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ABSTRACT OF THE DISCLOSURE

A system is disclosed having a master station for con-
trolling apparatus at remote stations. A selected com-
and signal, generated at the master station, is trans-
mitted to a remote station and registered thereat. To
verify that the proper signal has been registered, a plu-
rality of signals including the selected signal are sent
from the master station. The remote station returns
these signals which originated at the master station back
to the master station after modifying the signals accord-

ing to the signal priorly registered at the remote station.

This invention relates to remote control systems and
particularly to signaling methods and arrangements for
such systems.

In a particular aspect this invention relates to methods
and arrangements whereby a master station can transmit
command signals to any one of a plurality of remote
stations and verify that the command signals have been
received at the remote station.

In a more particular aspect this invention relates to
remote control systems and methods and arrangements
for verifying the receipt at a remote station of command
signals transmitted from a master station by transmitting
additional signals from the master station.

Remote control systems generally comprise at least
one master station and a plurality of remote stations
each of which is located at a point where control func-
tions are to be performed. Such systems are widely used
in the management of pipe line and communication net-
works where the confrol of many unattended remote sta-
tions can be accomplished more economically from an
attended master station. For example, in certain com-
nunication networks intelligence is often transmitted be-
tween two distant points over a communication channel
made up of a plurality of serially connected links. These
links might comprise wire facilities, radio links or carrier
systems and the like, and each link may include repeaters
or amplifying equipment to compensate for the trans-
mission losses introduced by the transmission media.

While the compensating equipment can be tested and
adjusted manually at each location or even arranged so
that 1t 1s to a limited degree self-adjusting, it is often
desirable to perform certain tests and adjustments at
the remote stations from the centralized master control
statiomn, |

Also, certain of the communication links might be
provided with spare stand-by facilities that can be
switched into service in the event that one of the regu-
lar facilities fails. By controlling the switching of spare
facilities into service from a master control station the
overall channel outage can be kept to a minimum,

In addition to making compensating adjustments, per-
forming tests and switching spare channel facilities into
service, it is sometimes desirable to have the remote sta-
tions report to the master station any service irregulari-
ties, such as alarm conditions, that might occur at the re-
mote stations, In this manner, the attendant at the master
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station is apprised of the conditions existing at each of
the remote stations and can act accordingly to maintain
the system in operation.

Thus, where many control functions are to be per-
formed at remote stations, the master control station
must first address the particular remote station at which
the function is to be performed and then transmit se-
lected command signals to the remote station to indi-
cate which specific function is to be performed thereat.
To assure that the correct remote station has been ad-
dressed and has received the proper command signals be-
fore the control function is executed, the remote station
acknowledges the signals received from the master sta-
tion with an appropriate answer-back signal. While vari-
ous signaling arrangements had been used in the past
for verifying the receipt of information at a remote sta-
tion, these arrangements lack certain features which I
have incorporated in the present invention.

Many prior art arrangements, for example, provide
for the verification of the control intelligence transmitted
to a remote station by having the remote station re-
transmit back to the master station the same informa-
tion that the remote station received. More specifically, a
selection of the control function to be performed at the
remote station is made at the master station, and a com-
mand signal such as a coded pulse train is transmitted to
the remote station and registered thereat. At the remote
station a pulse generator is actuated to retransmit a simi-
lar pulse train to the master station in accordance with
the information registered at the remote station. The
master station then checks the information received from
the remote station pulse generator with the command
signal that was sent to the remote station, and if they
match, the remote station is signaled to execute the
control.

While these arrangements are suitable for their in-
tended purpose, it is obvious that such arrangements re-
quire costly signal generating equipment at each of the
remote stations for transmitting the answer-back code.

It 1s therefore one object of my invention to simplify
remote control signaling arrangements by eliminating
elaborate answer-back signal generating equipment at
cach of the remote stations.

Other arrangements for verifying the receipt of con-
trol signals at the remote station employ a plurality of
coded signals wherein the remote station is programmed
to respond to a fixed number of signals. For instance, a
remote station might function upon the receipt of com-
mand signals consisting of pulse groups of ten pulses
each wherein the different pulse groups comprise different
combinations of positive and negative pulses. Thus, the
remote station will only respond when it has received
a complete pulse train of ten pulses.

These arrangements, of course, require complicated
codes which are limited by the different combinations
that can be obtained from a fixed size pulse train. In
addition, there is no verification of which command sig-
nal was registered at the remote station but only a check
at the remote station that a complete pulse group was
received. Furthermore, extraneous signals introduced into
this system may be mistaken for pulses of a legitimate
command causing the remote station to act prematurely
or erroneously.

Another object of my invention is to improve remote
control signaling arrangements by verifying what informa-
tion 1s registered at the remote station by transmitting
additional signals from the master station.

In accordance with one exemplary embodiment of my
invention the remote stations of a remote control system
are equipped to answer-back upon the receipt of command
signals from a master station by reflecting back to the
master station verification signals which originate at the
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master station. Ilustratively, let it be assumed that a
remote control system comprises a master station and
a plurality of remote stations at which control functions
are to be performed and what pulse type signaling is to
be used to transmit command signals between the sta-
tions. Let it also be assumed that a particular control func-
tion which is represented by the digit 3 (three pulses) is
to be performed at one of the remote stations whose ad-
dress code is represented by the digit 2 (two pulses). To
initiate this control function at remote station 2, the at-
tendant at the master station causes the digits 2 and 3
to be transmitted over the network to all of the remote
stations. This can be accomplished in any one of many
ways such as by operating appropriate selection keys on
a console at the master station. The master station then
outpulses the address code 2 followed by the command
code 3. Station 2 responds to the address code 2 and
registers the command signal represented by the digit 3.

The master station then automatically outpulses a series
of verification digits 0 (ten pulses) which are reflected
back by the remote station to the master station In ac-
cordance with the digits priorly registered at the remote
station. More specifically, each of the ten pulses which
represent the digit ¢ 1s sent out and reflected or echoed
back to the master station, but since the digit 2 was reg-
istered at the addressed remote station, only the first two
pulses from the master station are reflected back there-
to. Similarly, when the ten pulses representing the second
verification digit 0 are sent out, only the first three pulses
are reflected back indicating that the command digit 3
had been registered at the addressed remote station.

At the master station the reflected signals are registered
and compared with the selection made by the attendant,
and if they match, an execute signal is transmitted to the
remote station causing the command to be executed.

In other words, at the master station certain signals
(pulse groups of two pulses, three pulses, etc.) are se-
lected from a plurality of signals (ten pulses) and trans-
mitted to the remote station where they are registered. 'To
verify what signals have been registered at the remote
station the master station then transmits all of the signals
(ten pulses) to the remote station and only those signals
corresponding to the registered signals are echoed back
to the master station. At the master station the transmitted
signals are matched with the echoed signals, and if a
proper match is detected, an execute signal is transmitted

to the remote station.
While the invention has been briefly described with ref-

erence to signaling using pulse groups to represent differ-
ent command codes it will be obvious from the ensuing
description that other signaling arrangements can be used
without departing from the spirit and scope of my inven-
tion. For example, multifrequency type signaling might
be used wherein each command code could be represented
by a tone burst of two frequencies out of a group of five
possible frequencies. The two ifrequencies representing a
command signal would be transmitted to the remote sta-
tion and registered thereat. In addition, the command
signal frequencies could control filter circuits at the re-
mote station so that upon the subsequent transmittal of
all five frequencies only those frequencies registered at
the remote station would be reflected back to the master
station.

In addition to responding to command signals from
the master station any remote station can, in response
to certain irregular conditions at the remote station, cause
the master station to initiate a roll call of all remote sta-

tions to determine at which station the adverse condition
exists. Having determined which remote station initiated
the roll call, the master station can cause the individual
remote station to report on the various conditions that
may exist at that remote station.

One feature of my invention resides in a remote con-
trol system having signal generating equipment located
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at the master station for providing answer-back signals
from the remote station. |

Another feature of my invention is found in a remote
control system including means at the remote station for
reflecting back to the master station signals originating
at the master station.

A further feature of my invention resides in a remote
control system having means at a remote station for alter-
ing signals from the master station in accordance with
signals priorly registered at the remote station and reflect-
ing the altered signals back to the master station.

These and other objects and features of the invention

v:fill br.?come readily apparent from the ensuing descrip-
tron with respect to the drawing in which:

FIG. 1 shows a block diagram of the invention in a
remote control system having a master station and a re-
mote station;

FIG. 2 shows the arrangements of FIGS. 3-11; and

FIGS. 3-11 shows a more detailed representation of the
same remote control system including the invention.

‘Before describing in detail the overall operation of the
system contemplated, a brief and genera] description will
first be given with respect to the block diagram in FIG. 1.

GENERAL DESCRIPTION

Turning now to FIG. 1, there is shown a block dia gram
of one illustrative embodiment of the invention in a re-
mote control system comprising a master station 160
and remote stations 101 and 119. Of course, in actual
practice a system such as the one shown might include
additional master stations and might have many more
unattended remote stations each located in the prox-
imity of the equipment which is to be controlled sucn as
the communications ciriuit 162 in FIG. 1.

The master station 100 symbolically comprises a signal
generator 103, a selection and rontrol circuit 104, reg-
ister circuit 105 and matching circuit 166, In addition,
the master station includes an attendant console equipped
with various selection keys and lamps for aiding in the
operation of the system. Each of the remote stations, on
tl_le other hand, comprises a signal receiver 107, a register
circuit 108 and a control circuit 109.

Interconnecting the master station and the remote sta-
tions are suitable signaling means such as the single fre-
quency signaling system shown in FIG. 1. The signaling
system depicted in the block diagram comprises single
frequency signaling circuits 110 and 111 coupled over suit-
able transmission media such as signaling channels 112
and 113. Single frequency signaling systems such as the
one shown in FIG. 1 are well known in the art of tele-
phone switching, and an example of one such system 1is
described in an article by A. Weaver and N. A. Newell
beginning on p. 1309 of vol. 33 of the Bell System Techni-
cal Journal, 1954.

_ Briefly, when the signaling system is normal, tone
1s transmitted over the interconnecting channel to con-
trol relays at the receiving end. Signaling is accomplished
by removing and reapplying the tone under control of
relays at the transmitting end which in turn release and
reoperate relays at the distant end. Independent operation
cna be obtained in each direction with one channel fre-
quency using separate lines for signaling in each direction
or by using a single line and transmitting a different
channel frequency for the signaling in each direction. As
symbolically illustrated in FIG. 1 of the drawing, when
contacts 7P in signal generator 103 are operated, thus con-
ne_cting a ground potential to M conductor 114, tone is
being transmitted from single frequency signaling circuit
110 over channel 112 to signaling circuit 111 and relay
9RE is released. In a similar manner, when the contacts
of r.elay 9RE 1in signal receiver 107 are normal, con-
necting ground to M lead 117, relay 6 ME in selection and
control circuit 104 is released. Application of the proper
negative potential to the M leads 114 and 117 will cause
the tone to be removed from the channels in the appro-




3,456,240

5

priate direction, and relays 9RE and 6ME, respectively,
operate. Thus, pulses and supervisory signals can be trans-
mitted between the master station 100 and remote sta-
tion 101.

Bach of the remote stations i1s assigned an address
code, and the remote stations respond to various func-
tions in the corresponding comumnunications circuit such
as circuit 102 at remote station 101.

To 1llustrate the operation of the system let i1t be
assumed that the attendant at master station 100 de-
sires to perform a control function represented by the
command code 3 at remote station 101 whose address
code is represented by the digit 2. To accomplish this, the
attendant actuates selection keys 2 and 3 at the attendant’s
console. Operation of selection key 2 starts signal gen-
erator 103 which, in cooperation with selection and control
circuit 104, causing two pulses to be transmitted over M
lead 114 to the single frequency signaling system. By
the interruption in the tone being fransmitted to the re-
mote stations, the receive relay 9RE at each remote
station operates, following each of the two pulses of
the digit 2.

