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{57] ABSTRACT

A telephone system with a plurality of subscriber lines
branched off a common trunk line with a number of
parallel channels less than the number of subscriber
lines includes a single service line extending from a
terminal station to all the subscriber stations for the
exchange of call, switching and disconnect signals.
Each subscriber station is allotted a time slot in a
scanning cycle established at the central office by a
master clock and characterized by a relatively wide
starting pulse followed by a series of relatively narrow
address pulses each initiating a signaling interval as-
signed to a respective subscriber. A timer at a sub-
scriber station, responding to the starting pulse, mea-
sures a delay period individual to that station at the
end of which the assigned address pulse starts a slave
clock conditioning the subscriber station for the trans-
mission and reception of signals during specific phases
of its time slot and for the seizure or release of a chan-
nel of the trunk line in response thereto.
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TRAFFIC CONCENTRATGR FOR
TELECOMMUNICATION SYSTEM WITH TREE
STRUCTURE

Our present invention relates to a traffic concentra-
tor for telephone or other telecommunication systems
wherein a number of local lines branch off a common
trunk line at different locations so as to constitute a
communication network of treelike structure.

Conventional traffic concentrators, designed to
establish communication between a central office and a
multiplicity of outlying stations (hereinafter referred to
as subscriber stations) scattered throughout an area in
need of relatively infrequest service, include a
generally star-shaped network of local lines radiating
from a common junction to the several subscriber sta-
tions, this junction being connected to the associated
central office by way of a trunk line with a number of
parallel channels (such as pairs of metallic conductors
or different frequency bands carried by a coaxial cable)
whose number is substantially less than the number of
local lines served thereby. Such a network configura-
tion, however, is not practical in certain instances
where the several subscriber stations are disposed in a
generally linear array, e.g. along a highway, river,
shoreline, railroad track, mountain trail or electric
power line.

The general object of our present invention is to pro-
vide a traffic concentrator suitable for such a linear
telecommunication system.

A more specific object is to provide a tree-shaped
communication network of this type wherein all sub-
scriber stations may have relatively simple and substan-
tially identical circuitry and wherein all switching
operations are controlled and monitored from a com-
mon terminal with effective safeguards against possible
malfunction.

A related object is to minimize the consumption of
electric energy at the several subscriber stations so as
to enable their -energization from a common power
supply at a such terminal.

A telecommunication system according to the
present invention, operating on the principle of traffic
concentration as outlined above, includes a common
service line interconnecting the terminal equipment of
the central office and the several subscriber stations
sharing a common trunk line, this service line being
connected at the terminal station to primary signaling
means for periodically addressing each subscriber sta-
tion in a code individual thereto and at each subscriber
station to secondary signaling means responsive to
command signals from the terminal station to control
the associated switch means for establishing or discon-
tinuing a connection between a subscriber station so
addressed and the trunk line. _ )

If the number of subscribers is very small and/or the
traffic density is low, the trunk line may provide only a
single channel. In the more general case, there will be a
plurality of such chennels each accessible to any of the
more numerous subscriber lines.

In an advantageous embodiment, the code utilized
for the selective addressing of the several subscriber
stations is the time position of an address pulse in a
scanning cycle initiated by a starting pulse which is
characteristically different from the address pulses
(preferably of greater width) and which is periodicaliy
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emitted by the terminal equipment. The several address
pulses divide the scanning cycle into a plurality of time
slots of predetermined duration individually allotted to
each subscriber station; at a given subscriber station, a
decoder responsive to arrival of the starting pulse mea-
sures a time interval individual to that station for condi-
tioning its circuitry to respond to the assigned address
pulse at the end of the measured interval. This address
pulse, in turn, starts a slave clock circuit at the sub-
scriber station to measure the length of the time slot as
established by a master clock circuit at the terminal sta-
tion, the two clock circuits being substantially
synchronized so that information can now be
exchanged between the terminal and the subscriber sta-
tion in the form of further pulses having a characteristic
time position within the allotted time slot. The informa-
tion so exchanged may include signals transmitted from
the subscriber station to the terminal to indicate that a
subscriber is ready to initiate a call or that the station is
busy, i.e. has seized a channel of the trunk line; other
signals, transmitted from the terminal over the service
line in the allotted time slot, may identify an available
channel to be seized by the subscriber station in
response to a request signal from that station or in the
presence of an incoming call from another subscriber.

