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[57] ABSTRACT

The main features of the present invention reside in the
fact that one or more remote groups of subordinated

terminal units are serially interconnected and arranged
in a closed loop which is terminated at the output and
input of a master unit. Each of said groups and said
master unit is connected to the transmission line via a
modulator and a demodulator. In order to selectively
connect a pulse equipment associated with each subor-
dinated terminal unit, and adapted for transmission of
data, with the transmission line, each of said subordi-
nated terminal units includes a switching unit, which
either connects or disconnects the associated pulse
equipment from the transmission line. According to the
invention, the novelty resides both 1n the arrangement
of the network connecting the subordinated terminal
units with the master pulse equipment, and the proce-
dure for the exchange of information between the mas-
ter pulse equipment and the subordinated terminal unit,
and vice versa, through the closed loop, and by selec-
tively actuating said switching unit.

33 Claims, 4 Drawing Figures
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1
DATA TRANSMISSION SYSTEM

Matter enclosed in heavy brackets [ } appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue,

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of U.S. patent appli-
cation Ser. No. 391,717 filed Aug. 27, 1973. Application
Ser. No. 391,717 now abandoned 1s a continuation of
U.S. patent application Ser. No. 773,056 filed Nov. 4,
1968 and now abandoned.

BACKGROUND OF THE INVENTION

The present invention relates to a data transmission
system for transmtting order-characters, address-
characters and information-characters between a master
unit and one or more remote groups of subordinated
terminal units, the several units in a group normally
being disposed at a common location such as a branch
bank or store. Each of said groups and said master unit
includes a modulator and a demodulator, 1.e. a so-called
“modem”’, adapting pulses from the master unit and the
subordinated terminal units to the transmssion charac-
teristics of the transmission lines which connect said
master unit and said subordinated termnal units to each
other.

To interconnect an equipment built up of pulse cir-
cuits with another such equipment over a relatively
long distance, it 15 necessary to convert the pulses into
signals which are adapted to the frequency characteris-
tics of the transmission lines. For this purpose, it is
common practice to employ at one end of the line a
modulator for converting a pulse into either a phase
shifted or frequency shifted pulse relative to a reference
signal, and to connect the other end of the line to a
demodulator detecting this phase or frequency shift and
producing a pulse in correspondence thereto.

In systems where a plurality of pulse equipments
disposed at geographically remote places are 10 be con-
nected to a master pulse equipment, it 1s cCOmMmMOn prac-
tice to connect these remote pulse equipments and their
associated modulator/demodulator units in parallel to
one single transmission line for the purpose of shorten-
ing the overall length of the transmission lines required.
Further, it 1s common practice to concentrate all pulse
equipments which have a common location to one sin-
gle modulator/demodulator unit by means of a traffic
concentrator which, 1n addition to its concentrating
function, effects the control functions required for the
above-mentioned parallel connection. This equipment,
which effects the interconnection between a plurality of
pulse equipments and one single modulator/demodula-
tor unit and enables the connection of a plurality of such
units of pulse equipments in paralle] to one single trans-
mission line, tends to become rather complicated.
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A further disadvantage of connecting a plurality of 60

such units in parallel to one single transmission line
resides in that the most efficient mode of transmission,
1.e. so called synchronous transmission, cannot be uti-
lized, due to the fact that one demodulator will have to

receive signals in alternating order from a plurality of 65

modulators.
A further drawback of the above-mentioned paraliel
connection resides in that a great number of signals are

2

required for maintaining the order of succession be-
tween the units connected to the line, and such se-
quence signals will intrude upon the time available for
the transmission of information.

SUMMARY OF THE INVENTION

The object of the present invention is to provide a
system permitting a plurality of commonly located
pulse equipments to be connected to one modulator/-
demodulator unit, and for several modulator/-
demodulator units disposed at geographically spaced
places to be connected to one single transmission line
without using any complicated equipments therefor and
without involving the drawbacks of a conventional
parallel system as indicated heremnbefore, while still
maintaining the advantages of the parallel system.

This object of the invention 1s substantially realized
by the fact that the transmission lines connecting the
master unit with the modems and subordinated terminal
units included 1in the system are arranged in a closed
loop 1n which modulators, demodulators and subordi-
nated terminal units are senally interconnected. All
signals comprising order-characters, address-characters
and information-characters are transmitted in the closed
loop which 1s arranged such that the output from the
modulator of the master unit 1s connected to the input of
the first demodulator appearing in the loop associated
with a first group of subordinated terminal units, which
are serially connected with each other and form a
closed loop between the output of said first demodula-
tor and the input of the associated first modulator. The
output of the first modulator may be connected to the
input of a succeeding second demodulator in the series
circuit which is associated with a second group of sub-
ordinated terminal units and so on, until finally, the last
modulator occurring in the loop has its output con-
nected to the input of the demodulator in the master
unit, thereby closing the loop.

