wth a conventional system, the data signal
receiver furier compising means responsive transmission and the reset
signal transmission  to said single phase clock   pulses for providing are
achieved by the' same transmission line.  an enabling signal for idifyng a,
pre- Therefore, it is necessary that  the system is  deteed one of said
station selection time 65  structured so as to discriminate such signals,
periods to be uniquely alloted  to the receiver, 130    3
1,573,765                                           3 said receiving means
being arranged to be     Fig. 3 shows in more detail the structure  of
enabled in response to said enabling signal. At  the  wave form  shaper 5
in the Fig. 1 least one pair comprising a preselected one of
embodiment; said plurality of transmitters and a preselected   Fig. 4 shows
the wave forms of the incoming 5  one of said plurality of receivers is
arranged  so   in-phase and opposite phase clock pulses to be 70 that said
preselected transmitter and said pre-   received by the wave form shaper 5
and the 



selected receiver  are preset to identify the same  output dock pulses from
the amplifier 5a; station selection time period, whereby said   Fig. 5A is
a detailed block diagram of the preselected transmitter and said
preselected     selection circuit  6 in the transmitters and 10  receiver
establish a mating relation druing the  receivers;
75 said same station selection time period for    Fig. 5B is a schematic
diagram  of one communication  of the data signai therebetween.
embodiment of the parallel/serial  converter 9; Preferably, the trnsmission
of said first and  Fig. 5C shows the wave forms of the station second
trains of clock pulses is interrupted for  selection signal c2 and the data
signal c3 with 15  a predetermined intennission time period after  respect
to the clock pulse c1;           80 each data signal transmission  cycle,
and each     Fig. 5d   is a schematic diagram  of one of said transmitters
and receivers further com-      embodiment. of the serial/parallel
converter prises means responsive to the occurrence of  10; a predetermined
intermission time period for    Fig. 6A is a detailed block diagram  of one
20  reuring to an initia condition said enabling          r of the
rectangular wave generator 85 signal providing means.  As. a result,
complete  la; synchronism  of all the transmitters  and    Rig. 6B shows
the wave forms of signals at receivers in the whole system can be achieved
various points in the Fig. 6A embodiment; with ease.
Fig. 7A is a block diagram of one embodi- 25    In a preferred embodiment
the number of  ment of the reset signal detector 14;         90 clock
pulses in one data signal transmission  Fig. 7B shows  the wave forms of
signals at cycle can be varied with ease, whereby the  various points in
the Fig. 7A embodiment; number of transmitter-receiver  pairs to be    Fig.
8A is a block diagram of bidirectional mated with each other in  said
transmission    multiplex transmission system  in accordance 30  cycle can
be varied with ease.                with the .present invention; and
95 Also in the preferred embodiment, station    fig 8B shows the wave forms
of signals at selection in the transmitters and receivers can  various
points in the Fig. 8A diagram. be achieved using similar circuit
configurations,    Fig. 1 is a block diagram of one embodi- with the result
that the circuit configuration of  ment of a time division multiplex
transmission 35  the whole system can be made simple.         system in
accordance with the present inven- 100 An advantage of the preferred
embodiment  tion. Referring to Fig. 1, the embodiment of the present
invention is that since the first  shown comprises a plurality of
transmitters 3a, and second trains of clock pulses are provided   3b ......
and a plurality of receivers 4a, by a generator which is common to the
whole 4b ........,  each being structured for communi- 40  system and the
single phase clock pulses are  cation of a daa signal of a plurality of
bits and 105 generated, in response to iese trains of clock   coupled to a
data signal transmission line 12 pulses, locally in each of the
transmitters and  and a clock pulse transmission line 2 connected
receivers, which single phase clock pulses are  to receive clock pulses
from a common clock utilized for synchronized multiplex operation in  pulse
generator 1. It is pointed out that the 45  the  respective transmitters
and  receivers,  transmitter 3a and the receiver 4a have been 110 stability
of the frequencies of the dock pulses  illustrated in some detail while the
remaining does not cause problems with the synchroniza-  transmitters and
receivers have been illustrated tion of the system.