In response to the address code 2 remote station 101
prepares itself for the registration of the command sig-
nal to be transmifted while the other remote stations,
which are actuated by different address codes, are locked
out. Operation of the selection key 3 (not shown, but
see FIG. 3) by the attendant causes a pulise train of three
pulses to be transmitted to remote station 101 and regis-
tered in register circuit 108, The code 23 which was se-
lected to be transmitted is also registered in a portion of
matching circuit 106 at the master station for subse-
quently matching the selected code with the answer-back
from the remote station.

Having transmitted the digits 23 to the remote sta-
tion, the master station now automatically transmits a
series of verification digits 0, each comprising a pulse
train of ten pulses, to the remote station. With each pulse
transmitted over M lead 114 at the master station the
E lead 116 at the remote station is closed to operaie re-
ceive relay 9RE. Relay 9RE, in operating, in turn applies
pulses through register circuit 108 to M lead 117 at the
remote station, and each pulse on the M lead 117 causes
receive relay 6ME at the master station to operate.
In other words, the pulses generated at the master sta-
tion are transmitted to the remote and reflected back to
the master station.

It will be noted, however, that the reflected pulses are
controlled by register circuit 108 which has stored therein
the code 23 as a result of the prior transmission of the ad-
dress and command codes. Therefore, only the first two
pulses of the digit 0 transmitted by the master station will
be reflected back to the master station indicating that the
remote station 101 had been properly addressed by the
dieit 2. Transmission of the next verification pulse train
causes the remote station to respond in a similar manner
except that only the first three pulses of the ten pulses
transmitted from the master station will be returned to the
master station thereby indicating that the command code
3 had been registered at the remote station.

At the master station, the reflected digits are stored in
register circuit 105, and if the reflected code matches the
selected code, matching circuit 106 operates causing an
execute signal to be transmitted to the remote station.
Upon receipt of the execute signal at remote station 101,
control circuit 109 is actuated to perform certain functions
in communications circuit 102, and these functions are
symbolically represented herein by the operation of relay
OCR.

In addition to the addressing of a particular station and
causing selected devices to be operated thereat, the sys-
tem being described herein includes features for reporting
certain service irregularities which may occur at any of the
remote stations. For example, communications circuits 102
might be equipped with several alarms which are actuated
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when different components of that communication circuit
encounter trouble., These alarms have been illustrated by
contacts of alarm relays 9AL1 and 9AL2, If an alarm
should occur in communication circuit 102, one of the
alarm relays would be operated to signal control circuit
109. Control circuit 109 causes a signal to be transmitted
to master station 100 requesting that a roll call be taken
of all remote stations. Master station 100 then interrogates
each remote station to ascertain if any alarm conditions
exist at the station being interrogated.

When the master station encounters a remote station
having an alarm condition, the address code of the remote
station is displayed on the appropriate lamps at the af-
tendant’s console. Having ascertained which remote station
is experiencing an alarm condition, the attendant can ad-
dress the remote station requesting that the remote sta-
tion report back informing the master station as to the pre-
cise alarm conditions that exist at that particular remote
station.

DETAILED DESCRIPTION

Having briefly described the operation of the arrange-
ment with respect to the block diagram in FIG. 1, a more
detailed description of one illustrative embodiment of my
invention will now be given with respect to FIGS, 3-11 of
the drawing.

Arrangement of equipment

FIGS. 3-11 when arranged in accordance with FIG. 2
depict the same remote control switching system which is
symbolically shown in the block diagram of FIG. 1. More
specifically, FIGS. 3 and 4 show part of the attendant’s
console at the master station including part of the selec-
tion and control circuit, the selection keys and certain of
the lamps. FIG. 5 shows a portion of a register circuit at
master station 100. FIG. 6 shows part of the circuitry for
matching the selected codes with the answer-back codes
and also the master station portion of the single frequency
signaling system and FIGS. 7 and 8 show part of a pulse
generator and digit counting circuit. FIGS. 9, 10 and 11,
on the other hand, show equipment located at a remote
station.

In order for the reader to more fully appreciate the ar-
rangement contemplated, a description of the operation
of the system will now be given wherein the attendant
wishes to perform certain control functions at a remote
station from the master station. This will be followed by
a description of the system wherein a remote station en-
counters an alarm condition and requests that a roll call
of the remote stations be taken by the master station.

[ .

Control of a remote station from the master station

Let it be assumed that the attendant at the master sta-
tion 100 (FIGS. 3-8) desires to address remote station
101 (FIGS. 9-11) and execute a command thereat., As
was assumed in the general description, the address code
of the remote station 01 is represented by the digit 2 and
the particular function to be performed at the remote sta-
tion is responsive to the command signal transmitted as
a digit 3 from the master office. The attendant at the mas-
ter station 100, therefore, momentarily operates the selec-
tion keys 2 and 3 to address the remote station and trans-
mit the command signal thereto.

Upon the operation of the selection key 2, ground is
extended from normal contacts of relay 3UA, over con-
ductor 300, through operated contacts of selection key 2,
over conductor 301, normal contacts of relay 3TA, and
through to the winding of relay 3T2 to battery, operating
tens relay 3T2. Relay 3T2 closes its contacts in FIG. 4
to extend battery from conductor 400, through normal
contacts of relay 3STC, over conductor 401, operated con-
tacts of tens relay 3T2 and through lamp 4T2 to ground,
lighting lamp 4T2 to inform the attendant that the tens

digit 2 has been selected for the address code to be trans-
mitted to the remote stations.

Relay 3T2 also closes its contacts in FIG. 3 to extend
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ground over conductor 303, through the winding of relay
3TA, over conductor 304 and through normal contacts
of relay S8RLS to ground. Relay 3TA does not operate in
this circuit, however, since it has ground on both sides of
its winding, but when the attendant releases selection key
2 ground 1s removed from conductor 301 and relay 3TA
operates over the previously traced circuit to battery
through the winding of relay 3T2. Relay 3TA in operating
transfers the conductors connected to the selection keys
0-9 from the tens selection relays 3T6-3T9 to the unit
selection relays 3U0-3U9 in FIG. 3.

The attendant now actuates selection key 3 to prepare
the master station for transmitting the command signal
to the remote station. With selection key 3 operated,
ground is extended from conductor 300, through operated
contacts of key 3, over conductor 305, through operated
contacts of relay 3TA, over conductor 306 and through
the winding of units relay 3U3 to battery thereby operat-
ing relay 3U3.

Relay 3U3, in operating, closes its contacts in FIG. 4
to extend battery from conductor 492, through normal
contacts of relay 3STC, over conductor 403, through op-
erated contacts of relay 3U3 and through lamp 4U3 to
ground, lighting units lamp 4U3 and informing the at-
tendant that the master station has been prepared to
transmit the command signal to the remote station.

Relay 3U3, in operating, also extends ground from
conductor 306, through operated contacts of relay 3U3,
over conductor 310, through the winding of relay 3UA
and over conductor 311 to ground through normal con-
tacts of relay 8RLS. Relay 3UA does not operate in this
circuit, since as long as selection key 3 is held operated,
the winding of relay 3U3 has ground on both sides. When
the selection key 3 is released removing ground from
conductor 306, relay 3UA is permitted to operate in
series with the units relay 3U3.

When relay 3UA operates a circuit is completed from
ground through normal contacts of relay 8RLS in FIG. 3,
over conductor 304, operated contacts of relay 3UA and
through the winding of start relay 3ST to battery, oper-
ating relay 3ST. Relay 3ST operates its contacts in FIG. 6
to connect negative battery through resistance R6 and
normal contacts of relays 7P and 8Dé6 to M lead 114.
Battery on M lead 114 causes single frequency signaling
circuit 110 to remove tone from signaling channel 112 to
operate relay 9RE at each remote station. Relay 9RE, in
operating, operates relay 11R at the remote station to
prepare the remote station for receiving pulses represent-
ing address and command codes.

Relay 3ST, in operating, also completes a circuit for
operating a capacitor timed pulse generator in FIG. 7.
Ground from operated contacts of start relay 3ST is ex-
tended over conductors 700 and 701, through normal
contacts of relay 7PQG, over conductor 702, the upper
winding of relay 7PG and through resistances R1 and
R2 to battery. A circuit is also completed for charging
capacitor C1 through the lower winding of relay 7PG.

10

15

20

25

30

4()

o0

The current flow through the upper winding of relay 7PG

is in the operate direction while the current flow through
the lower winding charges capacitor C1 in a direction to
hold relay 7PG released thus delaying the operation of
relay 7PG until capacitor C1 is substantially charged.
When relay 7PG operates the operating ground on con-
ductor 701 is extended over conductor 703 through re-
sistance R1, the upper winding of relay 7PG in the non-
operate direction and through resistances R4 and R3 io
battery. Capacitor C1 is discharged through the lower
winding in a direction 'to help hold the relay operated
and the relay is held operated until capacitor C1 is sub-
stantially discharged. Thus, relay 7PG is timed in both
the operate and release directions to provide a pulse speed
of approximately ten pulses per second.

Pulse generating relay 7PG provides pulses for oper-
ating pulse counting relays (7P0-7P11) in FIG. 7 and
pulsing relay 7P which controls single frequency signaling
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circutt 110 in FIG. 6. The number of pulses to be de-
livered to relay 7P is controlled by the contacts of pulse
start relay 6PS and pulse end relay 6PE.

The pulse counting circuit in FIG. 7 comprises 12
counting relays 7P0-7P11 and steering relays 7PA, 7PB
and 7PC, and the pulse counting circuit will continue to
count pulses as long as the pulse generator is in operation.
For example, upon the initial operation of relay 7PG
ground is extended from conductor 790, through operated
contacts of relay 7PG, through normal contacts of relays
7PC, 7PB and 7PA, over conductor 704 and through the
winding of relay 7P@ to battery, operating relay 7P0.
Relay 7P§, in operating, extends the ground on conductor
704 through its own contacts, over conductor 705, through
the winding of relay 7PA, normal contacts of relay 7PB,
over conductor 706 and through operated contacts of
relay 35T to ground. While relay 7PG is operated, relay
TPA has ground on both sides of its winding and does
not operate, but when relay 7PG releases removing ground
from conductor 704, relay 7PA operates in series with
the winding of relay 7P0.

On the next operation of relay 7PG the ground from
conductor 700 is extended through operated contacts of
steering relay 7PA and counting relay 7P8 to operate the
next counting relay 7P1. Relay 7P1, in operating, ex-
tends its operating ground over conductor 707, through
the winding of steering relay 7PB and normal contacts of
relay 7PC to ground on conductor 706. Relay 7PB is
shunted down, having ground on both sides of its winding,
but when pulse generator relay 7PG releases again, re-
lay 7PB is permitted to operate in series with relay 7P1.

When relay 7P1 operates it opens the holding circuit
for relays 7PA and 7P0® which release. In addition, the
operated relay 7PB prepares a path for operating counting
relay 7P2 upon the next operation of pulse generator re-

lay 7PG.

Thus, each time relay 7PG operates the next succeeding
counting relay (7P-) operates and upon the release of
relay 7PG the next steering relay (7PA, 7PB or 7PC)
operates to release the prior steering and counting relays.

The pulse counting circuit continues to count the pulses
supplied by the operation of pulse generator relay 7PG
in the same manner until the eleventh pulse when relay
7P10 operates. Relay 7P10, in operating, completes a
circuit for operating relay 8W in FIG. 8. This circuit can
be traced from ground through operated contacts of
relay 3ST, over conductor 802, through operated con-
tacts of relay 7P10 and through normal contacts of relay
8W, the winding of relay 8W and resistance RS to battery.
The same ground that operated relay 8W is extended over
conductor 803 to the winding of relay 8Z. Relay 8Z does
not operate at this time, however, since it is shunted down
by ground over conductor 807 and through normal con-
tacts of relay 8Z to the other side of its winding.

Relays 8W and 8Z comprise a pulse divider circuit
which operates on successive cycles of the pulse counter
(relays 7P0-7P11) in FIG. 7 to advance the digit counter
(relays 801-806) in FIG. 8. More specifically, during
alternate odd-numbered cycles of the pulse counter relays
8W and 8Z operate to advance the digit counter one
step, and during the even-numbered cycles relays 8W and
8Z release to prepare for advancing the digit counter on
the next odd-numbered cycle.