According to the invention, all modulators, demodu-
lators and subordinated terminal units are serially inter-
connected between the data output and data input of the
master pulse equipment which normally transmits a
stream of synchronization characters and, at times,
transmits order-characters or information-characters.
The first subordinated terminal unit having information
to send to the master pulse equipment and receiving
order-characters from said master pulse equipment,
interrupts the series circust and transmits the informa-
tion to the data input of the master pulse equipment via
succeeding modulators, demodulators, and subordi-
nated terminal units. The transmission ends with distinc-
tive order-characters which are transmitted around the
rest of the loop downstream of such first station and
which cause the succeeding subordinated terminal umit
with information to send to once again interrupt the
series circuit at such succeeding station and send the
information to the data input of the master pulse equip-
ment. The said succeeding station similarly ends the
transmission with order-characters, and so on, until the
last subordinated terminal unit with information to send
has, in turn, emitted order-characters which are then
finally received by the master pulse equipment, thereby
establishing that all subordinated terminal units have
sent their information. Information from the master
pulse equipment t0 a particular subordinated terminal
unit includes address-characters.
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BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described more in detail
with reference to the accompanying drawings, in
which:

FIG. 1 shows a block diagram illustrating the closed
loop of the data transmission system according to the
invention;

FIG. 2 shows a functional diagram illustrating the
function of the switching unit in the transmission system
according to FIG. 1;

FIG. 3 shows a detailed block diagram of the switch-
ing unit; and |

FIG. 4 shows an alternative embodiment of the
switching unit.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

According to the invention, a plurality of remotely
disposed groups of pulse equipments 3, 7, 9, 11 are inter-
connected and connected to a master pulse equipment 1
via modulator/demodulator units 2a, 2b, 13a, 13b, 14a,
14b, 15a, 15b, 16a, 16b and transmission lines 12. These
modulator/demodulator units operate in a manner such
that the modulators 2a, 13b, 14b, 13b, and 16b accept
pulses at the same rate as pulses are transmitted from the
output of the associated demodulators 2b, 13a, 14a, 15a
and 16a, respectively.

The system is arranged so that modulator 2a of the
master pulse equipment 1 1s connected to demodulator
13a via a portionn of line 12. The pulse output of de-
modulator 13a is connected to the pulse input of modu-
lator 13b via a number of switching units 3. Each
switching unit 3 selectively connects a pulse equipment
> to the master pulse equipment 1. Each pulse equip-
ment 3 and corresponding switching unit 3 form a sub-
ordinated terminal unit 4. Modulator 13b is connected
to demodulator 14a, associated with the succeeding
group of subordinated terminal units, via another por-
tion of line 12. Demodulator 14a is connected to modu-
lator 14b via switching units 3 each of which is con-
nected to a pulse equipment 7 which together form a
subordinated terminal unit 6. The system can include an
arbitrary number of groups of subordinated terminal
units. In the embodiment shown in FIG. 1, the system is
terminated at the modulator 16b, which is connected to
demoduliator 2b at the master pulse equipment. The
system according to the invention is not restricted to the
number of modulator/demodulator units and switching
units 3 as specifically shown in FIG. 1, but is operable
with an arbitrary number of both modulator/demodula-
tor units and switching units.

The function of the switching unit 3 is, in principle,
lustrated in FIG. 2, where it i1s shown as a three-way
switch, including switching means 27, a by-pass line, a
shift pulse register 17 and a decoding unit 18. In position
19, the switching unit 3 is by-passed in the sense that any
characters appearing at the output of the demodulator
are not only shifted into the register 17 particularly
associated with such switch but are also simultaneously
applied to and shifted into the register 17 of the next
downstream terminal unit. Obviously, therefore, if all
switches 17 are in position 19, any character transmitted
by the master pulse equipment will be shifted substan-
tially simultaneously into every register 17.

[n position 20, the output of the switch 3 is connected
to the input through the pulse register 17 which has a
capacity equal to the number of bits forming one unit of
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information, here called a character. Under these cir-
cumstances, the register 17 of the next-downstream
terminal unit cannot be directly responsive to a charac-
ter provided by the demodulator output; instead, such
further register can only be responsive to whatever
character is shifted out of the first-mentioned register 17
directly associated with the switch which is in position
20,

In the third position 21, the output of the switch 3 is
connected directly to the associated pulse equipment 5,
7, 9 or 11. In this circumstance, the associated terminal
pulse equipment is effectively connected to the loop, as
will be shown, so that this terminal unit can not transmit
data back to the master pulse equipment.

To the pulse register 17, which is permanently con-
nected to the mput of the switch unit is also connected
a decoding unit 18 which identifies certain distinctive
characters in the pulse register 17. The manner in which
switching unit 3 affects the function of the system ac-
cording to the invention is as follows:

The system possesses three states of operation, i.e. an
idle state, a second state in which information can be
transmitted from pulse equipments 5, 7, 9, 11 to the
master pulse equipment 1, and, finally, a third state in
which information can be transmitted from the master
pulse equipment 1 to pulse equipments 5, 7, 9 and 11.

In said idle state, the switching units 3 are all by-
passed in the sense described above and the master pulse
equipment 1 transmits a continuous flow of characters,
each character comprising a pulse combination or char-
acter A. The decoder 18 in each terminal unit recog-
nizes the presence of the A character in the associated
register 17 and, in response thereto, causes switch 27 to
assume position 19. As a result, all the switching units 3
are by-passed, and the pulse output of each demodulator
1s connected directly to the pulse input of the associated
modulator, the flow of characters transmitted by pulse
equipment 1 being regenerated in each modulator/-
demodulator unit and finally returning to the pulse
equipment 1 through the demodulator 2b. This flow of
characters has two purposes, viz.

(a) to establish synchronism between the oscillator of
a demodulator and the oscillator of the preceding mod-
ulator, such as, for example, between demodulator 14a
and modulator 13b:

(b) to estabhish synchronism between the pulses trans-
mitted as a character by pulse equipment 1, and the
pulses detected as a character by pulse register 17.
When the characters received by pulse equipment 1
through demodulator 2b contain the same pulse combi-
nation as the characters transmitted from pulse equip-
ment 1, the entire system has become synchronized.