According to another feature of our invention, the
terminal equipment is provided with means for moni-
toring the several channels of the trunk line to deter-
mine their idle or engaged state. If a channel previously
seized by a subscriber station is found to be idle, yet if
that station continues to send a busy signal over the ser-
vice line as determined by a verification circuit also
connected with the monitoring means, a disconnect
signal is transmitted to the subscriber station within the
allotted time slot to release the channel. The channel-
identifying signal, commanding seizure, and the discon-
nect signal, commanding release, may be transmitted
within the same specific phase of the allotted time slot
and may be distinguished from each other by the fact
that the identifying signal is a single pulse (or a com-
bination of a few pulses) in a given time position as-
signed to the corresponding channel whereas the
disconnect signal is a train of such pulses coinciding
with all the avaiiable time positions, a storage circuit
responsive to the cumulative pulse energy of the
disconnect signal discriminating between the latter and
the seizure command. -

The above and other features of our invention will be
described in greater detail with reference to the accom-
panying drawing in which:

FIG. 1 is a diagrammatic view showing the overall
layout of a telephone system embodying our invention;

FIG. 2 is a graph of a series of pulses transmitted dur-
ing a scanning cycle from a terminal station forming
part of the system of FiG. 1;

FIG. 3 is a set of graphs showing different types of
signals adapted to be exchanged between the terminal
station and a subscriber station during a scanning cycle
allotted thereto; .

FIG. 4 is a block diagram of the circuitry of a sub-
scriber station forming part of the system; and

FIG. § is a similar block diagram showing the cir-
cuitry of the terminal station.

The system shown in FIG. 1 comprises a terminal sta-
tion including central-office equipment C and a
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switching network generally designated UC, this net-
work being shown divided into a conventional cross-
bar or cross-point switch MC and associated logic cir-
cuitry LUC. Unit C is connected to cross-bar switch
MC, in a manner more fully described hereinafter with
reference to FIG. §, through a multiplicity of links Uz,,
Uty, Uty, . . . Ut, pertaining to as many subscriber sta-
tions Dy, Dy, . . . D, provided with respective telephone
sets AUy, AUs,, . . . AU, Stations D, - D, are connected
to different branching points along a common trunk
line G forming a lesser number i of parallel channels
G4, G, ...G

Each subscriber station is shown to include logic
LDy, LD, . . . LD, and a relay circuit RD,, RD,, . .
RD, for selectively connecting the corresponding
telephone set to any one of the several channels G, -
G;. The logic circuits LUC and LD, — LD, are all inter-
connected by a common service line LS which inter-
venes in the exchange of switching signals between the
terminal and subscriber stations and which also sup-
plies electrical energy from the terminal station to the
subscribers. as likewise described in greater detail
below.

The leads Ut, — Ut, serve for the transmission of dial
pulses or equivalent selection signals, received via
trunk line G, from any calling subscriber to exchange C

+in a manner well known per se and therefore not
described in detail; the same leads are used for trans-
mitting to the unit UC a call signal identifying any of
the several subscribers stations D, — D, on an incoming
call to such station from any other station associated
with trunk line G or otherwise served by the exchange
C. Leads UT, - UT, also serve for message transmis-
sion.

FIG. 2 illustrates a train of pulses defining a scanning
cycle T,, this cycle beginning with a relatively wide
starting pulse St and including a multiplicity of address
pulses S, - S, allocated to the several subscriber sta-
tions D, — D,. The period T, between successive ad-
dress pulses represents a time slot allotted to the
respective subscriber station; it will be noted that the
starting pulse St occurs in the latter part of the time slot
of station D,, within a so-called guard interval T
thereof (FIG. 3) during which no information is being
transmitted over line LS.