The digit counting relays 801-806 in conjunction with
the pulse start relay 6PS, the pulse end relay 6PE and
the tens and units selection relays 3T— and 3U-, respec-
tively, control the outpulsing of various digits to the re-
mote station, |

Returning now to a description of the operation of
the master station relay 8W, in operating, extends ground
from operated contacts of relay 3ST in FIG. 8, over con-
ductor 804, through normal contacts of relays 82, 8DC
and 8DB, over conductor 805, through normal contacts
of relay 8DA and through the winding of digit counting
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relay 8D1 to battery. Relay 8D1 operates over this cir-
cuit and extends its operating ground over conductor 806
to the winding of relay 8DA which does not operate at
this time since it has ground on the other side of its
winding from contacts of relay 3ST, over conductor 800
and through the normal contacts of relay 8DB.

Relay 7PG once again releases removing the shunt
from relay 7PB which operates in series with counting
relay 7P10, and relay 7PB releases steering relay 7PA
and the previously operating counting relay 7P9. The
next operation of the pulse generator relay 7PG causes
the next counting relay 7P11 to operate, and relay 7P11
extends its operating ground over conductor 708 to the
right side of the winding of relay 7PC. Relay 7PC does
not operate at this time since it has ground on the other
side of its winding via conductor 706 and normal con-
tacts of relay 7PA. When relay 7PG releases, however,
the shunt is removed from relay 7PC, and relay 7PC
operates in series with the winding of counting relay
7P11.

Relay 7PC, in operating, releases steering relay 7PB
and counting telay 7P10. Relay 7P10, in releasing, re-
moves the shunt from relay 8Z which operates in a circuit
traced from ground through operated contacts of relay
3ST, over conductor 808, through operated contacts of
relay 8W, over conductor 803, through the winding of
relay 8Z and through resistance R9 to battery. When relay
8Z operates it opens its contacts in FIG. 8 to remove
ground from conductor 805 permitting steering relay
8DA to operate.

Up to this point the pulse counting circuit has gone
through one cycle (7P0 through 7P11) but no pulses
have been transmitted to the remote stations. As will be
described subsequently the pulse counting circuit, by only
outpulsing on alternate cycles, will provide an interdigital
timing interval when a series of codes are to be trans-
mitted to the remote stations. The next operation of
pulse generator relay 7PG causes the pulse counter to
go into its second cycle and the first stage counting relay
7P0 to operate. With relays 8W and 7P0 operated a
circuit is completed for operating pulse start relay 6PS.
This circuit can be traced from battery in FIG. 6, through
the winding of relay 6PS, through normal contacts of
relay 7P1, operated contacts of relay 7P0 and normal
contacts of relays 8DS and 8D6, over conductor 600
and through the operated contacts of relays 8W and 3ST
to ground. |

With the pulse start relay 6PS operated, pulsing relay
7P in FIG. 7 will follow the pulses of the pulse genera-
tor, and the pulses will be transmitted by the single
frequency signaling circuit 110 to the remote stations.
More specifically, each time pulse generator relay 7PG
releases, the ground on conductor 700 is extended through
normaj contacts of relay 7PG and through the operated
contacts of relay 6PS fo operate relay 7P, and each time
relay 7PG operates relay 7P releases. Turning now to
FIG. 6 it will be noted that when relay 7P operates,
ground is connected over conductor 601, through normal
contacts of relay 8D$6 and through operated contacts of
relay 3ST to M lead 114, and when relay 7P is released,
battery is connected through resistance R6é to M lead
114, Thus, the M lead 114 i1s switched back and forth

between ground potential and negative battery potential
under control of relay 7P, and when ground potential
1s applied to M lead 114, single frequency signaling cir-
cuit 110 transmits tone over channel 112 to the remote
stations. Conversely, when battery is connected to M
lead 114, tone is removed from channel 112.

At the remote station when tone is being received,
relays, such as relay 9RE in FIG. 9 for remote station
101, are released, and when tone is removed from line
112, ground is transmitted over E lead 116 to operate
receive relay 9RE. In a similar manner, battery connected
to M lead 117 at the remote station 191 causes the closure
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on E lead 118 at the master station to operate receive
relay 6ME thereat,

Pulse start relay 6PS having operated as a result of
the operation of pulse counting relay 7P0 during the
second cycle, the pulse generator relay 7PG continues
to pulse thereby operating successive counting relays
(7P1-7P11) and relay 7P transmits the pulses via the
single frequency signaling system to the remote station.
Since the first digit to be outpulsed to the remote sta-
tions is a 2, only two pulses will be transmitted in ac-
cordance with the following description.

Upon the release of relay 7PG after the operation of
pulse start relay 6PS, the shunt from around relay 7PA
is removed, permitting relay 7PA to be operated in series
with relay 7P0. Relay 7P also operates over the pre-
viously traced path, and in operating, transfers M lead 114
from battery to ground. When relay 7PA operates it pre-
pares an operating path for the next counting relay 7P1.
The next operation of relay 7PG releases pulsing relay 7P
and operates counting relay 7P1. Relay 7P in operating
transfers the M lead 114 from eround back to battery
thus transmitting the first pulse of the digit 2 to the
remote stations.

Relay 7P1 in operating also opens the operating path
for pulse start relay 6PS. However, relay 6PS is held
operated by a locking circuit traced through its own con-
tacts and through normal contacts of pulse end relay 6PE
;% Igmund through operated contacts of relays 8W and

Pulse generator relay 7PG reoperates and releases to
release and reoperate pulsing relay 7P thus transmitting
the second pulse of the address code in the same manner
and also operating the next pulse counting relay 7P2.

With pulse counting relay 7P2 operated and tens relays
3T2 operated as a result of the initial selection by the
attendant, a circuit is closed for operating pulse end
relay 6PE. This circuit can be traced from battery
through the winding of relay 6PE, over conductor 602,
through operated contacts of relays 8D1, 3T2 and 7P2,
and over conductor 603 to ground through operated con-
tacts of relays 8W and 3ST. Relay 6PE, in operating,
opens the locking circuit for relay 6PS which releases.
In releasing, relay 6PS disconnects pulsing relay 7P from
the contacts of pulse generator relay 7PG so that relay 7P
no longer follows the pulse generator although the pulse
generator continues to provide pulses. With relay 7P re-
leased, steady battery is connected to M lead 114 and
relay 9RE at the remote station 101 remains operated.

Thus, two pulses representing the digit 2 which is the
address code of station 101 have been transmitted over
channel 116 to the remote stations.

Although pulses are no longer being transmitted to
the remote stations the pulse generator and pulse counting
circuitry at the master station continues to function. When
the pulse counting circuitry in FIG. 7 registers a pulse
Lo operate counting relay 7P10, the circuit prepares itself
for the transmission of the next code to the remote sta-
tion. Relay 7P10, in operating, completes a circuit for
shunting down relay 8W which is part of the pulse divider
circuit comprising relays 8W and 8Z. The circuit for
shunting down relay 8W can be traced from ground on
operated contacts of relay 3ST, over conductor 802, oper-
ated contacts of relay 7P10, over conductor 807 and
through operated contacts of relay 8Z to the right side
of the winding of relay 8W. Relay 8W having ground on
both sides of its winding releases. Although relay 8Z was
held through operated contacts of relay 8W, relay 8Z
does not release at this time since relay 8Z will hold
operated by a ground on conductor 802, through oper-
aied contacts of relay 7P10 and normal contacts of relay
8W. Relay 8Z holds over this path until the pulse counter
advances to a position where relays 7P11 and 7PC are

operated to release relay 7P10. The pulse divider (relays
8W and 8Z) has now been recycled in preparation for




3,456,240

11

advancing the digit counter and transmitfing the next
code.

The pulse counter continues to count from the twelfth
step (relay 7P11) back to the first step 7P0, and so on,
in the same manner as previously described. The time
interval occupied by relays 7P0-7P10, which are count-
ing pulses during the third cycle until the reoperation
of pulse divider relays 8W and 8Z, is used for interdigital
timing to allow sufficient time for equipment at the remote
stations to advance in preparation for receiving the next
digit to be transmitted by the master station.

When pulse counting relay 7P10 operates after this
time interval, a path for reoperating relay 8W is once
again completed and relay 8W operates. In operating,
relay 8W closes a circuit for operating the next digit
counting relay 8D2. This circuit can be traced from
ground through operated contacts of relays 3ST and 8W,
over conductor 804, normal contacts of relays 8Z, 8DC
and 8DB, over conductor 805, operated contacts of relays
8DA and 8D1 and through the winding of relay 8D2 to
battery. Relay 8D2 extends the operating ground through
its operated contacts and over conductor 809 to the wind-
ing of steering relay 8DB which does not operate at this
time since it has ground on both sides of its winding.
Upon the subsequent release of pulse counting relay 7P11
the steering relay 7PC and counting relay 7P10 are
released removing the shunt from relay 8Z and permitting
it to operate in the same manner as previously described.

Relay 87, in operating, disconnects the ground from
conductor 805 allowing relay 8DB to operate in series
with digit counting relay §D2. Relay 8DB opens a holding
circuif for relays 8DA and 8D1 which release.

The pulse counter in FIG. 7 continues to count until
relay 7P0 operates beginning the fourth cycle, and relay
7P0 completes the previously traced circuit for operating
pulse start relay 6PS in FIG. 6. With pulse start relay 6PS
operated, relay 7P will again follow the pulses generated
by pulse generating relay 7PG, and in following the
pulses, relay 7P will alternately connect battery and
ground to M lead 114 to actuate single frequency signal-
ing circuit 116 and transmit the pulses to the remote
stations.

Pulse start relay 6PS will remain operated until three
pulses indicating the digit 3 of the command signal have
been sent to the remote stations. When the third pulse
has been sent relay 7P3 will have been operated, and
a path is completed for operating pulse end relay 6PE.
This circuit can be traced from battery through the wind-
ing of relay 6PE, over conductor 602, through operated
contacts of relay 8D2, operated contacts of units relay
3U3, operated contacts of pulse counting relay 7P3 and
over conductor 603 to ground through operated contacts

of relays 8W and 3ST.

Receipt of address code at remote station

Before describing the subsequent operations at the
master station, a description of the operation at the re-
mote station in response to the receipt of the codes
transmitted from the master station will first be given.

It will be recalled from the above description that upon
the operation of a selection key at the master station relay
3ST operated thereat to connect battery over the M lead
114 to single frequency signaling circuit 110. Battery on
M lead 114 causes the tone to be removed from channel
112 and relay 9RE to be operated at all remote stations.

Relay 9RE closes its contacts in FIG. 11 to operate
slow release relay 11R and prepare the remote station
for receiving subsequent codes to be outpulsed from the
master station. Nothing further happens at the remote
station at this time until the first digit is cutpulsed and
each pulse of the digit is represented by an open and
closure of E lead 116 which releases and operates relay
9RE.

Since it has been assumed that the digit 2 is the address
code to be outpulsed from the master station, relay 9RE
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will release and reoperate twice in step with the pulses
from the master station. Upon the first release of relay
9RE, ground is extended over conductor 1166 through
operated contacts of relay 11R through normal contacts
of relay 10C0 to operate relay 11RA. With relay 11RA
operated the same ground is extended over conductor 1101,
through mnormal contacts of relays 11SC, 11SB and
115A, over conductor 1102 and through the winding of
relay 11R1 to battery, operating relay 11R1. Both relays
11R and 11RA have slow release characteristics and will
hold operated during pulsing.