Another method of synchronizing a demodulator
with the preceding modulator resides in maintaining a
two-way connection between them 1.e. to each demodu-
lator an auxiliary modulator is connected, which trans-
mits pulses to an auxiliary demodulator connected to
the preceding modulator in the system. By this method,
signaling will indicate whether synchronism is being
maintained separately between each modulator/-
demodulator connection.

When the master pulse equipment 1 is ready to re-
ceive information from pulse equipments 5, 7, 9, 11,
pulse equipment 1 will interrupt the flow of A-charac-
ters and transmit two distinctive characters in succes-
ston, B and C, and then recommence its transmission of
A-characters. The purpose of said B- and C-characters
1s the following:
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‘The B-character is shifted into the register 17 of each
terminal unit substantially simultaneously since each
switch 27 is st1ll in position 19. When a B-character has
been identified in each pulse register 17 by decoding
unit 18, the following procedure will be initiated, pro-
vided that the associated pulse equipment 35, 7, 9, 11 has
information to transmit. (1) The switching means 27 1s
set to position 20. (2) The next succeeding character, 1.e.
the C-character, can now be recetved only in the regis-
ter 17 of the first upstream terminal having data to
transmit; the reason for this, of course, 15 that the switch
27 of such first upstream station was operaied to posi-
tion 20 by the B-character, thereby effectively opening
the loop so as to prevent any other register 17 from
responding to the C-character. (3) Assuming that such
next character 1s a C-character, the switching means 27
of such first upstream unit with data to transmit Is set to
position 21, thereby permitting only the characters
transmitied from the associated pulse equipment to be
put on the line. Since the character C only appears in
the register 17 of such one unit, it cannot be advanced to
the next succeeding terminal unit in the series circuit In
response to the next character placed on the loop by the
master pulse equipment because with switch 27 in posi-
tion 21, the register 17 storing the C-character 1s effec-
tively disconnected at i1ts output from all other down-
stream registers. As a conseguence, no succeeding pulse
register 17 will receive character C directly after hav-
ing recerved character B. This will cause the associated
switching means 27 to be reset to the idle position.

If the terminal unit has no information to transmit
when the B-character 1s detected in pulse register 17,
the switching means 27 will retain the idle position. The
information transmitted from each of the pulse equip-
ments 3, 7, 9 or 11 will pass through the succeeding
switching units in the series circuit to the input of the
master pulse equipment 1.

Each transmitting pulse equipment 5, 7, 9 or 11 ends
its transmission with the characters B and C and will
then reset switching means 27 to the idle position,
whereby the sequence of procedures described above
will be repeated in the succeeding terminal units in turn.

When characters B and C are received in the master
pulse equipment 1, this provides an indication that all
puise equipments §, 7, 9, 11 in the closed loop have had
an opportunity to transmit information, and pulse equip-
ment 1 will respond by transmitting a character, D,
indicating that the information transmitted from the
subordinated terminal units has been properly received.
However, if the information received by pulse equip-
ment 1 contained errors, characters B and C will be
transmitted once more and the procedure just described
will be repeated. Thus, pulse equipments 5§, 7, 9, 11
which have transmitted information but received no
D-character will retransmit their information.

Transmission of information from the master pulse
equipment 1 to any of the pulse equipments §, 7,9, 11 is
performed by transmitting two characters E and X
before each message. Character E indicates that the
next succeeding character X, contains the address to the
specific pulse equipment for which the message is
meant. This message will pass through all switching
units 3, but only the pulse equipment assigned number X
will respond to the information.

The switching unit 3 according to the invention has
as its main purpose to enable the series connection be-
tween the terminal units and the master pulse equip-
ment.
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6
The unit 3, shown in FIG. 3, comprises three AND-

gates 22, 23 and 24, an OR-gate 25 and a control logic 26
having connected thereto a decoding unit 18 and a pulse
equipment 3, 7, 9, 11. In the i1dle position of the switch-
ing unit 3, the input 33 and output 34 are effectively
connected together through the enabled AND-gate 22
and the OR-gate 25. In the idle state, synchronism is
maintained by the decoding unit 18 via a pulse register
17, being operative to decode information appearing at
the input 33 of the switching unit 3 via line 35.

When the decoding unit 18 identifies a B-character in
the pulse register 17, it emits a signal via lines 36 to the
control logic 26 to remove the enabling input to AND-
gate 22 via line 37. The pre-requisite 1s, however, that
pulse equipment 5, 7, 9, 11 has informed control logic 26
via line 38, that it has information to transmit. At the
same time, the control logic 26 enables AND-gate 23,
whereby pulse register 17 is connected to the output 34
of the switching unit 3 through AND-gate 23 and OR-
gate 25, corresponding to the second state of the switch-
ing unit. If the next-following character received in the
pulse register 17 and decoded by decoding unit 18 is a
C-character, control logic 26 will disable AND-gate 23
and enable AND-gate 24 via Iine 31. At the same time,
control logic 26 will emit a pulse to the pulse equipment
5, 7,9 11 via line 41 informing the latter that it may
transmit information on line 29, which now connects
output 34 of the switching unit 3 with the pulse equip-
ment via AND-gate 24 and OR-gate 25. This corre-
sponds to the third state of the switching unit. The
transmission ends with a signal from pulse equipment §,
7, 9, 11 to the control logic 26 via line 38 informing
same of the fact that all information has been transmit-
ted. Control logic 26 then enables AND-gate 24 and
disables AND-gate 22, whereupon the switching unit
has been reset to 1ts idle state.