in a simplified manner for faciity of illustra- An arrangement embodying
the invention  tion. Only a single common dock pulse genera- 50  will now
be described by way of example with  tor is provided in the whole system,
for main- 115 reference to the accompanying drawings, in  training
synchronization among the transmitters which:
and receivers. The clock pulse generator 1 is Fig. 1A shows the wave forms
of a train of  structured to generate a succession of clock clock  pulses
and a train of  data signals on an  pulse trains, each train including a
plurality of 55 enlarged time scale;                         station
selection time periods, each period  120 Fig. lB shows the wave forms of
the same  comprising the same predetermined number of clock pulses and data
signals on a reduced  dock pulses as the said plurality of bits. Pre- time
scale;                                 ferably, the clock pulse generator 1
is struc- Fig. 1 is a block diagram of one embodiment  tured such that the
number of clock pulses in 60 of a time division multiplex transmission sys-
each dock pulse train is variable and a pre- 125 tem in accordance with the
present invention;   determined intermission time period is pro- Fig. 2A is
a block diagram of the clock  vided between consecutive pulse trains. The
pulse generator 1;                          clock pulse generator 1 is
structured  to Fig. 2B shows the wave forms of signals at  generate
multiphase clock pulses or two-phase 65 various points in the Fig. 2A
diagram;       pulses. The clock pulse generator 1 may corn- 130    4
1,573,765                                       4 prise any type of
oscillator, such as a crystal  the parallel/serial converter 9  has been
re- oscilator, an RC oscillator, an astable multi-  placed by a
serial/parallel converter 10. The vibrator, or the like, wherein the
generated  serial/parallel converter 10 is responsive   to wave form is
converted to a rectangular wave  the enabling signal by way of the decoded
5  form.                                    Output of the decoder 8 to be
enabled to con- 70 



Fig. 2A is a block diagram of the dock pulse   vet the series bit signal
transmitted through generator I and Fig. ZB shows the wave forms  the data
signal transmission line. 12 into an of the signls at various points in the
Fig.2a    output of a plurality of paralel bits 13a,13b, diagram. Referring
to Fig. 2a, the clock pulse  13c ....   13n as a function -of the de- 10
generator 1  is arranged to provide two-phase   modulated clock pulses
obtainable from  the 75 clock pulses, i.e. clock pulses  of in-phase   wave
form shaper 5; It is pointed out that the and opposite-phase. To that end,
the generator  counter 7 and the decoder 8 constitutes a 1 shown comprises
a rectangular wave genera-  statin selection circit 6. tor. 1a, a buffer
amplifier 1c directly coupled  Fig. 3 shows in more detail the structure of
15 to the output of the rectangular wave generator  the wave fonm shaper 5.
referring  to Fig. 3, 80 1a, and another buffer amplifier 1d coupled  the
wave form shaper 5 typially comprises a through an inverter lb to the
output of the  differential  amplifier 5a, wherein the differen-
rectangular wave generator 1a.  The tectangular   tial voltage between the
said in-phase. clock wave fonm output obtainable from the rect-  pulses ql
and the opposite-phase clock pulses 20 angular wave generator la is
directly applied   q2 is amplified to provide  a single phase de- 85 to the
buffer amplifier 1c, and, through the    modulated synchronizing clock
pulse q3, inverter 1b applied to the buffer amplifiers 1d.   according to
the embodiment shown, any noise With simultaneous reference to Fig. 2B, the
coming into the clock pulse transmission line rectangular wave generator
serves to generate  2 appears with the same polarity in  both the 25 a
rectangular wave form p. The in-phase clock  in-phase  clock  pulse
transmission line and the  90 pulse q1  is obtained by amplifying the said
opposite-phase clock pulse transmission line, rectangular wave form with
the buffer ampli-  so that the noise components on both trans- fier 1c,
while the opposite-phase clock pulse  mission lines offset each other, with
the result q2 is obtained by inyerting the polarity of the  that the noise
has no influence  on the output 30 said rectangular wave form  through the
in-  wave form from the wave form shaper 5.     95 venter 1b and by
amplifying the output from.   More specifically, fig 4 shows the wave the
inverter lb with the buffer amplifier 1d.  forms  of the incoming in-phase
and opposite- the two-phase  clock  pulses thus generated  phase clock
pulses to be received by the by the generator 1 are transmitted through the
differential  amplifier 5a and the output clock 35 clock pulse transmission
line 2 provided as a  pulse from the amplifier 5a.; Referring to Fig. 100
special purpose line.  the clock pulse trans-   4, the wave forms are shown
comprising  a mission line 2 of the embodiment shown com-    noise
component  occuring  with the  same prises two lines for transmission of
the in-phase  polarity in both the in-phase and opposite- dock qi and the
opposite-phase clock q2. The  phase clock  pulses (a) and (b),
respectively. 40 two-phase clock pulses thus transmitted  are  however,  a
well-shaped   single phase de- 105 received by the transmitters 3a, 3b,
....... and  modulated synchronizing clock pulse (c) is receivers 4a, 4b
........ Now returning to Fig.  obtained by means of the wave form shaper 5
1, the transmitter 3a is shown comprising a  with the noise component
removed. wave form shaper 5 for processing the said two-    Fig. 5A shows a
detailed block diagram of 45 phase clock pulses for the purpose of de-  the
station selection circuit  6 in the trans-    110 modulating the original
trains of clk pulses,  mitters  and receivers. As described  previously, a
counter 7 for counting the number of clock  the station selection circuit
comprises the pulses in each dock pulse train, a reset signal  counter 7
and the decoder 8 as major elements. detector 14 responsive to the
succession of  Referring to Fig. 5A, the counter 7 is shown 50 clock pulse
trains to detect the intermission    as comprising a seven-digit binary
counter  by 115 time period between consecutive dock pulse  way of an
example, the three least significant trains to provide a reset signal to
the counter  bit positions forming a first counter means for 7, a decoder 8
coupled to the counter 7 for  counting clock pulses, and the four more
decoding the count output of the counter 7  significant bit positions
forming  a second 55 for generating an enabling signal identifying a
counter means for counting station  selecion 120 predetermined station
selection time period  time periods.   The decoder 8 is: shown as com-
uniquely allotted to its own transmitter  3a, and prising  a binary-decimal
converter for con-. a paralle/serial converter 9 responsive to the verting
the four-bit binary number in the enabling signal by way of the decoded
output  second counter means formed by the four more 60 from the decoder 8
to be enabled to convert  significant bit positions in the counter 7 into
125 an input of a plurality of parallel  bits 11a, 11b,    decimal numbers
0 through 15 of  individual 11c ....11n into a series bit signal as a func-
parallel bit outputs. referring  to  Fig. 5A, the tion of the demodulated
clock pulses. The  block 9 (10) is shown to indicate either the receiver 4a
is of substantially the same struc-  parallel/serial converter 9 of a
transmitter or 65 ture as that of the transmitter 3a, except that the
serial/parallel converter 10 of a receiver, 130    5
1,573,765                                            5 as the case may be.