Relay 11R1 in operating extends the ground on con-
ductor 1192 through its own contacts to the winding of
relay $1SA. Relay 11SA does not operate, however, since
ground 1s present on the other side of its winding in a
circuit traced from operated contacts of relay 11R, normal
contacts of relay 11RC, over conductor 1184 and through
normal contacts of relay 1158B. At the end of the first
pulse when relay 9RE operates ground 1s removed from
conductor 1102 and relay 11SA is permitted to operate in
series with the winding of relay 11R1. |

Upon receipt of the second pulse relay 9RE releases
completing a circuit over the previously traced path
through operated contacts of relay 11SA, over conductor
1103 and through the winding of counting relay 11R2
to battery, operating relay 11R2. This same ground is
extended through the operated confacts of relay 11R2 to
the winding of relay 11SB which does not operate at this
time due to the ground on conductor 1104 being connected
to the other side of the winding.

At the end of the second pulse, pulsing relay 7P at
the master station releases and tone is removed from
signaling channel 112 to the remote stations thus steadily
operating relay 9RE and holding relay 11R operated. The
steady operation of relay 2RE removes ground from con-
ductor 1100 releasing relay 11RA and permitting relay
11SB to operate in series with counting relay 11R2. With
counting relay 11R2 operated a circuit is completed for
operating relay 10TA in FIG. 10. This circuit can be traced
from ground through operated contacts of relay 11R over
conductor 1001, normal contacts of relays 11RA, 10DA
and 10AL, over conductor 1002, normal contacts of relay
11RA, operated contacts of relay 11R2 to punching R2,
over cross-connection 1003 to address code punching AC
and through the winding of relay 10TA to battery.

Since it has been assumed that the remote station 101
depicted in FIGS. 9-11 has been assigned the address code
2, the address code punching AC at that station is cross-
connected to punching R2, and relay 10TA operates when
remote station 101 receives the digit 2. At other remote
stations the address code punchings (AC) would be con-
nected to different R— punchings so that relays compara-
ble to relay 10TA at remote station 101 would not op-
erate at the other remote stations, but a cutoff relay similar
to relay 16C0 would have operated to lock out these other
remote stations. Likewise, if an address code other than
a digit 2 is transmitted, relay 16TA in FIG. 10 would not
operate, but a circuit would be completed for operating
relay 10C0 at remote station 101. For example, if the
address code 3 representing another remote station was
transmitted, counting relay 11R3 would be operated to ex-
tend ground over the previously traced circuit, over cross-
connection 1004, and through the winding of relay 10C0
to battery, operating relay 10C0. Relay 10C0, in operating,
disconnects the contacts of pulse receiving relay 9RE from
the counting circuit (11R6-11R9) and prevents remote
station 101 from responding to further command signals.

Remote station 101 having been properly addressed,
relay 10TA operates and completes a path for operating
recycle counting relay 11RC. This circuit can be traced
from battery through the winding of relay 11RC, normal
contacts of relay 10DA, operated contacts of relay 10TA,
over conductor 1167 and through operated contacts of
relay 11R to ground. The ground which operated relay
10TA 1s also extended through contacts of relay 10TA
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to the winding of relay 10DA. Relay 10DA docs not op-
erate at this time since it has ground on the other side
of its winding from conductor 1004.

When recycle counting relay 11RC operates it removes
ground from conductor 1104 interrupting the holding cir-
cuit for relays 11R2 and 11SB and these relays release
restoring the counting circuit in FIG. 11 to normal. Relay
11R2 in releasing removes the shunting ground from one
side of the winding of relay 10DA, allowing relay 10DA
to operate 1n series with relay 10TA. Relay 10DA, in
operating, releases relay 11RC in FIG, 11, and the count-
ing circuit is restored to normal in preparation for receiv-
ing the command signal.

Nothing further happens at the remote station until
the next digit, i.e., the command signal, is received from
the master station. It will be remembered that the digit 3
has been selected as a command signal to be transmitted
from the master station and this digit is received at the
remote station as three successive pulses on E lead 116
in FIG. 9.

The counting circuit in FIG. 11 operates as before fol-
lowing the pulses of receive relay 9RE. At the beginning
of the third pulse slow release relays 11R and 11RA
are operated from the previous pulses and relay 9RE
releases extending ground over conductor 1100, through
operated contacts of relay 11R, normal contacts of relay
10C0, operated contacts of relay 11RA, over conductor
1161, through normal contacts of relay 11SC, operated
contacts of relay 11SB, over conductor 1105 through
operated contacts of relay 11R2 and through the wind-
ing of counting relay 11R3, operating relay 11R3. The
same ground is extended through the operated contacts
of relay 11R3 and over conductor 1106 to the winding
of relay 11SC. Relay 11SC does not operate at this time
since the other side of its winding is connected to ground
on conductor 1104.

At the end of the third pulse relay 9RE remains op-
erated permitting slow release relay 11RA to release. The
operation of relay 9RE also removes the shunting ground
from the conductors 1105 and 1106 permitting steering
relay 11SC to operate in series with the winding of relay
11R3. Relay 11SC, in operating, opens the holding cir-
cuit for the previously operated steering relay 11SB and
counting relay 11R2 and these relays release.

With relay 11R3 operated and relay 11RA released a
circuit is completed for operating relay 10U3. This cir-
cuit can be traced from ground through contacts of relay
11R, over conductor 1001, through normal contacis of
relay 11RA, operated contacts of relay 10DA, over con-
ductor 1007, through normal contacts of relays 10DB
and 10CK, over conductor 1006, through operated con-
tacts of relay 11R3, over conductor 1005 and through
the winding of relay 10U3 to battery. This same ground
is extended through operated contacts of relay 10U3 and
over conductor 1008 to the winding of relay 10DB. How-
ever, relay 10DB has ground over conductor 1004 con-
nected to the other side of its winding and, therefore, does
not operate at this time.

When relay 10U3 operates a circuit is completed in
FIG. 11 for operating recycle counting relay 11RC. This
circuit can be traced from battery through the winding
of that relay, through operated contacts of relay 10U3,
normal contacts of relay 10DB and over conductor 1167
to ground on the operated contacts of relay 11R. Relay
11RC in operating removes the ground from conductor
1104 thereby releasing counting relay 11R3 and steering
relay 11SC.

When relay 11R3 releases it removes the shunting
ground from conductor 1005 thereby permitting relay
10DB to operate in series with relay 10U3. Relay 10DB

opens its contacts in FIG. 11 interrupting the operating
circuit for relay 11RC which releases. Relay 10DB also
closes its contacts in FIG. 9 to connect battery to M
lead 117, This circuit can be traced from negative battery
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lay 9RE, normal contacts of relay 10TT, operated con-
tacts of relay 10DB, over conductor 900, through normal
contacts of relays 10DC, 10TR and 9TX and over M lead
117 to single frequency signaling circuit 111. When bat-
tery is connected to the M lead, tone is removed from

channel 113, and the removal of tone from channel 113

causes single frequency signaling circuit 110 at the master
station to connect ground over E lead 118 and through
the winding of relay 6 ME to battery, operating relay
6ME. The operation of relay 6 ME indicates to the master
station that the remote station has received the address
code and command signal and is waiting for the trans-
mission of signals from the master station to verify that
the proper signals have been registered at the remote sta-
tion before an execute signal is sent to the remote station.

Transmission of verification signals to the addressed
remote station

It will be remembered from the general description
that the master station transmitted an address code and
command signal to the remote stations and verified that
the proper signals were registered at the addressed remote
station by receiving an answer-back signal in accordance
with the information registered at the addressed remote
station. In accordance with one feature of the invention
the answer-back signal to the master station 1is, in effect,
a reflection of signals originating at the master station.

The signals are modified, however, to denote what
sienals were previously sent to and registered at the re-
mote station.

In this illustrative embodiment of the invention pulse
type signaling is used between stations and two pulse
trains were priorly transmitted from the master station to
the remote station. The first pulse train comprised two
pulses representing the address code of station 101, and
the second pulse train comprised three pulses represent-
ing a particular command signal to be executed at the
remote station. To verify that these signals have been reg-
istered at the remote station, two verification pulse
trains of ten pulses each will now be transmitted and re-
flected back to the master station. The remote station
will, of course, only reflect two pulses of the first verifica-
tion pulse train and three pulses of the second verifica-
tion pulse train to indicate that the digits 2 and 3 have
been registered at the remote station. The signals have
been called verification signals to facilitate the descrip-
tion and distinguish their function from the other signals
mentioned, such as the command and address code sig-
nals. It will be realized, however, that in this illustrative
embodiment all signaling at the stations is of the direct-
current pulse type; however, other type signaling may be
used without departing from the spirit and scope of the
invention.

Up to this point, the pulse generator in FIG. 7 is still
generating pulses and the counting circuitry (7P0
through 7P11) has gone through four cycles transmitting
digits to the remote stations on the even-numbered cycles
and using the odd-numbered cycles for interdigital timing.
Near the end of the fifth cycle which provides the inter-
digital timing between the command code signal and the
first verification signal, counting relay 7P10 operates to
operate relay 8W in the same manner as previously de-
scribed.

Relay 8W, in operating, connects ground over conduc-
tor 804, through normal contacts of relays 8Z and 8DC,
operated contacts of relay 8DB, over conductor 810,
through normal contacts of relays 3STC and 3STA, op-
erated contacts of relay 8D2 and through the winding of
digit counting relay 8D3 to battery, operating relay 8D3
and extending ground to steering relay 8DC which does

not operate at this time due to its having ground on the
other side of its winding. Subsequent operation and release
of pulse generator relay 7PG causes counting relay 7P11

and steering relay 7PC to operate, releasing priorly op-
erated relays 7P10 and 7PB. With relay 7P10 released,
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relay 8Z is permitted to operate in a circuit traced from
ground through operated contacts of relay 3ST, over con-
ductor €88, operated contacts of relay §W, over conductor
803, through the winding of relay 87 and throught resist-
ance R9 to battery. Relay 87 removes the shunting ground
from conductor 810 permitting relay 8§DC to operate in
series with the winding of relay 8D3. When relay 8DC
operates, it also opens a holding path for relays 8DB and
8D2 which release.

'The pulse generator relay 7PG releases and reoperates
to operate counting relay 7P8, and relay 7P0 completes
the previously traced circuit for operating pulse start relay
6PS in FIG. 6. Relay 6PS, it will be recalled, connects
‘the pulsing relay 7P to the contacts of pulse generating
relay 7P@G, and relay 7P controls the connection of battery
and ground over M lead 114 to single frequency signaling
circuit 110. The relay 7P will, therefore, cause single fre-
quency signaling circuit 11¢ to alternately transmit and
remove tone from channel 112 to the single frequency sig-
naling circuit 111 at the remote station 101.

Each time the master station relay 7P releases, battery
is connected to M lead 114 causing tone t0 be removed
from channel 112 and remote station relay 9RE to op-
- erate, and when master station relay 7P operates ground
1s connected to M lead 114 causing tone to be transmitted
to single frequency signalling circuit 111 and relay SRE
thereto to release.

Relay 9RE in the following pulses from the master sta-

tion causes the pulses to be reflected back to the master
station by alternately connecting battery and ground over
M lead 117 to single frequency signaling circuit 111. More
specifically, when relay 7P at the master station releases
removing tone from channel 112, relay 9RE operates to
connect battery through resistance R7 over the previously
traced path to M lead 117. Battery on M lead 117 causes
tone to be removed from signaling channel 113 and single
frequency signal circuit 116 responds by operating relay
6ME at the master station. Conversely, whenever pulsing
relay 7P at the master station operates to connect ground
to M lead 117, relay 9RE at the remote station releases to
connect ground to M lead 117. Ground on M lead 117
causes tone to be transmitted over line 113 to the master
station single frequency signaling circuit 110 releasing
relay 6 ME thereat.

Thus, pulses transmitted by master station relay 7P are
reflected back to actuate receiving relay 6 ME at the master
station as long as relay 6RE at the remote station is per-
mitted to alternately connect battery and ground to M
lead 117 thereat. The number of pulses to be reflected will
depend on the digits previously registered at the remote
station as will now be described.