When the switching unit 3 is in the idle state, and
decoding unit 18 identifies an address-character in pulse
register 17 informing that the information to follow is
meant for a specific pulse equipment 5 or 7 or 9 or 11,
then decoder 18 will transmit a signal to control logic 26
via hnes 36. Control logic 26 then informs the pulse
equipment via line 41, whereupon the information is
received via line 32. When the decoder has detected a
character in the pulse register 17 signifying the end of
the message, the pulse equipment 1s iInformed by control
logic 26. The switches 28a, 28b are meant for shunting
of the switching unit 3 and the pulse equipment, for
instance in case of break-down or absence of primary
power. These switches may consist of a relay taking the
positions 42a, 42b, respectively in case of absence of
primary power or being controlled by a logic circuit
actuating both switches 28a and 28b.

According to an alternative embodiment of the in-
vention shown in FIG. 4, the switching unit operates
with only two switching states. Lines 29 and 31 of FIG.
3 are replaced by parallel hnes 30 in FIG. 4 between the
pulse equipment 5, 7, 9, 11 on one hand, and pulse regis-
ter 17 and decoder 18, on the other. Thus, if the charac-
ter received 1n the pulse register 17 and decoded by
decoding unit 18 1s a C-character, the control logic 26
will inform the pulse equipment that it may transmit
information on hines 30 via pulse register 17, which is
connected with the output 34 of the switching unit via
line 39, AND-gate 23 and OR-gate 25. Thus, in this case
the conditions of the AND-and OR-gates will not be
changed, i.e. that the switching unit will maintain its
second switching state.
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Information transmitted from the master pulse equip-
ment 1 to a specific pulse equipment Sor 7or 9or 11 is
received in said equipment via lines 30 after the control
logic 26 has informed the equipment via line 4 that it has
information to receive appearing on lines 30.

Which of these two embodiments of the switching
unit i1s preferred depends on whether the pulse equip-
ment is arranged to receive and transmit the bits which
constitute a character in serial or parallel.

The rate of all information transmitted and received
is preferably determined by a clock included in the
demodulator and adapted to control the components of
the terminal units 4, 6, 8, 10 via line 43. If required, the
clock signal can be amplified at the in- and outputs of
each terminal unit by means of amplifiers 44a and 44b,
respectively.

The terminal units 4, 3, 8, 10 forming part of a trans-
mission system of the kind here referred to, include, for
example, data terminals or computers or any other
equipment operating with pulses. In its most extreme
form, the data transmission system according to the
invention may include only one subordinated terminal
unit interconnected with the master pulse equipment via
modulator/demodulator units.

What I claim is:

1. Apparatus for the transmission of data characters in
pulse form from a plurality of terminal units to a master
unit comprising in combination:

pulse mput and pulse output means for each said
terminal unit and for said master unit,

a single series loop connecting said terminal units in
series along said loop between the pulse output
means and pulse input means of said master unit
and over which pulses originating either with said
master unit or any terminal unit are transmitted
always in the same predetermined direction,

each said termnal unit including;:

(a) pulse responsive means connected to said pulse
input means for receiving pulses appearing at said
pulse input means,

(b) decoding means distinctively responsive to pulses
recelved by said pulse responsive means,

(c) and logic means responsive to said decoding
means for normally interconnecting said pulse
input and pulse output means to thereby complete
the loop at said termuinal unit,

(d) said logic means in response to a distinctive pat-
tern of said pulses appearing at the associated pulse
input means interrupting the loop between said
pulse input and pulse output means only at a termi-
nal unit having data to transmt and enabling the
application to the associated pulse output means of
stored data of arbitrary variable length as required
by said terminal unit for transmission over the loop
to said master unit,

(e) said logic means being effective upon the opening
of said loop at the first upstream terminal unit hav-
ing data to send for inhibiting the receipt at any
downstream termunal unit of pulses otherwise ef-
tective to control said downstream terminal unit to
transmit data.

2. The apparatus of claim 1 wherein each said termi-
nal unit at the conclusion of its data transmission trans-
mitting over said loop pulses to thereby control the
downstream terminal units having data to send to seri-
ally transmit thewr data to said master unit.

3. The apparatus of claim 1 wherein said logic means
In response to a first distinctive order character appear-
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ing at the associated pulse input means opens the normal
said interconnection between said pulse input and pulse
output means to thereby enable only the first upstream
terminal unit having data to send to respond to a second
distinctive order character,

said logic means being responsive to said second dis-
tinctive order character at said pulse input means
to enable the application to said pulse output means
of the stored data.

4. The apparatus of claim 3 wherein said pulse re-
sponsive means comprises a shift register and wherein
said logic means when rendered responsive to said sec-
ond distinctive order character operatively connects
said puise output means to the output of said register to
thereby cause the contents of said register to be shifted
out of said register and into the register of the next
downstream terminal unit in response to the appearance
of pulses at said pulse input means.

3. The apparatus of claim 1 in which said master unit
includes means for transmitting data characters over
said loop in said predetermined direction to one or more
selected terminal units.