More specifically, the out-  each time eight single phase dock pulses are
puts from the bit positions 3 through 6, i.e.   received thereby.
Acordingly, the station selec- the fourth trough seventh bit positions, of
the   tion signal is kept supplied to he converter    9 counter 7 are
connected,  in parallel fashion to  or 10 for a station  selection time
period during 



5  the decoder 8, such  at the contents in the  which  eight  clock pulses
are received by the  70 bit positions 3 through 6 of the counter 7 may
counter 7. In other words, each time eight be converted into a decimal
number to be   dock pulses are transmitted , the transmitters represented
as the corresponding one of the   and receivers are selected in turn. The
order. individual decimal number outputs from the   of selection of the
stations is determined by 10  decoder 8.
which decimal number output of the decoder  75 It will be appreciated  that
the contents in   8 is selectively connected to the parallel/serial the bit
positions 3 through 6, i.e. the fourth   converter 9 or the serial/parallel
converter 10. through seventh bit positions, of the counter 7  Fig. 5B is a
schematic diagram  of one change each time eight single phase dock
embodiment of the parallel/serial converter 9. 15  pulses q3 are received
by ie counter 7. In the   The converter 9 shown comprises an AND   80 case
where the contents in the bit positions 3   gate 9a connected to receive
the single phase through 6 of the counter, are all logic zero, the   clock
pulses and the station selection signal to output from  the decimal number
0 of the   provide a train of clock  pulses if and when the decoder 8
becomes logic one, while. the remain-     station selection signal is
received, a switch 20  ing decimal number outputs of the decoder 8   9b
having a plurality of stationary contacts 90, 85 are all logic zero. In the
case where the bit  91, 92 ...97 connected to a plurality of position 3 of
the counter 7 becomes logic one   bit .parallel inputs 11a,  11b, l1bc
....... 1lh, while the bit positions 4 through  6 of the   respectively,
and a movable contact switcheble counter 7 become logic zero, the outputs
from   in turn to the respective stationary  contacts as 25  the deccimal
number 1 of the decoder 8 be-   a function of the incoming clock pulses,
and  90 comes logic one while the remaining decimal  an AND gate 9c
connected to receive the out- number outputs of the decoder 8 are all logic
put from the movable contact of the witch zero. similarly,  in the case
where the bit posi-  9b and the station selection signal so as to tion 4
of. the counter 7 becomes logic one   deliver the output to the data signal
trans- 30  while the bit positions 3, 5 and 6 become   mission line 12 from
the movable contact of  95 logic zero, the output from the decimal num-
the switch 9b if and when the station selection ber 2 of the decoder 8
becomes logic one while  signal is received. the remaining decimal number
outputs of the    In operation, when. a station selection signal decoder 8
are all logic zero. In other words,  is obtained from the e station
selection  circuit 6 35  regarding the contents in the bit positions 3
implemented by the decoder 8 and the counter 100 through 6 of the counter 7
as a four-bit binary   7, the AND gate 9a is enabled, whereby the number,
the said binary number is converted   switch 9b becomes operative in
synchronism into a decimal number by way of the corres-   with the clock
pulses, so that the switch 9b is ponding one of a plurality of individual
bi   turned sequentially to the stationary contacts 40  parallel decimal
number outputs 0 through 15,  90 through 97, thereby to withdraw the input
105 whereby only one of the decimal number out-  signals received by the
input terminals Ila puts of the decoder 8 corresponding to the  through
11h, respectively. Since the AND gate conveteddecimal value becomes
logicone,   9c has also been enabled, the input signals while the re  ing
decimal number outputsof   1la through 1lh are sequentially transmitted 45
the decoder 8 all become logic zero. A pre-   over the data signal
transmission line 12 as the 110 determined  one of these bit parallel
decimal  switch 9b is turned to the respective stationary number outputs of
the  decoder 8 is in advance   contacts  90 through 97, respectively. If
and uniquely selected or allotted to each of the   when eight clock'pulses
have been received, transmitters and receivers, so that the said. the
station  selection  signal is no longer 50  preselected decimal number
output is applied   obtained from the corresponding decimal num-    115 to
the converter  9 or 10 as an enabling signal  ber output of the decoder 8,
which means that thereof. In the embodiment shown in Fig. 5A,  the station
in question is not selected. Instead, the output of the decimal number 2 of
the   another station is selected in the same manner. decoder 8 has been
preselected. Therefore, the    fig. 5C shows the wave forms of the station
55  decimal, number output 2 of the decoder 8   selection signal c2 and the
data signal c3 with 120 becomes logic one in the case where the bit
respect to the clock pulses cl. position 4, i.e. the fifth bit position, of
the  In the foregoing, a case was described where counter 7 becomes logic
one while the bit  a plurality of bit parallel digital signals 1la
positions 3, 5 and 6 become logic. zero, where-  through 11h are applied to
the parallel/serial 60  by the parallel/serial converter 9 or the serial/
converter 9 in the selected transmitter 3 and 125 parallel converter 10
receives such an enabling   converted into  a series signal as a function
of output from the decimal number output 2 of  the clock pulses, whereupon
the series signal the decoder 8 as a station selection signal. As  is