With the address pulses $,, S; etc. characteristically
spaced from starting or reference pulse St, each sub-
scriber station can -effectively discriminate against all
address pulses assigned to other stations by measuring a
interval m + (k—I)T, where m is the invariable spacing
between pulses St and S, whereas k represents the cor-
responding subscript ranging between ! and n. FIG. 3
shows such a time slot divided into four distinct phases
T, Tu, Tir and Ty, the last one constituting the afore-
mentioned guard interval designed to prevent cross-
talk in the event of incomplete synchronization of the
clock circuits at the terminal station and at the several
subscriber stations. Phase T; is reserved for the trans-
mission and reception of the address pulse S, whose ar-
rival at station D, initiates the measurement of the al-

lotted time slot having the total duration T,. Phase Ty -

is used for the retransmission of signals from the sub-
scriber station to the terminal, these signals being
characterized by their time positions within phase T;; as
either a request signal RCO, indicating that the sub-
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4

scriber at the outlying station has lifted the receiver to
initiate a call, or a busy signal OC, indicating operation
of one of the associated switching relays to seize one of
the channels of trunk line G (FIG. 1). Phase Ty, is
reserved for the selective transmission of channel-
identifying pulses C;, C,, . . . Cy, characterized by their
time positions within that phase, and of a train of pulses
DC coinciding with all these time positions, this pulse
train representing a disconnect signal. It may be men-
tioned that the selection of an available channel could
be indicated by code combinations of two or more pul-
ses, rather than by a single pulse as shown, and that in
such a case the number of time positions reserved for
these channel-identifying pulses may be considerably
less than the number i of these channels.

During the guard interval Ty, which may extend
over more than half the duration T, of a time slot, the
circuits of station D, are inoperative so as not to
respond to pulses on line LS destined for other sub-
scriber stations but falling within the time slot
established by station Dy, owing to inadequate
synchronization.

FIG. 4 shows details of the subscriber station Dy, in-
cluding the telephone set AU,, the logic LD and the
relay circuit RD; thereof. Logic LDy includes a
receiver RC and a transmitter Tr both connected to
service line LS; since transmitter Tr operates only dur-
ing phase T,, whereas the output of receiver RC is inef-
fectual except during phases T, and Ty, no special
precaution is required to prevent the transmitter output
from reaching the input of the receiver.

Receiver RC works into a pulse-width discriminator
ST which detects the relatively wide starting pulse St at
the beginning of any scanning cycle and, in response
thereto, triggers a delay line or circuit M measuring the
aforementioned interval m + (k—I)T at the end of
which a timing pulse appears in its output and is trans-
mitted to a counter CT via an OR gate a. On the trailing
edge of this timing pulse, counter CT via a line 201
energized an input of an AND gate b in time for the ar-
rival of the corresponding address pulse Sy which is fed
from receiver RC over a lead 202 to the other input of
AND gate b so that a further timing pulse is transmitted
through OR gate a to counter CT. The trailing edge of
this latter pulse starts a clock circuit C, feeding a
predetermined number of clock pulses by way of OR
gate a to counter CT; the occurrence of these clock
pulses coincides with the several time positions for pul-
ses OC, RCO and C, — C, described in connection with
FIG. 3. Clock circuit C, stops upon the return of
counter CT to its zero position.

Counter CT has two further outputs 204, 205
responding to the first two clock pulses from unit Cp to
open respective gates (not shown) in transmitter Tr for
the passage of signals from relay circuit RD, over a lead
206 and from telephone set AU, over a lead 207 to ser-
vice line LS.

The first of these signals indicates actuation of any
one of several relays R;, R, . . . R, in circuit RD; , each
of these relays being assigned to a respective channel of
trunk line G and serving to connect this channel to the
talking wires (not shown) of telephone apparatus AU,
for the transmission and reception of messages over the
trunk. Relays R, ~ R, are advantageously of the mag-
netically latched type requiring energization only for
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switchover from an unactuated to an actuated state or
vice versa. Thus, concurrent energization of leads 204
and 206 resuits in the appearance of a busy pulse OC
(FIG. 3) on line LS.

The signal on lead 207 emanates from a voltage
generator RS connected in the line loop 208 of
telephone set AU,. Closure of this loop by the usual
hook switch, upon a lifting of the receiver by a sub-
scriber wishing to initiate or to start a call, is thus re-
ported to the central office C (FIG. 1) by the concur-
rent energization of leads 205 and 207, resulting in a
request pulse RCO (FIG. 3) transmitted via line LS to
terminal UC.