6. Apparatus for the transmission of data characters in
pulse form from a plurality of terminal units to a master
unit comprising in combination:

pulse tnput and pulse output means for each said
terminal unit and for said master unit,

a single series loop connecting said terminal units in
series along said loop between the pulse output
means and pulse input means of said master unit
and over which pulses oniginating either with said
master unit or any terminal unit are transmitted
always tn the same predetermined direction,

each said terminal including:

(a) a pulse responsive means connected to said pulse
input means for receiving pulses appearing at said
pulse input means,

(b) decoding means distinctively responsive to the
pulses received by said pulse responsive means,

(c) and logic means being distinctively responsive to
at least one distinctive pattern of pulses detected by
saild decoding means which is the same for each
terminal unit and appearing on said loop and effec-
tive only when said terminal unit has data to send,

(d) said logic means when so distinctively rendered
responsive enabling the application to said pulse
output means of data of any desired variable length
as required by said terminal unit for transmission
over said loop in said predetermined direction to
said master unit,

(e) the first upstream terminal umit having data to
send acting to inhibit the receipt at any down-
stream terminal unit of a pattern of pulses other-
wise effective to control said downstream terminal
unit to transmit data. :

7. Apparatus for the transmission of data in pulse

form a plurality of which constitute a character from a
pturahty of terminal units to a master unit comprising in

60 combination:

63

pulse mput and pulse output means for each said
terminal unit and for said master unit,

a single series loop connecting said terminal units in
sertes along said loop between the pulse output
means and pulse input means of said master unit
and over which pulses originating either with said
master unit or any terminal unit are transmitted
always in the same predetermined direction,
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a pulse responsive means connected to said pulse
mput means at each said terminal unit and respon-
sive to each coded character appearing at said
pulse 1nput means,

decoding means at each terminal unit distinctively
responsive to different characters received by said
pulse responsive means,

logic means at each said terminal unit controlled by
said decoding means and responsive to a distinctive
synchronizing character transmitted from said mas-
ter unit for operatively interconnecting said pulse
input means to said pulse output means to thereby
cause any character transmitted over said loop to
be substantially simultaneously received at each
terminal unit and be received by said pulse respon-
sive means,

said logic means at said plurality of terminal units
being further responsive to the reception of at least
one distinctive character simultaneously at said
plurality of terminal units to operatively disconnect
said pulse mmput means from said pulse output
means only at each terminal unit having data to
send,

and means at said plurality of terminal units and effec-
tive only at those terminal units which responded
to said distinctive character for controlling said
terminal units sequentially to transmit data over
said loop and via successive downstream terminal
units to said master unit.

8. The apparatus of claim 7 which includes means
controlled by said logic means and effective when the
associated terminal unit has data to send and receives
said first distinctive character for connecting said pulse
input means to said pulse output means only through
said pulse responsive means, whereby each said pulse
responsive means included in a terminal unit having
data to send 1s included in series in said Joop.

9. Apparatus for the transmission of data in pulse
form a plurality of which constitute a character from a
plurality of terminal units to a master unit comprising
commbination:

pulse input and puse ocutput means for each said ter-
minal unit and for said master unit,

a single series l00p connecting said terminal units in
series along said loop between the pulse output
means and input means of the master unit and over
which pulses originating either with said master
unit or any terminal unit are transmitted always in
the same predetermined direction,

first means at each terminal unit responsive to a first
distinctive signal appearing at the associated pulse
input means only if said terminal unit has data to
send for opening said loop,

second means at each terminal unit which is effective
in response to a second distinctive signal applied to
the associated pulse input means only at those ter-
minal units which responded to said first signal for
applying to the associated pulse output means the
data stored at said terminal umit for transmission
over said series loop to said master unit,

means at each said terminal unit responsive to a signal
other than said second signal and received from the
immediately preceding upstream station for reclos-
ing the loop at said terminal unit.

10. Apparatus for the transmission of data from a

plurality of terminal units to a master unit comprising in
combination:
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pulse input and pulse output means for each said
terminal unit and for said master unit,

a single series loop connecting said terminal units 1n
series along said loop between the pulse output
means and input means of the master unit and over
which pulses originating either with said master
unit or any ternmnal unit are transmitted always in
the same predetermined direction,

and means at said plurality of terminal units, and
initiated into operation in response to signals trans-
mitted over said loop, said signals acting serially
only on said means at a single terminal unit at a
time and only on those terminal units having data
to transmit and 1n the order in which they appear
on said loop In said predetermined direction to
mterrupt said loop and to apply to said loop to said
master unit for transmission over the remainder of
the loop the data of arbitrary variable length stored
at the respective terminal unit.

[11. The apparatus of claim 10 in which said master
unit includes means for transmitting data characters
over said loop 1n said predetermined direction to one or
more selected terminal units. ]

12. Apparatus for the transmission of data characters
m pulse form from a plurality of remote stations to a
master unit comprising tn combination:

at least one terminal unit included in each said remote
station;

a modulator and a demodulator for each said remote
station and for said master unit;

said at least one terminal unit at each said remote
station being connected serially between the de-
modulator and the modulator for the associated
station, said remote stations being serially con-
nected to each other over a series loop extending
between the modulator and demodulator of said
master unit;

each said terminal unit including,

(a) a register for receiving and storing distinctive
characters transmitted over said series loop both
from said master unit and from any upstream re-
mote station,

(b) decoding means distinctively responsive to the
characters stored in the associated register,

(c) logic means responsive to said decoder,

(d) data storage means for storing data for selective
transmission over said loop to said master unit, and,

(e) pulse input means and pulse output means,

(f) a gate connected between said pulse input and
pulse output means,

sald logic means being at times operable In response
to distinctive pulse signals appearing on said loop
and 1n the associated register to open said gate and
thereby prevent the application of pulses to said
pulse output means from said pulse input means and
to connect said data storage means to said pulse
output means for transmission of said data over said
loop to said master unit,

said logic means being effective upon the opening of
said loop at the first upstream terminal unit having
data to send for inhibiting the receipt at any down-
stream terminal unit of an order character other-
wise effective to control said downstream terminal
unit to transmit data.