outputted over the data signal transmission described previously, the
contents in the bit  line 12. On the other hand the serial/parallel 65
positions 3 through 6 of the counter 7 change   converter 10 of the
receiver 4 has bit parallel 130    1,573,765
6 6 outputs 13a through 13h, so that the series   station selection signal,
whereby this trans- signal transmitted over the data signal trans-
mitter and this receiver establish a mating 



relation for  data communication for a time parallel signal in the selected
receiver 4 as a   period of a single train of eight clock pulses. 5
function of the dock pulses.                     after these eight clock
pulses are received, the   70 Fig. 5D  is a  schematic diagram of one
station selection signal ceases in the above embodiment of the
serial/parallel converter 10.   describe  transmitter and receiver between
the serial/parallel converter 10 is of a circuit    which a mating relation
was established. as a configuration adapted to operate contrary to
result, the above described mating relation 10 the parallel/serial
converter  9. To  that  end,  ends. Instead, another transmitter-receiver
pair       75 the converter 10 shown comprises and and
establishes a new mating relation for data com- gate 10a connected to
receive the data signal  munication  as a result of the station selection
transmitted over the data signal transmission      signals generated
therein.  thus, the mating line 12 and the station selection signal to pro-
pair of transmitter and receiver is changed in wide the data signed if and
when the station             turn each time a train of eight clock pulses
is selection signal is received, and AND  gate. terminated. 10c connected
to receive the station selection          For the purpose of
synchronization of the signal and the  clock pulses to provide the
transmitters and receivers in the whole system, clock pulse output if and
when the station      each clock pulse train is followed by an inter- 20
selection signal is   received, and a switch 10b   mission time period of a
given duration. More  85. having a plurality of stationary contacts 100
specifically a train of clock pulses is dis- 20  through 107 connected
through memory de-             continued for a given time   period upon
detec- vices to a plurality of bit parallel outputs 13a   tion of the
termination of data signal trans- 25 through 13th, respectively, and a
movable con-        mission cycle by means of a counter in the tact
switchable in turn to the respective    rectangular wave  generator 1a.
briefly des-    90 stationary contact s 100 through 107 as a func-  cribed,
when a train of clock pulses is dis- tion of the clock pulses obtainable
from the   continued for the said given time period of the and gate 10c,
thereby to convert the in-         intermission, the counters 7 in the
transmitters coming series signal obtainable from the and   and receivers
in the whole system are simul- gate 10a into an output of the plurality of
bits      taneously reset in  response to discontinuance      95 13a
through 13h.                                   of the clock pulses.
thereafter, the succeeding in operation, when a station selection signal
clock pulse train is generated and transmitted, is obtained, the and gate
10a is enabled and    so that the counters 7 in the respective trans- the
series signal on the data signal transmission   mitters and receivers
start to count the clock line 12 is allowed to pass through the and
pulses simultaneously starting from the reset   100 gate 10a to reach the
switch 10b. at the same         state of the counter.  as a result,
complete syn- time , the and gate 10c is enabled, so that the
chronization of the transmitters and receivers switch 10b becomes operative
in synchronism      in the whole system can be maintained . with the clock
pulses obtainable from the and    fig. 6a is a detailed    block diagram of
one gate 10c.   as a result, the switch 10b is turned emodiment of the
rectangular wave generator    105 sequentially to the stationary contacts
100    1a for generating the above  described succession through 107,
storing the data signals trans-      of clock pulse trains including an
intermission mitted as a function of the clock pulses in the   time period
between consecutive trains.   fig. memory devices for keeping the data
until the     6b shows the wave forms of the signals at next time the
station selection signal is acti-        various points in the fig. 6a
embodiment.  the vated . thereafter the bit parallel output signals
rectangular wave generator 1a shown in fig. 13a through 13h, respectively ,
are withdrawn.         6a comprises a rectangular wave oscillator 15a
assuming that the transmitter 3a and the           which generates pulses
of the wave form (a) receiver 4a have been simultaneously selected
as a clock pulse. this clock pulse (a) is 50   as a function of the station
selection signal,  applied to a counter 15d where teh number of      115
when the switch 9b of the parallel/serial con-  the pulses is counted. the
contents in the verter 9 in the transmitter 3a is in the position
counter 15d are applied to a decoder 15e  in a of the stationary contact
90, the switch 10b of          bit parallel fashion , so that the count
value in the serial/parallel converter 10 of the receiver      the counter
15d  is decoded into a plurality of 55  4a is in the position of the
stationary contact     individual decimal number outputs.  the out- 100, so
that the input signal 11a at the      put of the decimal number stationary
contact 90 of the transmitter 3a is     15e is connected through an
inverter 15b to transmitted to the output terminal 100 of the   one input
of an and  gate 15c.   the output receiver 4a as the output signal 13a.