The release and operation of relay 9RE causes relays
11R and 1iRA to respond in the manner previously de-
scribed thereby permitting receive relay 9RE to actuate
the pulse counting circuit in FIG. 11. Upon the first re-
release of relay 9RE, relay 11RA operates permitting
counting relay 11R1 to operate. Relays 11R and 11RA are
slow release relays and remain operated for the dura-
tion of each digit. Upon the next operation of relay 9RE,
the shunt is removed from around the steering relay
11SA, and it operates completing a path for operating
the second counting relay 11R2 when relay 9RE once
again releases. Subsequent operation of the relay 9RE re-
moves the shunting ground from conductor 1103 permit-
ting steering relay 11SB to operate, which releases the pre-
viously operated steering relay 11SA and the counting
relay 11R1.

It will be recalled from the prior description that relay
10DB operated upon the registration of a command sig-
nal after remote station 101 has responded to its address
code, the digit 2, With relay 11R2 now operated, indicat-
ing the receipt of the first two pulses of the first ten pulse
verification signal, a circuit is completed for operating
relay 10TT to stop the pulses which are being received
from the master station from being reflected back thereto.
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The circuit for operating relay 10TT can be traced from
ground through operated contacts of relay 11R, over con-
ductor 1000, through operated contacts of relays 10DB
and 9RE, normal contacts of relay 10DC, operated con-
tacts of relay 11R2 and through the winding of relay
10TT to battery. Relay 1¢TT, in operating, extends its
operating ground to the winding of 10DC which does not
operate at this time since it has ground on the other side
of its winding via conductor 1600.

Relay 10TT, in operating, also connects battery through
resistance R7 to M lead 117 independently of the contacts
of the relay 9RE which is following the pulses being
transmitted from the master station. While relay 9RE
continues to following the remaining 8 pulses of the ten
pulse verification signal transmitted from the master sta-
tion 100, steady battery on M leads 117 at the remote
station causes tone to be removed from channel 113 to the
master station, and relay 6 ME remains operated thereat
for the remainder of the verification signal pulse train.

Receipt at master station of reflected verification signal

Turning now to the master station 100 in FIGS. 3-8, it
will be recalled that prior to the operation of relay 10TT
at the remote station, each time pulsing relay 7P at the
master station released, relay S9RE at the remote station
operated to reflect a pulse-back over channel 113 to re-
lease relay 6ME at the master station. It will also be re-
called that the digit counting relay 8D3 had operated prior
to the transmission of the third digit which is the first
verification signal.

Upon the initial release of relay 6 ME when the first
pulse is refiected back, a circuit is completed for operating
tens registration relay SRT1 in FIG. 5. This circuit can
be traced from ground through operated contacts of re-
lay 35T, normal contacts of relays 3STA and 6ME,
operated contacts of relay 8D3, over conductor 5090,
through mnormal contacts of relays S5RTC, SRTB and
SRTA, over conductor 501 and through the winding of
relay SRT1 to battery. Relay 5RT1, in operating, extends
its operating ground to the winding of steering relay
SRTA, but relay SRTA does not operate at this time since
it has ground on the other side of its winding via conduc-
tor 592 and the operated contacts of relay 3ST. When
relay 6ME operates at the end of the first reflected pulse,
the shunting ground is removed from conductor 501,
and relay SRTA operates in series with the winding of re-

lay SRTI.

Upon receipt of the second reflected pulse of the veri-
fication signal pulse train, relay 6ME releases extending
ground over conductor 500 through the normal contacts
of relays SRTC and 5RTB, operated contacts of relay
SRTA, over conductor 503, through operated contacts
of relay SRT1 and through the winding of relay SRT2 to
battery, operating relay 5RT2. The same ground is ex-
tended through operated contacts of relay SRT2 to the
winding of steering relay SRTB which does not operate
at this time due to its having ground on both sides of its
winding. At the end of the second reflected pulse relay
6ME operates removing the shunt from steering relay
SRTB, and relay SRTB operates in series with counting
relay SRT2. The operation of relay SRTB releases the
previously operated counting relay SRT1 and the steering
relay SRTA. Thus, the two reflected pulses are registered
at the master station on the tens register relays (SRT-)
in FIG. 3.

It will be remembered that after the second pulse was
received at the remote station relay 10TT operated there-
at to provide steady battery on M lead 117 at the remote
station and block the reflection of further pulses back to
the master station. This resnlted in the holding of pulse
receiving relay 6ME operated for the remaining eight
pulses of the first verification pulse train. The pulse gen-
erator circuitry in FIG. 7, nevertheless, continues to
furnish pulses to the counting circuitry therein (relays
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7P-) through the remainder of the sixth cycle during
which the ten pulse train verification signal is being trans-
mitted to the remote station.

At the end of the tenth pulse, counting relay 7P10 is
operated and a circuit is closed for operating pulse and
relay 6PE. This circuit can be traced from battery through
the winding of relay 6PE, through operated contacts of
relays 6PS and 7P10, over conductor 663 and through
operated contacts of relays 8W and 3ST to ground. Re-
lay 6PE, in operating, releases pulse start relay 6PS which
disconnects relay 7P from the pulse generator 7PG. Re-
lay 7P releases thereby connecting steady negative battery
over M lead 114 and stopping further pulses from being
transmitted over channel 112 to the remote station. Steady
battery on M lead 114 causes tone to be removed from
channel 112, and relay 9RE at the remote station remains
operated releasing relay 11RA in FIG. 11.

Relay 11iRA, in releasing, extends ground from the
operated contacts of relay 11R in FIG. 11 through operat-
ed contacts of relay 10TT and through normal contacts of
relay 16DC to operate recycle relay 11RC. Relay 11RC
recycles the counting circuit in FIG. 11 by releasing relay
11RO and 11SA which operated on the tenth pulse re-
ceived from the master station. With relay 11RC operated,
oround is removed from one side of the winding of relay
16DC, and it operates in a circuit traced from battery
through the winding of relay 10TT, operated contacts of
relay 10TT and through the winding of relay 10DC to
oround on conductor 1£09. When relay 10DC operates the
negative battery potential connected to the M lead 117 at
the remote station is once again placed under control of
pulse receiving relay 9RE, and the remote station 1S now
ready to receive the next verification signal pulse train
from the master station.

During the recycling of the register at the remote sta-
tion the pulse generator and counting circuit at the mas-
ter station (FIG. 7) has been going through its seventh

cvcle, but no pulses are being transmitted to the remote
station since relay 7P has been disconnected from the

pulse generator relay 7PG. The seventh cycle and other
odd numbered cycles furnish the inferdigital timing in-
terval as previously described.

Near the end of the seventh cycle, that is when relay
7P18 operates, relay 8W operates as previously de-
scribed to operate the next digit counting relay 8D4. This
circuit can be traced from ground through operated con-
tacts of relays 3ST and 8W, over conductor 804, through
normal contacts of relay 8Z, operated contacts of relay
8DC, over conductors 811 and 812, operated contacts
of relay 803 and through the winding of relay 8$D4 to
battery.

Upon the receipt of the next pulse from pulse generat-
ing relay 7PG, pulse counting relay 7P11 and steering
relay 7PC operate. Relay 7PC releases the priorly op-
erated pulse counting relay 7P10, and the release of re-
lay 7P10 permits relay 8Z to operate in the same manner
as previously described. When relay 8Z operates the
ground is removed from conductor 812, and relay 8DA
operates in series with the winding of digit counting relay
8D4. Relay 8DA in operating releases the previously op-
erated digit counting relay 8D3 and steering relay 8DC.

With digii counting relay 8D4 operated and relay §D3
released, the contacts in FIG. 5 of pulse receiving relay
6ME are transferred from the tens register relays (SRT-)
to the units register relays (SRU-).

In the same manner as previously described with re-
spect to the transmission of other digits to the remote
station, pulse generator relay 7PG continues to pulse the
pulse counting relays 7P— until relay 7P0 operates. The
operation of relay 7P8¢ completes the previously traced
operating circnit for pulse start relay 6PS which operates.

When pulse start relay 6PS operates, pulsing relay 7P
is once again connected to the pulse generator to begin
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transmitting the second verification signal pulse train to
the remote station. In the same manner as described

above, relay 7P alternately connects battery and ground to
M lead 114 at the master station to cause relay 9RE at
the remote station to operate and release. Relay 9RE in
following the pulses from the master station alternately
connects battery and ground to M lead 117 at the remote
station which causes the operation and release of pulse
receiving relay 6ME at the master station thereby reflect-
ing the pulses received from the master station back to the
master station.

In addition, relay 9RE actuates the counting circuit in
FIG. 11 in the same manner as described above. When
the counting circuit in FIG. 11 responds to the third
pulse, relay 1iR3 operates and upon the cessation of the
third pulse steering relay 11SC operates to release the
previously operated steering and counting relays.

With relay 11R3 operated a circuit is completed for
operating relay 10TU in FIG. 10. This circuit can be
traced from ground through contacts of relay 11R, over
conductor 1008, operated contacts of relays 10DB, 9RE
and 16DC, normal contacts of relay 10DD, through oper-
ated contacts of relays 11R3 and 10U3, over conductor
1009 and through the winding of relay 10TU to battery.
The eround for operating relay 10TU is also extended
through its operated contacts to the winding of relay
10DD, but relay 16DD having ground on the other side
of its winding does not operate at this time.

When relay 10TU operates the negative battery through
resistance R7 in FIG. 9 is once again connected to M lead
117 bypassing the pulsing contacts of relay 9RE. With
steady battery connected to M lead 117 the pulses trans-
mitted from the master station are no longer being re-
flected back to the master station, and relay 6ME thereat
is held operated.

While the second verification signal pulse train compris-
ing ten pulses is being transmitted to the remote station
and relay 6ME at the master station was following the
reflected pulses, the units register counting circuitry in
FIG. 5 was registering the reflected pulses. Each time
relay 6ME releases one of the relays SRU- operates 1o
register the receipt of a pulse. This register circuit is
similar to the tens digit register (relays SRT- etc.) and
need not be described herein in detail. Instead it will be
assumed that the units register (relays SRU- etc.) has
responded to the three pulses which have been reflected
from the remote station to indicate that the command
sienal three is registered thereat. Register units relay
SRU3 and steering relay SRUC would be operated at the
end of the third pulse.

Although pulses are no longer being reflected back
as indicated by the continuously operated puise receiving
relay 6ME at the master station, the pulse generator con-
tinues to function through its eighth cycle operating puls-
ing relay 7P and the pulse counting circuitry in FI1G. 7,
until the tenth pulse of the verification signal pulse frain
has been transmitted. When the tenth pulse is transmitted
relay 7P16¢ operates and completes the operating circuit
for pulse end relay 8PE which, in turn, disconnects the
pulsing relay 7P from the pulse generator. Relay 7P re-
leases and connects steady battery over M lead 114 to
single frequency signaling circuit 110. The pulse generator
continues to function causing the pulse counting circuitry
in FIG. 7 to step through its ninth cycle which provides
the interdigital timing interval between the transmission
of the second verification pulse train and an execute sig-
nal which will be subsequently transmitted if the digits
represented by the reflected pulses that have been regis-
tered at the master station match the digits which were
initially selected by the attendant thereat. During the
interdigital timing interval, the circuitry at the remote sta-
tion 101 functions in a manner to that already described
with respect to the receipt of the first verification digit at
the remote station. Relay 9RE remains operated due to
the signal from the master station and releases relay 11RA
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in FIG. 11. Relay 11RA, in releasing, extends ground
through normal contacts of relay 10DD to operate re-
cycle relay 11RC. Relay 11RC restores the counting cir-
cuitry in FIG. 11 by releasing relays 11RO and 11SA.
With relay 11RC operated, ground is removed from one
side of the winding of relay 10DD and it operates in a
circuit traced from battery through the winding of relay
10TU, operated contacts of relay 10TU, and through oper-
ated contacts of relay 11R to ground. The remote station
is now ready to receive the execute signal from the master
station,

When pulse counting relay 7P10 operates during the
ninth cycle relay 8W in FIG. 8 also operates and com-
pletes a circuit for operating digit counting relay 8DS3.
This circuit can be fraced from ground through operated
contacts of relays 3ST and 8W, over conductor 804, nor-
mal contacts of relays 8Z, 8DC, and 8DB, over conducior
805, operated contacts of relay 8DA, over conductor 813,
operated contacts of relay 804 and through the winding
of relay 8D5 to battery. Upon the operation of the next
pulse counting relay 7P11, relay 7PC operates to release
the previously operated pulse counting relay 7P10. With
relay 7P10 released, relay 8Z operates removing the
ground from conductor 813 and permitting steering relay
8DB to operate In series with the winding of relay 8D5.