13. Apparatus for the transmission of data from a

plurality of remote stations to a master unit comprising
in combination:
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at least one terminal unit included in each said remote
station;

a modulator and a demodulator for each said remote
station and for said master unit:

said at least one terminal unit at each said remote
station being connected serially between the de-
modulator and the modulator for the associated
station, said remote stations being serially con-
nected to each other over a series loop extending
between the modulator and demodulator of said
master unit;

each said terminal unit including,

(a) a register for recetving and storing distinctive
characters transmitted over said series loop both
from said master unit and from any upstream re-
mote station,

(b) decoding means distinctively responsive to the
characters stored in the associated register,

(c) logic means controlled by said decoder,

(d) data storage means for storing data for selective
transmission over said loop to said master unit, and

(e) pulse input means and pulse output means,

said logic means being normally in a first condition
wherein said logic means i1s effective to connect
said pulse input means to said pulse output means,

satd logic means being further operable to a second
condition in response to a distinctive signal appear-
Ing in said register at a time when said data storage
means is storing data for transmission to said master
unit to disconnect said pulse output means from
said pulse input means to thereby open said loop at
each terminal unit having data to send,

said logic means when in its said second condition
being additionally responsive to a particular dis-
tinctive signal appearing in said register to opera-
tively connect said data storage means to said
[data] pulse output means only at the first up-
stream terminal umit which had data tc send, said
logic means when in its said second condition being
responsive to any further signal in said register
other than said particular distinctive signal to re-
store said logic means to its said first condition and
thereby connect said [data] pulse input means to
said [data] pulse output means at all terminal units
other than said first upstream terminal unit.

14. The apparatus of claim 13 wherein said logic
means when in its said second condition connects said
pulse input means to said pulse output means only
through said register.

15. Apparatus for the transmission of data characters
in the form of pulses from a plurality of remote stations
to a master unit comprising in combination:

at least one terminal unit included in each said remote
station;

a modulator and a demodulator for each said remote
station and for said master unit;

said at least one terminal unit at each said remote
station being connected serially between the de-
modulator and the modulator for the associated
station, said remote stations being serially con-
nected to each other over a series loop extending
between the modulator and demodulator of said
master unit and over which pulses originating with
either said master unit or any terminal unit are
transmitted always in the same predetermined di-
rection; each said terminal unit including means
normally effective to maintain said series loop
closed at said terminal unit but being responsive to

12

distinctive signals appearing on said loop to inter-
rupt said loop and to apply to said loop pulses of
any number as determined solely by said terminal
unit for transmission to said master unit.
5 16. Apparatus for the transmission of data from a
plurality of terminal units to a master unit comprising in
combination:

pulse input and pulse output means for each said
terminal unit and for said master unit,

a single series loop connecting said terminal units in
series along said loop between the pulse output
means and pulse input means of said master unit
and over which pulses originating either with said
master unit or any terminal unit are transmitted
always in the same predetermined direction,

first means at each said terminal unit responsive to a
distinctive first signal appearing at the associated
pulse input means only when said terminal unit has
data to send for operatively disconnecting said
pulse input means from said pulse output means,

second means at each said terminal unit responsive to
a distinctive second signal appearing at the associ-
ated pulse input means only provided that said first
means has been rendered responsive to said distinc-
tive first signal for applying the data stored at said
terminal unit to the associated pulse output means,

each said terminal unit at the termination of its trans-
mission of data over said loop to said master unit
transmitting both said distinctive first and second
characters and also operatively reconnecting the
associated pulse input and pulse output means,

whereby the transmission of said distinctive first and
second characters by said master unit causes the
transmission of data only from the first upstream
station tn said loop having data to send and the
subsequent transmisston of said distinctive first and
second characters by said first upstream station
causes the transmission of data only from the next
station downstream of said first upstream station
which had data to send, and so on, until every
statton 1n said loop which had data to send has
transmitted its data in turn over said loop to said
master unit.

17. A method of data transmission between a master
urmit and a plurality of remote terminal units each having
a pulse input and a pulse output which are normally
operatively interconnected and with said terminal units
being serially connected 1n a loop extending from the
pulse output to the pulse input of the master unit, said
50 method comprising the steps of:

transmitting from said master unit to each said termi-
nal unit over said loop a first distinctive signal,

decoding said first signal at each terminal unit and in
response thereto interrupting said loop provided
only that said terminal unit has data to transmit,

transmitting from said master unit over said now
interrupted loop a second distinctive signal,

decoding said second signal only at the first upstream
terminal unit which had data to transmit and in
response thereto applying to said loop the data
stored at said terminal unit for transmission to said
master unit,

transmitting again at the termination of the data trans-
mission from said first upstream terminal unit said
first and second distinctive signals.