thus, the   from the rectangular wave oscillator 15a is 60  bit parallel
input signals entering from the in-   connected to another input of the and
gate put terminals 90 through 97 of a given station     15c.  the output
from the and gate 15c is selected as a function of the station selection
withdrawn as a n output of the rectangular signal are transmitted to the
output terminals     wave generator 1a.   a selectable output of 100
through 107, respectively, of a receiver to   the decoder 15e, associated
with the decimal 65 be selected simultaneously as a function of the
number j. is connected to a monostable multi-      130    CU2) 7
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vibrator 15f and the output from the mono-  various points in the Fig. 7A
etbodinent. sable multivibrator 15f is applied to the  Referring to Fig.
7A, the reset signal detector counter 15d as a reset signal thereof .   14
comprises a series connection    of a diode D1, In operation, unless the
count value in the  a resistor R1, and an inverter 14a, with the 5  counter
15d is zero, the output of the decimal  junction between the resistor R1
and the in-  70 number zero of the decoder 15e is logic zero  verter  14a
grounded   through a parallel con- and the inverted signal at the point e
inverted    nection of a capacitor C1 and a resistor R2. by the inverter
15b is logic one. Therefore,  In operaton, when successive clock pulses are
the AND gate 15c is enabled, so that the out-  received by the wave shaper
5, the diode D1 10  put pulses from the rectangular wave oscillator
becomes conductive each time the clock pulse    75 15a are transmitted
through the AND gate l5c  becomes logic one and the capacitor c1  is to the
output terminal p. If and when the  charged through  the resistor R1,
whereby    a count value of the counter 15d becomes value  charged voltage
across  the capacitor C1 in- i indicating the termination of a train of
clock     creases. When the clock pulse becomes logic 15  pulses necessary
for one data signal trans-  zero, the diode d1    becomes non-conductive,
80 mission cycle, the output of the decimal num-  so that the capacitor Cl
is not charged and in ber i  of the decoder 15e becomes logic one, fact the
capacitor C1 discharges through the thereby to trigger the monostable
multivibator  resistor R2, so that the charged voltage de- 15f.   As a
result, the monostable multivibrator  creases. However, since the
discharging resistor 20  15f is triggered and an output of logic one is  R2
has been selected to be sufficiendy  larger  85 obtained from  the
monostable multivibrator    than the charging resistor  R1, and the time
15f for a predetermined time period. The  constant R2Cl has been selected
to be large counter 15d is responsive to the output from   as compared with
the period of the clock the monostable multivibrator 15f to be kept
pulses,  the charged voltage decreases very 25  reset for the said
predetermined time period.  slowly. When a logic one clock pulse is next 90
Therefore, the output of the decimal number received, the diode D1 becomes
conductive to zero of the decoder lSe becomes logic one and  charge the
capacitor c1. Accordingly, the the output from the inverter 15b becomes
logic  input voltage of the inverter 14a is always zero. Accordingly, the
AND gate 15c is dis-  higher than the threshold level of the inverter 30
abled, so that the output of the AND gate   14a, so that the output from
the inverter 14a  95 15c becomes logic zero, with the result that  is
always logic zero. The output from  the the clock pulse train is
discontinued. After the  inverter 14a is applied to the reset terminal of
lapse of the said predetermined time period, the counter 7, so that the
counter is reset when the output of the monostable multivibrator  15f   the
output from the inverter 14a is logic one. 35  returns to logic zero, so
that the counter 15d   therefore,  while the clock pulses are success- 100
is no longer supplied with the reset signal. The  ively transmitted,  the
output from the inverter counter 15d starts  to count pulses again from
14a is logic zero, so that the clock pulses are the rising edge of the
following   pulse  and,  counted by the counter 7. When the clock when the
count value in the counter 15d rises  pulses are discontinued  for a
predetermined 40  above zero, the AND gate 15c is again enabled,   time
period as shown in Fig. 7B, the capacitor 105 whereby the dock pulses are
ag   transmitted  c1 is discharged through the resistor R2 and through the
AND gate 15, with the result  the charged voltage decreases gradually.