Next, the continuing generation of clock pulses by
unit Cp steps the counter CT to energize a succession
of leads cty, cts, . . . cty each terminating at one input of
an associated AND gate ¢y, ¢y, . . . ¢; whose other input
is connected to lead 202. The outputs d;, ds, . . . d; of
these AND gates are connected on the one hand to
respective operating windings (not shown) of the cor-
responding relays Ry, Ry, . . . R; and on the other hand,
through an OR gate f, to a voltage accumulator P
whose output lead e feeds all the restoring windings
(also not shown) of these relays. Thus, if a channel-
identifying puise (e.g. C,, FIG. 3) arriving over line LS
appears on lead 202 simultaneously with the energiza-
tion of the corresponding output lead (e.g. cty) of
counter CT, the associated AND gate (such as gate ;)
conducts and trips the respective relay (R,) to seize the
channel (Gy, FIG. 1) so identified. The brief energiza-
tion of a signal conductor d, - 4, by such a command
pulse, even if repeated in succession of scanning cycles,
is insufficient to generate an output on lead e capable
of restoring any previously actuated relay; such an out-
put, however, comes into existence in response to a
train of disconnect pulses DC (FIG. 3) which energize
the leads d, ~ d; in rapid succession and build up a
charge in voltage accumulator P of a magnitude suffi-
cient to release the seized channel.

All the active circuit elements of station Dy, includ-
ing units RS, and RD,, receive their operating energy
from service line LS via connections not further illus-
trated, this service line being connected at the terminal
to a power supply illustrated in FIG. 5 as a battery B.

FIG. § further shows details of logic network LUC
which includes a master clock circuit CpC working into
a pulse counter CtCU generally similar to counter CT
of FIG. 4. Counter C:CU, in turn, steps a second
counter CtU whose output lead StU is periodically
energized to deliver the starting pulse St (FIG. 2) to
service line LS by way of transmitter TrC. Line LS is
also connected to the input of a pulse receiver RCC
whose output iead 108 is connected in paraliel to
respective inputs of a pair of AND gates I, m having
other inputs connected to output leads 104, 105 of
counter Ct CU.