18. A method of data transmission between a master

unit and a plurality of terminal units each having a pulse
input and a pulse output and with said terminal units
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being serially interconnected in a loop extending from
the pulse output to the pulse input of the master unit,
sald method comprising the steps of:

at times transmitting at least one distinctive order

character over said loop from said pulse output of 3

said master unit to initiate a cycle of data transmis-
sion from all those terminal units, one at a time,
which are ready to transmit data to said master
unit,

in response to said at least one distinctive order char-
acter interrupting said loop only at a terminal unit
having data to send and applying to said loop at
said terminal unit the stored data of arbitrary vari-
able length for transmission to said master unit,

said transmission of data from said master unit and
also from each said terminal unit always occurring
in the same direction around said loop.

19. A method of synchronous data transmisston over

a loop comprising a serial transmission channel extend-
ing between the output and 1nput of a master unit and
having a plurality of terminal units each including an
input and an output which are sernially connected in said
loop, each terminal unit being selectively operable be-
tween two distinctive conditions in a first of which its
input 1s effectively connected to 1ts output and in the
second of which the input is not connected to the output
and 1n response to signals appearing at the mput said
terminal unit 1s operated between its two said distinctive
conditions, the transmission of data from the master unit
or from any terminal unit proceeding always In the
same direction over the loop, the method steps compris-
Ing.

controlling each terminal unit to its said first condi-
tion 1n response to the receipt of a first distinctive
signal at 1ts input as momitored by the associated
register,

controlling each terminal unit having data to send to
1ts second distinctive condition in response to the
reception of a second distinctive signal at its input
as monitored by the associated register,

and thereafter transmitting stored data over said loop
only from the first upstream terminal unit which is
now 1n 1ts second distinctive condition following
the resetting of each downstream terminal unit
which was operated to its said second distinctive
condition back to its said first distinctive condition.

20. The method of claim 19 wherein said first up-
stream terminal unit at the conclusion of its data trans-
mission transmits over the loop a further second distinc-
tive character to thereby control all downstream termi-
nal units having data to transmit to their second distinc-
tive condition, and thereafter transmitting over the loop
the stored data from the first downstream terminal unit
of the group of terminal units which was operated to its
second distinctive condition in response to said further
second distinctive character while concurrently restor-
Ing to 1ts first distinctive condition each remaining ter-
minal unit.

21. Apparatus for the transmission of data from a
plurality of terminal units to a master unit comprising in
combination:

pulse input and pulse output means for each said
terminal unit and for said master unit,

a single series loop connecting said terminal units in
sertes along said loop between the pulse output
means and input means of the master unit and over
which pulses originating either with said master
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unit or any terminal unit are transmitted always in
the same predetermined direction,
control means at any one of said terminal units which
1s rendered effective, only when said terminal unit
has data to transmit, in response to a single occur-
rence on said loop of distinctive signals applied to
the associated pulse input means, said control
means when so rendered effective opening at least
at the first upstream terminal unit having data to
transmif a normally closed by-pass means which
when 1n 1ts normally closed condition permits the
retransmission from the output means of said one
terminal unit of any signals appearing at 1ts input
means, and further means effective at the first up-
stream terminal unit with data to transmit and
when 1ts said by-pass means 1s open for applying to
said output means the data of whatever length is
then stored at said one terminal unit,
and additional means at each said terminal unit for
applying to said pulse output means at the conclu-
sion of data transmission said distinctive signals to
initiate the transmission of data from the next
downstream terminal unit having data to transmit,

whereby the single occurrence of a transmission of
said distinctive signals from said master unit initi-
ates a cycle of data transmission sequentially from
all terminal units having data to transmit.

22. A method of data transmission between a master
unit and a plurality of terminal units each having a pulse
input and a pulse output and with said terminal units
being serially interconnected in a loop extending from
the pulse output to the pulse input of the master unit,
said method compnising the steps of:

transmitting onto said loop from said master unit

distinctive signals when i1t 1s desired to initiate a
cycle of data transmission from all terminal units
having data to transmuit,
responding to each occurrence of said distinctive
signals at least at the first upstream terminal unit
ready to transmit data to the master unit by open-
ing a normally closed by-pass which 1s effective
only when closed to repeat at the output means of
said terminal unit the signals received from said
loop at its imput means, applying to the output
means the data of whatever length is then stored at
said terminal unit while said by-pass 1s open,

transmitting from the output means of said terminal
unit at the conclusion of data transmission said
distinctive signals to initiate the transmission of
data from the next downstream station ready to
transmit data to the master unit,

and initiating a cycle of data transmission from all

terminal units having data to transmit by a single
transmission from said master unit of said distinc-
tive signals.

23. A method for controlling the transmission of data
over a common loop communications channel from a pfu-
rality of terminal units each connected to said loop com-

prising the steps of:

transmitting on said loop a distinctive signal to initiate
data transmission over said loop from those terminal
units having data to send;

responding at a terminal unit on said loop which has
data to send and which is responsive to satd distinctive
signal by interrupting said loop at said terminal unit,
by placing on said loop the data at said terminal unit,
and by thereafter placing on said loop at said terminal
unit said distinctive signal at the termination of the
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transmission of the stored data for similarly effecting
the transmission of data from a further terminal unit
having data to send,

said transmission of said distinctive signal and of said
data always occurring in the same direction around
said loop.