When that the wave form at the point f is obtained   the  charged - voltage
of the capacitor C1 with an intermission period commensurate with  becomes
lower than the threshold level E of 45  the said predeterned time period
interosed  the inverter 14a, the output from the inverter 110 between the
preceding  clock pulse  train for one  14a shifts from logic zero to logic
one. As a data signal transmission cyce and the suceed-   result,  the
counter 7 is reset and remains reset ing clk pulse tain for one data signal
trans-    for the said predetermined time period. When mission cycle..
the clock  pulses are received again, the diode 50   Now returing to fig.
1, it is recalled that D1 becomes  conductive, so that the capacitor
115 if and when the clock pulse trains are dis- C1 is again charged through
the resistor R1. continued for a predetermined time period as  Since the
time constant RlC1 has been described above the reset signal detectors 14
selected  to be much  smaller,  the capacitor C1 of the transmitters 3a, 3b
. ...... and the  is abruptly charged and the output from the receivers 4a,
4b,  ... become operative, so  inverter  14a becomes logic zero again,  and
the  120 that the counters  7 of the respective    trans-    counter 7 is
no longer supplied  with' the reset mitters  3a, 3b,.    'and the receivers
4a,  signal. Thus, the counter 7 starts again to 4b....   are reset. In the
following, description  count the clock pulses. As described above, the.
will be made of a scheme for resetting the  counter 7 of the respective
transmitters  and 60 counters   7 in response to the discontinuance
receivers is reset in response to the intermission    125 for the said
predetermined time period of the  of the clock pulses for a predetermined
time clock pulse trains.                         period and the counting
operation by the Fig. 7A is a block diagram of one'embodi-  counter 7 is
regained simultaneously in all the ment of the reset signal detector 14 and
Fig.  transmitters and receivers starving from  the 65 7B shows the wave
forms of the signals at  reset state of the counter 7, with the result that
130    



1 ,573,765                                        8 complete synchronism of
all the transmitters    taken  by way of limitation,  the scope of the and
receivers in the whole  system   can  be   present invention being limited
only by the maintained.
terms of the appended claims. One aspect of the present embodiment is 5
that bidirectional  multiplex    transmission  can        WHAT WE CLAIM
IS:- be achieved with  ease on the same   transmission      1. a, time
division  multiplex transmission   70 line. Some description will be made
of the   system comprising: said facilitated bidirectional multiplex trans-
data signal transmission  path means; mission on the same transmission
line. As      dock pulse transmission path means; 10 described
previously station selection in the         means for separately and
concurrently trans- respective transmitters and receivers is deter-
mitting  along said clock  pulse transmission     75 mined in accordance
with the connection  of the  path means first and secod trains of clock
output of the decoder 8 to the converter 9 or  pulses, the pulses of aid
first and second trains 10. The selected transmitter has an operative
having opposite phases; and 15  parallel/serial converter 9,: whereby a
parallel    at least one tramitter aid at least one input signal is
converted  into a  series signal  receiver between which data can be
communi-     80 and  the series signal is transmitted on the data  cated
along said data signal transmission path signal tranmission line  12. On
the other hand,  means,  the or each transmitter  and receiver the selected
receiver has an operative serial/  beingconnected to said clock  pulse
trans- 20  parallel conver 10, whereby the series signal  mission  path
means and being arranged to be on the data signal transmission  line 12 is
con-  synchronized in their operation by synchroniz -      85 verted into a
parallel signal. The arrangement       ing pulses  derived from the
difference between of these transmitters  and receivers may be pro-  the
values of said first and second trains of vided in any places  where  a
multiplex trans-  clock pulses. 25  mission line comprising  a data signal
trans   2. A time division multiplex transmission mission line 12 and a
clock: pulse trarnission  systm in accordnce with claim 1, including  90
line 2 is available.                            means for generating  said
first and second Fig. 8A is a block diagram of bidirectional  trains  of
clock pulses,  said generating means multiplex transmission system   in
accordance  comprising: 30  with  the present    invention and Fig. 8B
shows    means for generating said first train of dock the  wave forms of
the signals at various   points  pulses, and                            95
in the Fig. 8A diagram. referring  to Fig. 8A,    means coupled to said
first train generating a transmitter/receiver  casing in the place A
means for inverting the clock pulses of said comprises a transmitter 3a
and' a receiver 4a.  first train for: providing said second train of 35  On
the other hand, a   transmitter/receiver  cas-  clock   pulses. ing in the
place  B comprises a transmitter 3b   3. A time division multiplex
transmission 100 and a receiver  4b. if and when the transmitter     system
in accordance with calim 1 or 2, where- 3a is selected, simultaneously the
receiver 4b          in said transmitter and said receiver each has is
selected.   If and when the trnsmitter 3b is  differential amplifier means
responsive to said 40  selected,   simulaneously the receiver 4a is  first
train of clock  pulses and  said second train. selected. Accordingly, a
first   set of data trans-     of  clock pulses for evaluating the
difference 105 mitted from  the transmitter 3a is received by  between the
values of said first and second the receiver 4b. On the other hand, asecond
trains of clock pulses thereby to provide said set of data transmitted from
the transmitter     synchronizing  pulses. 45  3b is received by the
receiver 4a. The same    4. A time  division multiplex transmission
transmission  line 12 is utilized   between the  system   in accordance
with any preceding claim, 110 transmitter/receiver casing  in the place A
and  arranged to transmit a series daa signal having the
transmitter/receiver   casing in the place B   a plurality of series bits,
wherein said trans- for transmission and reception   of the data  mitter
includes 50 signals. referring   to fig.  8B, the oututs b2     means for
receiving a parallel data signal and b3 from the first and second
transmitters  having  a plurality of parallel  bits, and  115 3a and 3b,
respectively,  are shown with respect        means responsive  to said
synchronizing to the clock  pulses b1, wherein bidirectional   pulses for
converting said parallel  data signal signal  transmission  has been
performed.    By  into said serial  data  signal. 55 determining  station
selection     in the respective         5. A  time division multiplex
transmission transmitters  and receivers and the place to be  system in
accordance with any prceding claim, installed of the transmitters and
receivers, the  arranged to transmit a series data signal having direction
of the transmission can be selected  as  a plurality of series bits,
wherein said receiver desired, so that  bidirectional  mutiplex trans-
includes 60  mission  can be achieved with ease on the same       means
responsive to  said  synchronizing transmission line..