It will be remembered that the attendant at the master
station selected the digits two and three for transmission
to the remote stations and this caused the operation of
tens and units selection relays 3T2 and 3U3. Having regis-

tered the pulses representing the digits two and three which

were reflected back as a result of the transmission of the
verification signals, the master station is now ready to
transmit an execute signal. In this illustrative example the
digit three will be used as an execute signal. With digit
counting relay 8D35 operated a circuif 1s completed for
operating the pulse start relay 6PS. This circuit can be
traced from ground through operated contacts of relays
3ST and 8W, operated contacts of relays 3T2 and SRT2,
operated contacts of relays SRU3J and 3U3, operated con-
tacts of relays 8D5 and 7P0, normal contacts of relay 7P1
and through the winding of relay 6PS to battery.

When pulse start relay 6PS is operated pulsing relay
7P is once again connected to the pulse generator in FIG.
7, and relay 7P begins to alternately connect battery and
ground over M lead 114 to single frequency signaling
circuit 110. In addition the pulse counting circuifry is
beginning its tenth cycle with relay 7P operated. The
pulsing relay 7P will send out the pulses via the single
frequency signaling circuit until the counting circut in
F1G. 7 detects the third pulse and relay 7P3 operates.
Relay 7P3, when operated, extends the operating ground
for relay 7PS over conductor 602 and through the wind-
ing of pulse end relay 6PE to battery operating relay
6PE which opens the holding circuit for relay 6PS. Relay
6PS releases disconnecting pulsing relay 7P from pulse
generator relay 7PG.

The three pulses transmitted for the execute signal
function in the same manner as previously described each
operating and releasing pulse receiving relay SRE at the
remote station. Relay 2RE, in following the pulses, also
causes the counting circuit (relays 11R-) in FIG. 11 to
function. Assuming that all three pulses of the execute
signal have been transmitted, counting relay 11R3 and
steering relay 11SC will be operated. At the end of the
execute signal pulse train, relay 2RE is held operated by
single frequency signaling circuit 111, and slow release
relay 11RA 1s permitted to release. A circuit is now com-
pleted for operating relay 16TR in FIG. 10. This circuit
can be traced from ground through operated contacts of
relay 11R over conductor 1601, through normal contacts
of relay 11RA, operated contacts of relay 10DA, over
conductor 1007, operated contacts of relays 10DB and
10DD, over conductor 1818, operated contacts of relay
11R3 and through the winding of relay I10TR to battery.

When relay 10TR operates signifying the receipt of
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the execule signal a circuit is completed for operating one
of the control relays in communications circuit 102.
Since the selected command signal was digit 3, relay
10U3 was priorly operated, and an obvious circuit is now
completed for operating control relay SCR. Had other
command signals been transmitted to the remote station
181, a different units relay (10U-) would be operated to
operate a different control relay in communications cir-
cuit 162.

Meanwhile, at the master station 100 the pulse gener-
ator and counting circuitry in FIG. 7 is going through
its eleventh cycle during which no pulses are transmitted
to the remote stations, but sufficient time is allowed for
confrol relay 9CR at remote station 181 to perform its
function in communications circuit 102, Near the end of
the eleventh cycle pulse counting relay 7P19 is once
again operated to reoperate relay 8W, and relay 8W ex-
tends ground over conductor 804, through normal con-
tacts of relays 8Z and 8DC, operated contacts of relay
8DB, over conductors 810 and 814, operated contacts of
relay 8D5 over conductor 815 and through the winding
of relay 8D$6 to operate digit counting relay 8D6.

Relay 8106 in operating comnnects ground through oper-
ated contacts of relay 3ST and over M lead 114 to single
frequency signaling circuit 110 thereby causing tone to
be transmitted to the single frequency signaling circuit
111 at the remote station. Transmission of tone to the
remote station causes receive relay 9RE thereat to re-
lease and after a sufficient interval of time slow release
relay 11R in FIG. 11 releases. Relay 11R, in releasing,
restores all of the relays at the remote station to normal.

‘The pulse generator and counting circuit at the master
station now goes through its twelfth and final cycle but
no pulses will be transmitted to the remote stations. Near
the end of the final cycle relay 7P10 operates once more
to operate relay 8W. With relay 8W and digit counting
relay 8D6 operated, a circuit is completed for operating
release relay 8RLS. This circuit can be traced from
ground through operated contacts of relays 3ST and 8§W,
over conductor 804, normal contacts of relay 8Z, oper-
ated contacts of relay 8DC, over conductor 811, operated
contacts of relay 8D6, over conductor 816 and through
the winding of relay S8RLS to battery. Relay 8RLS in
operating locks to ground on conductor 817 through op-
erated contacts of relay 3ST.

Relay 8RLS opens one set of its contacts in FIG. 3 to
interrupt the holding circuit for relays 3ST, 3TA and 3T2
and these relays release. Relay 8RLS also opens its other
contacts in FIG. 3 to release relays 3U3 and 3UA. In
releasing, relay 3ST opens its contacts in FIG. 7 stopping
the pulse generator, releasing the last operated counting
relay (7P-) and the last operated steering relay (7PA,
7PB or 7PC). In addition, relay 3ST opens its contacts
in FIG. 5 to release relays 5RT2, 5RTB, 5RU3 and
SRUC, and relay 3ST opens its contacts in FIG. 8 to re-

lease relays 8D6, 8DC, 8Z and 8RLS thereby restoring
the master station to normal.

Thus, from the foregoing description it can be seen
that any one of a plurality of remote stations can be ad-
dressed and command signals sent to the remote station
and that verification of the signals received at the remote
station can be accomplished by transmitting additional
signals from the master station and reflecting the signals
back to the master station modified in accordance with
the signals initially registered at the remote station.

In other words, the master station is capable of trans-
mitting a plurality of signals which in the illustrative em-
bodiment are ten pulses. Each distinct address code or
command signal is composed of a different number of
pulses. In the foregoing description the address code used
comprised two pulses while the command signal com-
prised a pulse train of three pulses. When a particular
function was to be performed at the designated remote
station, the address code 2 and the command signal 3
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were transmitted to the remote station and registered
thereat.

To ascertain if the digits were correctly registered at
the remote station, the entire group of signals (i.e., all ten
pulses) are transmitted to the remote station, but only
the pulses representing the digits stored at the remote
station are reflected back. More specifically, to verify that
the address code, digit 2, has been received at the remote
station, a ten-pulse verification signal was transmitted to
the remote station and only the first two pulses were
reflected back to the master station. Similarly, to verily
the registration at the remote station of a command sig-
nal comprising the digit 3, a ten-pulse verification signal
was transmitted from the master station, and only the
first three pulses were reflected back to the master sta-
tion. The reflecting signals are registered at the master
station and matched with the address and command sig-
nals initially selected. If a suitable match is detected, an
execute signal is sent to the remote station.

Although the mode of signaling used in this i1llustartive
embodiment of the invention involves direct-current
pulses which are converted to tone bursts for transmis-
sion between the master station and the remote stations,
it will be obvious to those skilled in the art that other
types of signaling are suitably adapted for use in my in-
vention.

Remote station reporting

As was set forth in the general description, the system

is arranged to report to the master station various con-
ditions that might obtain at a remote station. For exam-
ple, if a trouble condition is encountered at one of the
remote stations, the remote station experiencing the trou-
ble signals the master station and the master station
takes a roll call to ascertain which remote station is in
trouble.

To illustrate the operation of the system In reporting
various conditions at a remote station, let it be assumed
that a trouble condition in communications circuit 102
is indicated by the operation of an alarm relay 9AL2,
the contacts of which are shown in FIG. 9. Relay 9A1.2,
in operating, extends ground over conductor 901 {o op-
erate relay 9A at remote station 101.

Relay 9A operates and completes a circuit for operat-
ing relay 9TX. This circuit can be fraced from ground
through normal contacts of relays 11R and 10AX, op-
erated contacts of relay 9A, over conductor 903 and
through the winding of relay 9TX to battery. Relay 9TX
connects negative battery from resistance R7, over con-
ductor 992, through operated contacts of the 91X and
over M lead 117 to single frequency signaling circuit
111 to remove the tone being transmitted to single fre-
quency signaling circuit 11¢ at the master station.

Turning now to the master station in FIGS. 3-8, when
tone is removed from line 113 receive relay 6ME oper-
ates, and relay 6ME extends ground from normal con-
tacts of relay 3ST in FIG. 3, over conductor 319 and
through the winding of relay 3T1, thereby operating re-
Iay 3T1. Relay 3T1 completes an obvious operating cir-
cuit in FIG. 3 for operating relay 3STA.

Relay 3STA, in operating, completes a circuit for op-
erating relays 3UA and 3U1 in series. This circuit can be
traced from ground through normal contacts of relays
8RLS over conductor 311, through the winding of relay
3UA, over conductor 312, operated contacts of relay
3STA and through the winding of relay 3U1 {o battery.
When relay 3UA operates ground from normal contacts
of relay 8RLS in FIG. 3 is extended over conductor 364,
through the contacts of relay 3UA and through the wind-
ing of start relay 3ST to battery operating relay 3ST.

With relay 3STA operated the “ALL OK” lamp 408 is
extinguished. In addition, relays 3T1 and 3U1 light lamps
4T1 and 4U1, respectively, to provide an indication that
the alarm reporting cycle is in progress.
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the start relay 3ST operated the pulse generator and
counting circuitry in FIG. 7 began to operate through
its first cycle. The operation of relay 3ST at the master
station also connects battery over M lead 114 removing
tone from channel 112 and operating relay 9RE at each
of the remote stations. Relay 9RE, in operating, opens
the operating circuit for relay 9TX which releases, and
relay 9TX, in releasing, removes battery from M lead
117 causing relay 6ME at the master station to release.

Meanwhile the pulse generator and counting circuit In
FIG. 7 has stepped through its first cycle operating relay
8W at the end of that cycle. Relay 8W in operating com-
pletes the previously traced circuit for operating the first
digit counting relay 8D1, and with relays 8W and 8DI1
operated a circuit is completed in FIG. 4 for operating
relay 4AA. This circuit can be traced from ground
through operated contacts of relays 3STA, 8W, 8D1 and
through the winding of relay 4AA to battery. Relay 4AA
locks through its own contacts and operated contacts of
relay 6ME to ground through the operated contacts of
relay 3STA. Relay 4AA, in operating, opens its contacts
in FIG. 4 to interrupt the locking circuit for normally
operated relays 4A2 through 4A9, releasing any of these
relays that have been operated as a result of a previous
alarm reporting cycle.

The pulse generator and counting cu*cmtry in FIG. 7
now begins its second cycle during which the digit 1
will be transmitted to all remote stations. The outpulsing
of the digit 1 is accomplished in the same manner as
previously described with respect to the outpulsing of the
address code and command signals. Pulse start relay
6PS is operated when pulse count relay 7P0 operates dur-
ing the second cycle. Relay 6PS connects pulsing relay 7P
to the pulse generator relay 7PG, and relay 7P, it will be
remembered, transmits pulses via the single frequency
signaling circuits t0 the remote stations.

In addition, with relay 3STA operated relay 7P com-
pletes a path for operating tens register relay SRT1. This
circuit can be traced from ground through operated con-
tacts of relays 3ST, 3STA and 7P, over conductor 5035,
operated contacts of relay 8DI1, over conductor 500, nor-
mal contacts of relays SRTC, SRTB and SRTA, over
conductor 561 and through the winding of relay SRI1 to
battery. When relay SRT1 operates, a circuit is completed
to extend the operating ground to the winding of steering
relay SRTA which does not operate at this time since it
has ground on both sides of its winding. Relay SRTA
does operate, however, at the end of the first pulse. At
the end of the first pulse counting relay 7P1 operates and
completes a circuit for operating pulse end relay 6PE.
This circuit can be traced from ground through operated
contacts of relays 3ST and 8W, over conductor 603,
through operated contacts of relays 7P1, 3T1 and 8DI1,
over conductor 602 and through the winding of relay 6PE
to battery. Relay GPE operates to release pulse start
relay 6PS and disconnect pulsing relay 7P from the
pulse generator thereby blocking the further transmis-
sion of pulses to the remote stations.