Counter CtCU is pericdically reset and restarted to
energize, successively, the leads 104 and 1¢S5 as well as
a further lead, Scr, the pulses on the latter lead appear-
ing on line LS as address pulses S, - S, shown in FiG. 2.
Upon the generation of each address pulse, counter
CtU is advanced by one step representing a time slot of
duration T, (FIG. 3) allotted to a respective subscriber
station identified by the energization of a correspond-
ing output lead Uy, Uy, . . . U,. After n such advances,
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corresponding to as many operating cycles of counter
CrCU, counter CtU energizes the lead S$tU to generate
the next starting pulse St. Thus, the duration of an
operating cycle of counter CrU, indicated at T, in FIG.
2, is n times that of counter C:CU. :
Leads 104 and 105 originate at consecutive phases of
counter C:CU and are energized in the same time posi-
tions with reference to any address pulse S ( generated
by the energization of lead Scr) as are the leads 204
and 205 in FIG. 4. The coincidence of a busy signal OC
(FIG. 3) from any outlying station with voitage on lead
104, therefore, unblocks the gate m and sets a flip-flop
FF' connected to the output thereof. Similarly, the ar-
rival of a request pulse RCO (FIG. 3) over line LS dur-
ing energization of lead 105 opens the gate [ and sets a
flip-flop FF'' controlled thereby. Both flip-flops are
periodically reset by the energization of lead Scr.
Flip-flop FF'’, when set, energizes a lead 106 which
extends through an OR gate OP to a logic matrix LC
containing conventional switching circuits for deter-
mining the availability of any channel G, - G, (FIG. 1)
of trunk line G and selecting the first such available
channel in response to an incoming request signal by
energizing one of several output leads cc,, cc,, . . . ccy
respectively allocated to these channels. Leads cc, — cc;
terminate at respective columns of cross-point switch
MC whose rows are connected to the outputs of respec-
tive AND gates s,, 53, . . . 5, €ach having an input ter-
minal tied to a corresponding output lead U,, U,, . .. U,
of counter CtU. Leads ccy, cc,. . . c¢; are further con-
nected by way of an OR gate OQ to the other inputs of
all these AND gates. A voliage appearing on, say, out-
put lead cc, of matrix LC during a time slot allotted, for
example, to subscriber station D, (FIG. 1), as deter-
mined by the energization of lead U,, therefore results
in the actuation of a junction relay at the intersection
between the first column and the second row of cross-
point switch MC to mark the first channel G, as seized,
this information being fed back to a matrix LC via a
cable 161 containing the necessary number of leads.
The operation of cross-point switch MC extends the
channel selected by matrix LC to one of the links Ut,,
Ut,, . . . Ut, leading from this switch to the central of-
fice C, i.e. the link assigned to the corresponding sub-
scriber station. Conversely, upon energization of any of
these links at the central office in response to an incom-
ing call destined for the corresponding out-lying sta-
tion, a circuit CU,, CU,, ... CU, such as a flip-flop is
actuated thereby to energize one of the inputs of an as-
sociated AND gate w,, wy, . . . w, whose other input is
tied to the corresponding output lead U,, U, ... U, of
counter CrU, the outputs of all these AND gates being
connected in parallel to a conductor 168 also terminat-
ing at OR gate OP. Thus, matrix LC also responds in
this case with the selection of an available channel
which is thereupon tied to the subscriber link by the
corresponding junction relay of cross-point switch MC
for the transmission of ringing current to the called sta-
tion. In that case, of course, the subsequent bypassing
of the loop current detector (FIG. 4) to switch a relay
of the group R, — Ri (after the subscriber of the called
station has picked up the telephone receiver) does not
result in the operation of another junction relay in
switch MC since only one such relay at a time can be
actuated in the row of the switch assigned to that sta-
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tion; relays Ry, R, . . . R; (FIG. 4) at the subscriber sta-
tion may be provided with electrical or preferably,
mechanical lockout means per se for preventing seizure
of more than one channel at a time.

A monitoring circuit RIG;, individual to a channel Gy
representative of any one of the several channels G, —
Gy, determines the current busy or idle state of that
channel and feeds this information to a logic circuit
LDCC; also individual thereto. Circuit LDCC;
exchanges continuous information with switch MC via
conductors 109/, 110j so as to be able to determine the
existence of discrepancy between the position of that
switch, in marking the particular channel G; as seized,
and the actual state of that channel found to be idle by
monitor RIG;. In the presence of such a discrepancy,
the corresponding junction relay of switch MC is
released and a signal indicating the clearing of the cor-
responding subscriber row of that switch is emitted via
a cable 103 to another logic circuit LDCU. The con-
current energization of one of the leads of cable 103
and of the output lead 107 of flip-flop FF’ in the
presence of voltage on the corresponding output lead
of counter CtU, generates the disconnect signal DC
(FIG. 3) on an output lead 111 of logic LDCU, the
transmission of this signal to the respective subscriber
station by way of line LS causing the release of that
channel as previously described.

Such a disconnect signal will be generated whenever,
owing to some malfunction, line LS carries a busy
signal OC in the time slot of a subscriber not actually
engaged in the transmission or reception of voice cur-
rents of other messages (e.g. dialing pulses) over any
channel to another subscriber or the central office.

Naturally, unit LUC includes as many counterparts
of circuits RIG; and LDCC; as there are channels G, —
G, in trunk line G. These circuits may operate at any
time to open one of the junctions of switch MC, in con-
- tradistinction to circuit LDCU which generates a

disconnected signal only during phase T, of the time
slot allotted to the station concerned.

As with conventional time-sharing systems, any of

the signals occurring in phase T, or Ty may be re-
“peated during successive time slots for as long as the
conditions giving rise thereto persist.