pulses for conver said transmitted serial. 125 Although the present
invention has been   data signal  into a parallel data signal :having
described and illustrated  in detal, it is to be  a plurality of parallel
bits, and clearly understood that the same is by way of means for  holding
said parallel data signal. 65  illustration  example only and is not to be
6. A time division multiplex transmission   
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8 complete synchronism  of all the transmitters  taken by way of
limitation, the scope of the and receivers in the whole system  can be
present invention being limited only by the maintained.
terms of the appended claims. One aspect of the present embodiment is 5
that bidirectional multiplex transmission can    WHAT WE CLAIM  IS:- be
achieved  with ease on the same transmission    1. A  time division
multiplex transmission   70 line. Some description will be made of the
system comprising: said facilitated bidirectional multiplex trans-  data
signal transmission path means; mission on the same transmission line. As
clock pulse transmission path means; 10  described previously, station
selection in the   means for separately and concurrently trans- respective
transmitters and receivers is deter-   mitting along said clock pulse
transmission   75 mined in accordance with the connection of the   path
means first and second trains of clock output of the decoder 8 to the
converter 9 or  pulses, the pulses of said first and second trains 10. The
selected transmitter has an operative   having opposite phases; and 15
parallel/serial converter 9, whereby a parallel    at least one transmitter
and at least one input signal is converted into a series signal  receiver
between which data can be communi-  80 and the series signal is transmitted
on the data  cated along said data signal transmission path signal
transmission line 12. On the other hand,  means, the or each transmitter
and receiver the selected receiver has an operative serial/  being
connected to said clock pulse trans- 20  parallel converter 10, whereby the
series signal  mission path means and being arranged to be on the data
signal transmission line 12 is con-  synchronized in their operation by
synchroniz-  85 verted into a parallel signal. The arrangement  ing pulses
derived from the difference between of these transmitters and receivers may
be pro-  the values of said first and second trains of vided in any places
where a multiplex trans-  clock pulses. 25  mission line comprising a data
signal trans-    2. A time division multiplex transmission mission line 12
and a clock pulse transmission  system in accordance with claim  1,
including  90 line 2 is available.                          means for
generating said first and second Fig. 8A is a block diagram of
bidirectional  trains of clock pulses, said generating means multiplex
transmission system  in accordance  comprising: 30  with the present
invention and Fig. 8B shows     means for generating said first train of
dock the wave forms of the signals at various points  pulses, and
95 in the Fig. 8A diagram. Referring to Fig. 8A,    means coupled to said
first train generating a transmitter/receiver casing in the place A   means
for inverting the clock pulses of said comprises a transmitter 3a and a
receiver 4a.  first train for providing said second train of 35  On the
other hand, a transmitter/receiver cas-  clock pulses. ing in the place B
comprises a transmitter 3b   3. A time division multiplex transmission 100
and a receiver 4b. If and when the transmitter  system in accordance with
claim 1 or 2, where- 3a is selected, simultaneously the receiver 4b  in
said transmitter and said receiver each has is selected. If and when the
transmitter 3b is  differential amplifier means responsive to said 40
selected, simultaneously the receiver 4a is  first train of clock pulses
and said second train selected. Accordingly, a first set of data trans-  of
dock. pulses for evaluating the difference 105 mitted from the transmitter
3a is received by   between the values of said first and second the
receiver 4b. On the other hand, a second  trains of clock pulses thereby to
provide said set of data transmitted from  the transmitter  synchronizing
pulses. 45  3b is received by the receiver 4a. The same      4. A time
division multiplex transmission transmission line 12 is utilized between
the   system in accordance with any preceding claim, 110
transmitter/receiver casing in the place A and   arranged to transmit a
series data signal having the transmitter/receiver casing in the place B
a plurality of series bits, wherein said trans- for transmission and
reception of the data   mitter includes 50  signals. Referring to Fig. 8B,
the outputs b2    means for receiving a parallel data signal and b3 from
the first and second transmitters  having a plurality of parallel bits, and
115 3a and 3b, respectively, are shown with respect    means responsive to
said  synchronizing to the clock pulses bl, wherein bidirectional  pulses
for converting said parallel data signal signal transmission has been
performed. By   into said serial data signal. 55  determining station
selection in the respective  5. A time division multiplex transmission
transmitters and receivers and the place to be   system in accordance with
any preceding claim, 120 installed of the transmitters and receivers, the
arranged to transmit a series data signal having direction of the
transmission can be selected as  a plurality of series bits, wherein said
receiver desired, so that bidirectional multiplex trans-  includes 60