At the remote station relay 9RE responds to the receipt
of the first pulse actuating counting relay 11R1,

After the first digit 1 is transmitted to the remote sta-
tions the pulse generator and counting circuit at the
master station (FIG. 7) steps through 1ts third cycle to
provide the first interdigital timing interval. During this
interval relay 9RE at the remote station is held operated
to release relay 11RA thereat.

With relay 11RA released and counting relay 11R1
operated a circuit is completed from ground through oper-
ated contacts of relay 1IR in FIG. 10, over conductor
1001, normal contacts of relays 11RA and 10DA, oper-
ated contacts of relay 11R1, over conductor 1011, nor-
mal contacts of relay 10AL and through the winding of
relay 10AL to battery thereby operating relay 10AL.
Relay 10AL locks through its own contacts to ground on
conductors 1013 and 1004, Additionally, the ground on
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conductor 1011 is extended over conductor 1012, nor-
mal contacts of relay AR and through the winding of
relay 10AX to battery operating relay 10AX. Relay
10AX locks through its own contacts to ground on oper-
ated contacts of relay 9A. Relays similar to 10AL at all
other remote stations operate in a simlar manner to
prepare all stations for reporting when they are poled
from the master station.

At the master station the pulse generator and count-
1ng circuit in FIG. 7 is continuously operating and near
the end of the third cycle when relay 7P1¢ operates, re-
lay 8W operates to complete the previously traced operat-
ing circuit for digit counting relay 8D2 which operates,
Subsequently, when relay 7P10 releases the shunt is
removed from around relay 8Z allowing it to operate
and remove the shunt from around steering relay 8DB,
and relay 8DB operates. With relay 8DDB operated, an
additional operating path 1s provided for relays 8W and
87 when relay 7P8 operates during each subsequent
counting cycle, By operating and releasing relays 8W
and 87 once during each counting cycle, the digit 1 is
outpulsed at the start of each cycle and the interdigital
timing interval is reduced. Relays 8D2 and 8DB remain
operated so that subsequent pulses will advance units
register relays SRU-.,

The pulse generator and counting circuit now steps
to its fourth cycle transmitting another digit 1 to the
remove stations, This 1s accomplished in the same man-
ner as previously described, however when pulsing relay
7P operates to transmit the digit 1 it also operates units
registration relay SRU1 in FIG. 5. This circuit can be
traced from ground through operated contacts of relays
3ST, 3STA, 7P and 8D2, through normal contacts of
relays SRUC, SRUB and 5RUA, over conductor 564
and through the winding of relay SRUZX to battery. At
the end of the first pulse the ground is removed from
conductor 504, and relay SRUA operates in series with
the winding of relay SRU1. At the end of the first pulse,
counting relay 7P1 operates completing the previously
traced path for operating pulse end relay 6PE, and relay
6PE operates releasing pulse start relay 6PS. Pulse start
relay 6PS, in releasing, disconnects pulsing relay 7P from
the pulse generator circuit and stops the further trans-
mission of pulses to the remote stations,

At the remote station 101 relay 11RC does not operate
to recycle the register circuit in ¥IG. 11 and when relay
9RE responds to the second digit 1 operating counting
relay 11R2 and steering relay 11SB which releases the
priorly operated counting relay 11R1. During the inter-
digital timing interval after the second digit 1 has been
received relay 9RE holds operated permitting relay 1I1RA
to release, and a circuit 1s completed from ground through
operated contacts of relay 11R in FIG. 10, over conduc-
tor 1001, normal contacts of relays 11RA and 10DA,
over conductor 1014, operated contacts of relay I0AL,
normal contacts of relay 11RA and operated contacts
of relay 11R2 to punching RAZ, over cross-connection
1015 to punching RT and over conductor 1016 to the
contacts of relay 9A in FIG. 9. Since it has been assumed
that an alarm condition exists at remote station 101, relay
9A would be operated to prevent the operation of relay
OTX. If no alarm conditions exist at the remote station,
relay A would be released and relay 91X would operate
to signal the master station over the single frequency
signaling circuits 113 and 119.

Each of the other remote stations would have its RT
punching cross-connected to different RA—~ punching so
that these stations would respond to the roll call in se-

quence as subsequent digits 1 are outpulsed from the
master station. For example, as the third digit 1 is out-
pulsed, the counting relay 11R3 would be operated at
all remote stations to extend the ground over the previ-
ously traced circuit to punching RA3. At staiion number
3 punching RA3 wouid be cross-connected to punching
RT to extend the ground to the contacts of relay 9A
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thereat. If that station has an alarm condition, relay 9A
would be operated to block the operation of relay 91X,
but if that station is not experiencing an alarm, relay
9TX operates connecting battery over M lead 117 to the
single frequency signaling circuit 111. Battery on M
lead 117 at a remote station, it will be remembered,
causes relay 6 ME at the master station to operate.

Since there is an alarm condition at remote station 161,
relay 6ME does not operate when remote station 191
is polled. As a result, relay 4A2 in FI1G. 4 does not op-
erate, and a circuit is prepared for lighting lamp 4635 to
indicate that an alarm condition exists at remote station
161.

It will be remembered that the first digit 1 from the
master station prepared all remote stations for alarm
reporting and also operated tens register relay SRT1.
The second digit 1 on the other hand was used to poil
the remote station 101 (whose address code is 2) and
caused units register relay SRU1 to operate at the master
station. With the polling of each subsequent remote sta-
tion by the transmission of additional digits 1 the units
register circuit in FIG. 5 will advance accordingly.

For example, let it be assumed that the third digit 1
has been transmitted to a remote station whose address
ccde is 3 and that no alarm conditions exist at that remote
station. Accordingly, the RA3 punching at that station
would be cross-connected to punching RT and relay 9TX
at the polled station would operate to place battery on
M lead 117 thereat. This causes relay 6ME at the master
station to operate.

When the master station transmifs the third digit 1,
units register relay SRU2 was operated, and with relay
8ME operated a circuit is completed for operating relay
4A3. This circuit can be traced from ground through
operated contacts of relay 3STA, normal contacts of relay
8W, operated contacts of relay §ME over conductor 404,
operated contacts of relay SRU2, normal contacts of relay
4A3 and through the winding of relay 4A3 to battery.
Relay 4A3 locks through its own contacts to ground on
normal contacts of relay 4AA. Relay 4A3 in operating
also prepares a circuit for lighting the no-alarm lamp 466
for station number 3.

The master station continues to transmit a series of
digits 1 until all of the remote units have been polled
and have answered back with a no-alarm or alarm con-
dition as indicated by the operation or release of relay
OME at the master station. After the last or tenth station
has been polled, units register relay 3RU operates from
the operated pulsing relay 7P and closes a circuit for
operating relay 8D6. This circuit can be traced from
ground through operated contacts of relays 3ST and 8W,
normal contacts of relays 8Z and 8§DC, operated contacts
of relay 8DB, over conductor 818, through normal con-
tacts of relay 3STC, operated contacts of relay 3STA,
over conductors 818 and 815 and through the winding
of relay 8D6 to battery. The digit counting relay 8D86
connects ground to M lead 114 by-passing the contacts
of pulsing relay 7P. Steady ground on M lead 114 causes
relay 9RE to release at the remote stations, and relay
9RE releases relay 11R causing the remote station to
restore to normal except that relays 2A and 180AX will
remain operated at those stations having an alarm con-
dition which is indicated by the operated relay 9AI-
thereat.

With relay 8D6 operated the next counting cycle by
the pulse generator and counting circuit (FIG. 7) causes
relay 8W to operate and complete the previously traced
circuit for operating release relay 8RLS. Relay 8RLS, in
operating, opens a holding circuit for relays 3ST, 371,
3TA, 3U1 and 3UA and these relays release. Relay 35T,
in turn, releases relay 3STA.

At the end of the polling cycle if no remote stations
have reported an alarm condition, relays 4A2 through
4A9 would be operated, and relay 4MA remains released
lighting “ALL OK” lamp 468. If, however, as with the
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example being described at least one station has reported
an alarm, the corresponding relay 4A— would be re-
leased completing an obvious circuit for operating relay
4MA. With relay 4MA operated battery 1s extended over
conductor 407 to light the various lamps indicating which
remote stations have alarm conditions. Since remote sta-
tion 101 reported an alarm, lamp 405 would be lighted.

Checking alarm conditions at remote station

It will be recalled from the above description that each
remote station may encounter several trouble conditions
which can actuate different alarm relays (SAL-) at the
remoie stations. In the remote station reporting cycle

escribed above the master station took a roll call of
all remote stations to see which station had encountered
an alarm. Having determined which station was reporting
an alarm by the lamp indication at the attendant’s con-
sole, the attendant can now interrogate that station {o
ascertain which of the many alarms may be operated at
that station.

It has been assumed that the alarm relay 9AL2 was
operated at remote station 101 causing the alarm lamp
405 at the master station to be lighted at the end of the
roll call of all remote stations. The attendant at the
master station now operates selection keys 2 and 1 to ini-
tiate the alarm checking operation The selection key
2 causes the transmissions of the address code for the
remote station 101, and selection key 1 causes the trans-
mission of the digit 1 which is the command signal to
initiate the alarm checking cycle.

The momentary operation of selection key 2 causes
relays 3T2 and 3TA to operate as before followed by
the momentary operation of selection key 1 which causes
relays 3U1, 3UA and 38T to operate in the same manner
as previously described with respect to the addressing of
a remote station. With relay 3U1 operated an obvious
circuit for operating relay 3STC is completed in FIG. 3.

Relay 3ST, in operating, starts the pulse generator and
counting circuit in FIG. 7, and the digit 2 is transmitted
to all remote stations to operate relays 10TA and 10DA
at the addressed station, that is, remote station 101, and
to operate relay 10C0 at all other remote stations.

The operation of the other selection key 1 causes the
command digit 1 to be transmitted to the remote station
181, and upon the receipt of the digit 1 pulse counting
relay 11R1 is operated at the remote station to complete
a circuit for operating checking relay 18CK. This circuit
can be traced from ground through operated contacts
of relay 11R, over conductor 1061, normal contacts of
relay 11RA, operated contacts of relay 18DA, over con-
ductor 1807, normal contacts of relays 19DB and 10CK,
operated contacts of relay 11R1 over conductor 1018,
normal contacts of relay 16CK and through the winding
of relay 10CK to battery. Relay 19CK locks through its
own contacts to ground on conductors 1017 and 1064.

Relay 10CK, in operating, extends its operating ground
from conductor 1007 through 1is operated contacts, over
conductor 1019 to FIG. 9, over conductor 907, operated
contacts of relay 11R1 and through the winding of relay
9TX to battery operating relay 9TX. Relay 9TX in op-
erating extends battery over M lead 117 to single fre-
quency signaling circuit 111 causing the tone to be re-
moved from line 113 and relay 6ME at the master sta-
tion to operate.

At the master station with relay 3STC operated the
digit 2 is also registered on the tens digit register (relays
5RT1 through SRT0) as indicated by the operated relay
SRT2.