24. The method of claim 23 in which said distinctive
signal and said data on said loop comprise electrical sig-
nals.

23. A method for transmitting data from a plurality of
terminal units over a unidirectional communications loop,
the method comprising for each individual terminal unit of
said plurality the steps of:

a. transmitting data from the terminal unit over the loop
in response to reception at that terminal unit, at a time
when it has data to send, of an order signal propagated
over the loop;

b. blocking at the terminal unit onward passage of the
received order signal over the loop when the terminal
unit has data to send; and

c. repropagating said order signal over the loop for on-
ward passage from the terminal unit following each
transmission of data from that terminal unit.

26. In a method of data transmission from terminal
units that are connected in a communications loop, in
which an order signal for initiating such transmission is
transmitted on the loop to reach the terminal units sequen-
tially, and in which each terminal unit having data to
transmit sends data over the loop in response to the condi-
tion in which the order signal reaches that terminal unit
over the loop, the improvement wherein the response of the
terminal unit to said condition includes blocking the on-
ward transmission of the order signal past that terminal
unit in the loop, and transmitting from the terminal unit
itself said order signal onward in the loop following trans-
mission of the data from that terminal unit.

27. The method of claim 25 or claim 26 wherein said
order signal is a predetermined signal combination having
first and second parts and said blocking of the order signal
in its onward transmission is effected by altering said sec-
ond part.

28. Apparatus for transmitting data over a communica-
tions loop, said apparatus comprising a plurality of termi-
nal means for individually propagating data and order
signals over the loop, and a unidirectional signal-transmis-
sion path, said path intercoupling the terminal means seri-
ally in the loop for communicating data and order signals
onward in the loop between the successive ones of the termi-
nal means, each said terminal means comprising:

(/) first means coupled in said path, said first means
being selectively operable for interrupting onward
transmission in the loop from the respective terminal
means of signals received from said path at that termi-
nal means;,

(i) second means coupled to said path, said second means
being conditioned only when said terminal means has
data to send over the loop to provide a distinctive
response upon reception from said path of a predeter-
mined order signal;

(iir) third means for operating said first means in re-
sponse to said distinctive response of said second
means, to interrupt onward transmission beyond the
respective terminal means of said predetermined order
signal;

({v) fourth means responsive to said distinctive response
of said second means to propagate in said path for
transmission onwardly in the loop from the respective
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terminal means, signals in accordance with said data
at that means; and
(v) fifth means operative to propagate said order signal in
sard path for transmission onwardly in the loop from
the respective terminal means following each trans-
mission for that terminal means of the dara signals.
29. Apparatus for the transmission of data over a unidi-
rectional communications loop, said apparatus comprising
a plurality of terminal units intercoupled with one another
serially in said loop for inputting data to the loop, each said
terminal unit comprising first means providing as part of
said loop a selectively-blockable signal pathway through
the respective terminal unit for signals received at that
terminal unit in the loop, said first means being condi-
tioned in the event that the respective terminal unit has
data to send to respond to reception at the respective termi-
nal unit of a predetermined order signal received at that
terminal unit in the loop to block said pathway to onward
transmission of said order signal, second means responsive
to said order signal when the respective terminal unit has
data to send for propagating in said loop from the respective
terminal unit signals in accordance with the data for trans-
mission onward from that terminal unit in the loop, and
third means for propagating said order signal for transmis-
sion onward in the loop from the respective terminal unit

following transmission from that terminal unit of said data

signals.

30. Control apparatus for operatively connecting each of
a plurality of terminal units to a loop-type unidirectional
communications channel, said apparatus at each terminal
unit comprising:

first means for detecting signals on said loop, said first

means being rendered distinctively responsive to an
order signal on said loop only in the instance when the
terminal unit has data to send,

second means normally permitting the onward passage

of signals on said loop but being effective to block the
onward transmission of said order signal in the event
that said first means has been rendered distinctively
responsive as aforesaid,

third means also responsive to said order signal on said

loop for transmitting signals onto said loop in accor-
dance with said data,

and fourth means effective after the transmission of said

data signals to transmit said order signal onto said
{oop.

31. Control apparatus for coupling data and order sig-
nals between a terminal means and a unidirectional com-
munications loop to which a plurality of such terminal
means are connected,; sard control apparatus comprising:

first means for providing a normally unblocked but

selectively blockable signal pathway through said
control appparatus for signals on said loop received at
such control apparatus, said signal pathway forming a
part of said loop;

second means effective when the assoctated terminal

means has data to send to respond o the reception at
such control apparatus of a predetermined order sig-
nal transmitted on the loop to operate said first means
so as to block said pathway to onward transmission of
said order signal;

third means also responsive to said order signal, and

effective when said first means has been operated by
satd second means to block said pathway, to enable
the propagation over said loop of signals in accordance
with data inputted to the associated terminal means;
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said third means being rendered effective by said second

and fourth means rendered effective following each part of said order signal to propagate said data sig-

transmission of said data signals for propagating said nals.
der sional ’r 33. The data transmission apparatus of claim 32 wherein
oraer signal over saig toop. ‘ 5 said third means comprises means responsive to the condi-
32. The data transmission apparatus of claim 31 wherein tion in which said second part of said order signal is not

received immediately following the reception of said first

said predetermined order signal comprises first and second part of said order signal, to operate said first means to its
normal condition to unblock said signal pathway.
10 34. The apparatus of claim 10 in which said master unit
said second means being responsive to said first part of  includes means for transmitting data characters over said
loop in said predetermined direction to one or more selected
terminal units.
said pathway to said second part, and I
15
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said order signal to operate said first means to block
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