mission can be achieved with ease on the same    means responsive  to  said
synchronizing transmission line.                            pulses for
converting said transmitted serial 125 Although the present invention has
been   data signal into a parallel data signal having described and
illustrated in detail, it is to be   a plurality of parallel bits, and
clearly understood that the same is by way of    means for holding said
parallel data signal. 65  illustration and example only and is not to be
6. A time division multiplex transmission  
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9 system in accordance with any preceding claim,    means for defining the
number of clock wherein the duration of each of said first and   pulses in
said first and second trains, and second trains of clock pulses covers a
plurality  means coupled to said dock pulse number of station selection
timing periods, in each of  defining means for selectively adjusting the
60 5  which periods is provided a plurality of dock  defined number of dock
pulses. pulses for communication of a data signal of   10. A time division
multiplex transmission a plurality of bits, and wherein             system
in accordance wit claim 9, wherein a plurality of said transmitters is
provided,  aid  dock  pulse number defining  means each said transmitter
having means responsive  comprises                                 65 10
to said synchronizing pulses for providing an  counter means for counting
dock pulses, enabling signal for identifying a predetermined  mes coupled
to said counter means for one of said station selection time periods
detecting a predetermined count value reached allotted to its own
transmitter, each said trans-  by said counter means, mitter being arranged
to deliver said data    means responsive to the detection of said  70 15
signal to said data signal transmission path   predetermined count  value
for resetting said means in response to said enabling signal, and   counter
means, and a plurality of said receivers is provided,    means responsive
to the reset state of said each said receiver having means responsive to
counter means for disabling the generation of said synchronizing pubes for
providing an  said dock    s                               75 20  enabling
signal for identifying a predetermined  11.   A time division multiplex
transmission one of said station selection time periods  system in
accordance with any one of claims allotted to its own receiver, each said
receiver  6 to 10, arranged suc that the generation of being arranged to
receive said data signal in  said clock  pulses is terminated for a pre-
response to said enabling  signal,                  determined intermission
time period at the end 80 25    at least a predetermined one of said trans-
of each of said first and second trains of clock mitters and a
predetermined  one of said  pulses. receivers having the same station
selection      12. A time division multiplex transmission time period,
whereby said predetermined trans-   system in accordance  with claim 1.1,
wherein mitter and said predetermined receiver estab-   each of said
transmitters and receivers further 85 30  lish a mating relation during
said same station  comprises means responsive to the occurrence selection
time period for communcation of the  of said predetermined intermission
time period data signal therebetween.                   for returning to an
initial condition said en- 7. A time division multiplex transmission
abling  signal providing means. system in accordance with claim  6, wherein
13. A time division multiplex transmission  90 35  each said enabling
signal providing  means  system  in accordance with claim  12 when
comprises                                    appendant to claim 7, or any
claim dependent means for counting the number of said   thereon,  wherein
said returning means com- station selection time periods, and.
prises means responsive to the occurrence of means responsive to the count
reached by  said predetermined intermission time period  95 40  said
counting means for identifying the pre-  for resetting said means for
counting the num- determined  station selection time period and  ber of
said station selection time periods. providing said enabling signal in
response to    14. A time division multiplex  transmission said i
cation.                           systen substantially as hereinbefore
described 8. A time division multiplex trasmission   with reference to
Figures 1, 2A and B, 3, 4, 100 45  system in accordance with claim  7,
wherein  51A and 5C, optionally  including Figures 5B said means for
counting the number of station  and D, Figures 6A and B, Figures 7A and B
selection time periods   comprises                 and/or  Figures 8A and B
of the accompanying first counter means for counting clock pulses
drawings. and producing an output when the count 50  reached  equals the
number of dock pulses  in          R. G. C. JENKINS & CO., each said
station selection  time period    and                Chantered Patent
Agents, second counter means for counting the num-             Chancery
House, ber of outputs from said first counter means.          53-64
Chancery Lane, 9. A time division multiplex transmission            London,
WC2A 1QU, 55  system in accordance with any one of claims           Agents
for the Applicants. 6 to 8, including Printed for Her Majesty's Stationery
Office by the Courier Press, Leamington Spa, 1980. Published by the Patent
Office, 25 Southampton Buildings, London, WC2A lAY, from which copies may
be obtained.    