With relay 3STC operated the master station performs
substantially the same as during the alarm reporting
cycle, that is, by automatically transmitting a series of
alarm checking digits (digits 1) to the addressed remote
station and responding to an answer-back signal as in-
dicated by the operated or released condition of relay
6ME at the master station.
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The digit 1 transmitted after the address and command
signals (2 and 1) causes the counting relay 11R2 and
relay 115B at the remote station fo operate releasing
relay 11R1. During the interdigital timing interval at the
end of the first checking digit 1 relay 11RA releases at
the remote station and a circuit is completed from ground
through operated contacts of relay 11R, over conductor
1001, normal contacts of relay 11RA, operated contacts
of relay 10DA, over conductor 1007, through normal
contacts of relay 10DB, operated contacts of relay 16CK,
over conductor 1019 to FIG. 9, over conductor 906, nor-
mal contacts of relay 11RA, over conductor 904 and
through operated contacts of relay 11R2 to the contacts
of relay 9AL1. Since it has been assumed that relay
9AL1 has not operated, the ground is extended over con-
ductor 905 and through the winding of relay 9TX to
battery, operating relay 9TX. Relay 9TX, in operating,
connects battery to M lead 117 at the remote station
causing relay 6ME at the master station to operate. If
the 9ALIL relay were operated due to a particular alarm
condition at the remote station, relay 9TX would not
operate at this time to return a signal to the master sta-
tion. It has been assumed, however, that the only alarm
relay at the remote station which is operated is relay
YA1.2 and therefore relay 9TX operates at this time.
The master station responds in the same manner as
during the alarm reporting cycle previously described.
Each time an alarm checking digit 1 is transmitted to the
remote station the digit also advances the units register
circuit in FIG. 5. With the first alarm checking digit 1
relay SRU1 is operated lighting lamp 4U1, the second
digit 1 operates relays SRU2 and S5RUB, lighting lamp
4U2 and extinguishing lamp 4U1, eic., as each checking
digit 1 is outpulsed to the remote station.

The master station continues to transmit alarm check-
ing digits as long as a satisfactory answer-back signal
is received from the remote station as indicated by the
operation of relay 6ME at the master station.

When the master station transmits the eighth digit 1,
relay 11R8 is operated at the remote station 101 and a
check is made of the contacts of alarm relay 9AL2 in
communications circuit 102. Since it has been assumed
that relay 9ALZ is operated indicating a particular alarm
at remote station 101, the contacts of relay 9AL2 in-
terrupt the operating circuit for relay 9TX. Relay 9TX,
by not operating at this time, does not send back the
satisfactory answer-back signal to the master station to
operate relay 6ME thereat.

With relay 6MFE normal when relay 8W releases after
the- eighth alarm checking digit 1 is transmitted, a cir-
cuit is completed for stopping the pulse generator relay
7PG and holding that relay operated. This circuit can be
traced from ground through operated contacts of relay
3STC, normal contacts of relay 6ME, operated contacts
of relay 8D2, normal contacts of relay 8W, over con-
ductors 709 and 702, through the upper winding of relay
7PG and through resistances R1 and R2 to battery hold-
ing relay 7PG operated.

Having already transmitted the eighth digit 1, register
relay SRU8 would be operated to light lamp 4U8 (not
shown) and inform the attendant which alarm condmon
exists at the remote station 101.

The master station will stay locked in this condition
until the attendant momentarily operates control key 307
which momentarily closes the operating circuit for relay
3C. Relay 3C in operating completes a circuit in FIG. 6
from ground through operated contacts of relay 3STC to
operate relay 6 ME and simulate a satisfactory answer-
back from the remote station.

When relay 6 ME operates, the holding path for relay
7PG is removed and the pulse generator relay starts once
again. Additional alarm checking digits 1 are transmitted
until all the alarm relay contacts at the remote station
101 have been checked. For digits not connected through
a checking path in an associated circuit, a simulated path
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is provided in FIG. 9 so that relay 9TX will operate and
cause the circuit to advance in a normal manner. The cir-
cuit then releases substantially in the same manner as
previously described with respect to the alarm reporting
cycle.

It is to be understood that the above-described arrange-
ments are merely illustrative of the application of the
principles of the invention. Numerous other arrange-
ments may be devised by those skilled in the art without
departing from the spirit and scope of the invention.

What is claimed is: |

1. In a remote conirol system, a master station in-
cluding means for generating a plurality of control sig-
nals, a remote station, means at said master station for
selecting from said plurality a particular control signal
to be transmitted to said remote station, means for regis-
tering said selected control signal at said remote station,
means for transmitting all of said control signals to said
remote station, and means controlled by said register
means for returning back to said master station certain of
said control signals generated and transmitted by said
master station.

2. In a remote control system, a master station in-
cluding means for generating a plurality of coatrol sig-
nals, a remote station, means at said master station for
selecting a particular one of said control signals and
transmittine said selected control signal to said remote
station, means at said remote station for registering said
selected control signal, means at said master station effec-
tive subsequent to the transmission of said selected comn-
trol signal for transmitting all of said control signals to
said remote station, means at said remote station con-
trolled by said register means for returning back to said
master station certain of said subsequently transmitted
control signals generated and transmitted by said master
station and means at said master station for comparing
the selected and returned control signals.

3. In a2 remote control system, a master station in-
cluding signal generating means, a remote station, means
at said master station for transmitting a command signal
to said remote station, means at said remote station for
registering said command signal in preparation for per-
forming a control function thereat, means at said master
station for transmitting a verification signal to said re-
mote station, means at said remote station controlled by
said register means for altering said verification signal in
accordance with the command signal priorly registered
thereat and for returning said altered verification signal
generated at said master station back to said master sta-
tion, means at said master station for matching said com-
mand signal with said returned verification signal, and
means responsive to said matching means for transmit-
ting an execute signal to said remote station.

4. In combination, a master station including means
for generating a plurality of command signals; a remote
station; a signaling channel interconnecting said master
station with said remote station; means at said master
station for transmitting a selected one of a plurality of
command sienals over said channel to said remote station;
means at said remote station for registering said selected
command signal; and an arrangement for verifying the
registration of command signals at said remote station
comprising means for transmitting all of said command
signals over said channel to said remote station, means
at said remote station controlled by said register means
for returning back over said channel to said master sta-
tion the particular command signal received from said
master station which corresponds to the command signal
priorly registered at said remote station, and means at
said master station for comparing the selected and re-
turned command signals.

5. In combination a master station including means
for generating a plurality of signals; a remote station; a
first signaling channel interconnecting said stations, means
at said master station for transmitting over said first
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signals: means at said remote station for registering the

signal received over said first channel; and an arrange-
ment for verifying the signals registered at said remote
station comprising means for transmitting all of said sig-
nals over said first channel to said remote station, a sec-
ond signaling channel interconnecting said stations,
means at said remote station for returning back over said
second channel to said master station a particular one of
said signals received from said master station over said
first channel and corresponding to said signal registered
at said remote station, and means at said master station
for comparing said returned signal with said selected
signal.

6. In combination a master station including means for
generating a plurality of signals; a remote station; a first
signaling channel interconnnecting said stations; means
at said master station for selecting one of said signals
and transmitting said selected signal over said first chan-
nel to said remote station; a contro] circuit at said re-
mote station; means at said remote station for register-
ing signals received over said first channel in preparation
for actuating said control circuit in accordance with the
particular signal registered thereat; and an arrangement
for verifying signals registered at said remote station com-
prising means for transmitting all of said signals over said
first channel to said remote station, a second signaling
channel interconnecting said stations, means at said re-
mote station for returning back over said second chan-
nel to said master station a particular one of said signals
received from said master station over said first channel
and corresponding to signals registered at said remote
station, means at said master station for matching said
select signal with said returned signal, and means respon-
sive to said matching means for transmitting an execute
sienal to actuate said remote station control circuit.

7. The invention defined in claim 6 wherein said re-
turning means comprises means comprises means for cou-
pling said first and second signaling channels so that sig-
nals received at said remote station over said first chan-
nel are retransmitted back to said master station over said
second channel, and wherein said register means com-
prises means for blocking the retransmission of all sig-
nals different from said registered signal.

8. A signaling system comprising a master station in-
cluding means for generating a plurality of pulse groups
each comprising a different number of pulses; a remote
station; a first signaling channel interconnecting said sta-
tions; means at said master station for transmitting a first
one of said pulse groups over said first channel to said
remote station; control means at said remote station;
means at said remote station for registering the number
of pulses in said first pulse group; and an arrangement
for ascertaining the number of pulses registered at said
remote station comprising means for transmitting over
said first channel to said remote station a second pulse
group having a greater number of pulses than said first
pulse group, a second signaling channel interconnecting
said stations, means at said remote station for repeating
back over said second channel to said master station a
portion of said second pulse group which represents the
number of pulses registered at said remote station, means
at said master station for counting the number of pulses
in said second group repeated over said second channel
and for comparing the number of counted pulses with
said first pulse group, and means responsive to said com-
paring means for transmitting a third pulse group over
said first channel to said remote station for actuating said
control means. |

9. The invention defined in claim 8 wherein said first
signaling channel comprises signal transmitting circuitry
at said master station and signal receiving circuitry at
said remote station, wherein said second signaling chan-
nel comprises signal transmitting circuitry at said remote
station and signal receiving circuitry at said master sta-
tion, and wherein said remote station repeating means

channel to said remote station a selected one of said 76 comprises means for coupling said first channel receiv-
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ing circuitry with said second channel transmitting cir-
cuitry under control of said register means.

10. Tn a remote control system, a master station in-
cluding signal generating means, a remote station, means
at said master station for transmitting a plurality of first
sienals to said remote station, means at said remote sta-
tion for registering each of said first signals In prepara-
tion for performmcr a control function thereat, means
at said master station effective after the transmission of
said first signals for sequentially transmitting a plurality
of second signals to said remote station, means at said
remote station for altering a different one of said second
signals in accordance with each first signal registered
thereat and for returning said altered second SIgnals back
to said master station, means at said master station for
comparing each of said first signals with one of said

altered second signals, and means effective when said
altered signals correspond to said first signals for trans-
nitting a third SIgnal to said remote station to perform

control function in accordance with the first signals
reglstered thereat.

11. In a remote control system a master station; a
plurahty of remote stations each including gating means
responsive to a different address signal; means at said
master station for transmitting a particular address sig-
nal to all said remote stations for enabling the gating
means at a particular one of said remote stations; means
at said master station for transmitfing a selected com-
mand signal to said remote stations; means at said par-
ticular remote station effective when said gating means
is enabled for registering said selected command signal;
and an arrangement for verifying signals registered at said
partlcular remote station comprising means at said master
station for transmitting a first verification signal to said
remote stations, means at said particular remote station
for altering said first verification signal to correspond to
said particular address signal and for returning said
altered first verification signal to said master station,
means at said master station for transmitting a second
verification signal to said remote stations, means at said

particular remote station for altering said second verifica-
tion signal to correspond to the command signal regls-
tered thereat and for returning said altered second veri-
fication signal to said master station, means at said master
station effective when said first altered verification signal
matches said particular address signal and said second
altered verification signal matches said selected comi-
mond signal for transmitting an execute signal to said

remote stations, and means at said particular remote sta-
tion responsive to said execute signal for performing a
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control function in accordance with the co
registered thereat.

12. The invention defined in claim 11 wherein said
gating means at said particular remote station comprises
means responsive to signals other than said particular
address signals for blocking the 0perat10n of said register
means.

13. In a signaling system comprising first and second
stations wherein any one of a plurality of signals is regis-
tered at said second station, an arrangement for ascer-
taining the particular signal registered at said second sta-
tion comprising means at said first station for transmit-
ting all said singals to said second station and means at
said second station for returning back to said first sta-
tion only that signal received from said first station which
corresponds to the signal registered at said second station.

14. A method for verifying at a first station the receipt
of signals at a second station comprising the following
steps, transmitting a particular signal to the second sta-
tion and registering the signal thereat, transmitting from
the first station to the second station a predetermined
plurality of signals including the particular signal and
returning back to the first station a portion of said plural-
ity of signals transmitted from the first station, wherein
the returned portion of signals is determined by the par-
ticular signal registered at the remote station.

15. A method for verifying at a master station the
receipt of signals at a remote station comprising the fol-
lowing steps, transmitting a first signal from the master
station to the remote station, registering the first signal
at the remote station, transmitting from the master sta-
tion to the remote station a second signal, altering the
second signal at the remote station in accordance with
the first signal registered thereat and returning the altered
second signal back to the master station, and comparing
at the master station the first signal transmitted with the
returned altered signal. '

mand signal
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