We claim:

1. A telecommunication system comprising:

terminal equipment; .

a trunk line comprising a plurality of parallel chan-
nels emanating from said terminal equipment;

a number of local lines greater than the number of
said channels branching off said trunk line at dif-
ferent locations and terminating in respective sta-
tions;

a common service line interconnecting said terminal
equipment and said stations;

switch means individual to each station for establish-
ing and discontinuing a connection between the
corresponding local line and said trunk line to
facilitate the exchange of messages between said
stations and said terminal equipment, said switch
means being operable to connect any local line to
any of said channels in response to an identifying
signal from said terminal equipment individually
addressed to the corresponding station;
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primary signaling means at said terminal equipment
connected to said service line for periodically ad-
dressing each of said stations in a code individual
thereto; and

secondary signaling means connected to said service

line at each station so addressed for controlling the
associated switch means in response to command
signals from said terminal equipment;

said primary signaling means comprising pulse-trans-

mitting means for establishing a succession of
scanning cycles each including a starting pulse fol-
lowed by a series of address pulses characteristi-
cally different from said starting pulse;

said secondary signaling means comprising puise-

receiving means and decoding means in the output
of said pulse-receiving means for detecting said
starting pulse and for thereupon measuring a time
interval individual to the station for conditioning
said secondary signaling means to respond to an
assigned address pulse at the end of said time inter-
val.

2. A system as defined in claim 1 wherein a time slot
of predetermined duration is individually. allotted to
each of said stations during each scanning cycle and is
initiated by the address pulse assigned to the respective
station, said primary signaling means comprising a
master clock circuit controlling said pulse-transmitting
means for establishing each time slot, said secondary
signaling means comprising a slave clock circuit condi-
tioned by said decoding means for measuring the al-
lotted time slot in response to arrival of the assigned ad-
dress pulse, the identifying signals for different chan-
nels being distinguished by their time positions in the
allotted time slot.

3. A system as defined in claim 2 wherein said prima-
ry signaling means includes a source of disconnect
signals coinciding with all the time positions reserved
for said identifying signals, said switch means being
responsive to said disconnect signals for releasing a
channel previously seized in response to an identifying
signal.

4. A system as defined in claim 3 wherein said secon-
dary signaling means includes a pulse storer connected
to said signal-receiving means for generating a channel-
release signal in response to a succession of disconnect
signals.

5. A system as defined in claim § wherein said ter-
minal equipment includes channel-monitoring means
and each of said stations is provided with a transmitter
of busy signals connected to said service line and
operative during a specific phase of an allotted time
slot upon seizure of a channel by the associated switch
means, said primary signaling means further compris-
ing verification means responsive to said busy signals
and to the output of said verification means for actuat-
ing said source of disconnect signals upon coincidence
of a busy signal from one of said stations with an idle
condition of a channel previously seized by the cor-
responding switch means. ‘

6. A.system as defined in claim 5 wherein each of
said stations is further provided with a generator of
request signals connected to said service line and
operative during said specific phase of an allotted time
slot upon initiation of a call by a local operator, said
request and busy signals differing from each other by
their time position in said specific phase.
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7. A system as defined in claim 6 wherein said ter-
minal equipment is provided with respective storage
means responsive to said request and busy signals for
maintaining same registered during an entire time slot.

8. A system as defined in claim 1 wherein said ter-
minal equipment includes a power supply for all said
stations connected thereto via said service line.

9. A telecommunication system comprlsmg

terminal equipment;

a trunk line emanating from said terminal equip-
ment;

a plurality of local lines branching off said trunk line
at different locations and terminating in respective
stations;

a common service line interconnecting said terminal
equipment and said stations;

switch means individual to each station for establish-
ing and discontinuing a connection between the
corresponding local line and said trunk line to
facilitate the exchange of messages between said
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stations and said terminal equipment;

primary signaling means at said terminal equipment
connected to said service line for periodically ad-
dressing each of said stations in a code individual
thereto; and

secondary signaling means connected to said service
line at each station so addressed for controlling the
associated switch means in response to command
signals from said terminal equipment, said ter-
minal equipment including a power supply for all
said stations connected thereto via said service
line; ‘

said trunk line comprising a number of parallel chan-
nels less than the number of said local lines, said
switch means being operable to connect any local
line to any of said channels in response to an
identifying signal from said terminal equipment in-
dividually addressed to the corresponding station.
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