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ABSTRACT: A system for operating actuators, such as elec 
trically operable door locks, at one or more remote stations by 
means of a control unit at a central station. A lock signal of 
predetermined frequency is generated upon operation of a 
lock button on the control unit. The lock signal is supplied to 
the remote station via a main communication channel to 
deenergize power units on the doors and permit the spring 
loaded door locks to lock. An indicator lamp is provided at the 
central station to verify the proper locking of the doors upon 
reception of a return signal from the remote station. To open 
the doors, an unlock signal of another predetermined frequen 
cy is supplied to the remote station via the main communica 
tion channel line to energize the power units and overcome 
the spring forces on the locks. The unlock signal is initiated 
upon operation of an unlock button on the central station con 
trol unit or by operation of an unlock button on a second con 
trol unit at the remote station. A signal of a third predeter 
mined frequency is supplied upon operation of a night control 
button on the central station control unit to open a designated 
door at the remote station used for authorized night entry. 
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3,622,998 
REMOTE CONTROL SYSTEM WITH, VERIFICATION 

CAPABILITY 

BACKGROUND OF THE INVENTION 

The present invention concerns a system for operating and 
monitoring the condition of electrically energizable devices at 
one or more remote stations from a control unit at a central 
station. A preferred embodiment of the system is described in 
conjunction with controlling electrically actuatable door 
locks. 
Systems have been proposed in the prior art for automati 

cally operating devices at remote stations by means of controls 
at a central station. Generally, it is desirable that such systems 
be fail-safe in the sense that power failure or system failure 
leaves the controlled elements in a preferred or safe position. 
Furthermore, it is desirable to provide indicator means in such 
a system for an operator to verify the correct operation of the 
system. Finally, it is desirable to provide means for an opera 
tor at a remote station to carry out independently certain con 
trol operations without compromising the security afforded by 
central station control. 
Generally, the remote-central station control systems 

known in the prior art have omitted one or more of the above 
features and have not been characterized by good reliability. 
Furthermore, prior art systems are usually complex and so ex 
pensive that the cost of their use in other than the most so 
phisticated applications is prohibitive. 

OBJECTS OF THE INVENTION 

Accordingly, it is an object of the invention to provide an 
improved and simplified system for operating electrically 
energizable devices at one or more remote stations by means 
of a control unit located at a central station. 

It is another object of the invention to provide such a system 
which affords positive verification of the state or condition of 
a remotely controlled device. 

It is a further object of the invention to provide a system of 
the type described wherein verification errors are minimized. 
A preferred embodiment, as described herein, is used in 

conjunction with locking and unlocking remote door locks 
which are electrically actuatable. The locks are of a type 
which are fail-safe, in the sense that on the removal of energiz 
ing power, the locks automatically lock. Signalers are pro 
vided at a central station in the system which transmit signals 
for locking and unlocking one or more locks. A signaler at a 
remote station where controlled locks are located transmits a 
signal to a receiver at the central station to indicate when the 
locks are locked. Means are provided at the central station 
which prevents the occurrence of a locked-condition indica 
tion unless the remote locks have in fact locked. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects of the invention will become ap 
parent from the following detailed description taken in con 
junction with the accompanying drawings, wherein: 

Flg. 1 is a block diagram of a central control station em 
ploying the invention; 

FIG. 2 is a block diagram of a remote station employing the 
invention; 

FIG. 3 is a table showing the instantaneous conditions of 
various elements of the remote and central stations during 
operation of the system; and 

FIG. 4 is a block diagram of a system which includes two 
remote stations designed in accordance with the invention. 

DETALED DESCRIPTION OF THE INVENTION 

Referring now to the drawings, the preferred embodiment 
of the invention is used in conjunction with an electrical 
locking system which includes a central station as shown in 
FIG. l and one or more remote stations, each comprising ele 
ments arranged as shown in FIG. 2. For purposes of explana 
tion, the elements of the central and remote stations are 
shown in their normally deemergized conditions. 
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2 
A main communication channel 10 interconnects the cen 

tral station and each of the remote stations of the system. 
While only a single remote station is shown in the preferred 
embodiment, as many additional remote stations as are 
desired can be added to the system. Generators 12, 14, and 16 
of the central station are selectively isolated from the main 
line by a relay-controlled switch 18 including an actuating 
winding 19 and a normally open contact 20 in the main line. 
Control buttons 22, 24 and 26 are provided having first ter 
minals connected, respectively, to generators 12, 14, and 16; 
and second terminals connected to a DC power supply 28. A 
common power circuit is provided from the control buttons to 
switch 18 including lines 30 and diodes 31, 32, and 33 poled to 
permit current flow as shown. Operation of any of the control 
buttons 22, 24, 26 closes its contacts providing power to the 
generator associated therewith, and simultaneously providing 
power to winding 19 to close contact 20. 

All the generators are of conventional design. Generator 12 
selectively provides a 730 cycle AC signal; generator 14 selec 
tively provides a 400 cycle AC signal; and generator 16 selec 
tively provides a 960 cycle AC signal. In the embodiment illus 
trated, a signal from generator 12 is employed to lock all doors 
at the remote station; generator 14 to unlock one of these 
doors for authorized night-entry purposes; and generator 16 to 
unlock all such doors. The manner in which signals from these 
generators effect operation of the locks at the remote station 
is explained hereinafter. 

Line 35 connects the main channel 10 to an input of pream 
plifier 36, and lines 38 connect the output of the preamplifier 
to input terminals of a receiver 40 and a receiver 42. Receiver 
40 is a frequency-selective amplifier designed to produce a 
positive DC output in response to receiving at its input a 960 
cycle AC signal, and to produce a zero output in response to 
all other inputs. Receiver 42 is also a frequency-selective am 
plifier, designed to produce a positive DC output in response 
to a 1300 cycle input signal, and to produce a zero output in 
response to all other inputs. 

Line 44 connects the output of receiver 40 to the B input 
terminal of a dual input gate 46, and line 48 connects the out 
put of receiver 42 to the A input terminal of a dual-input gate 
50. The A input terminal of gate 46 is connected to the input 
side of generator 12 via line 34 and diode 47, and the output 
of gate 46 is connected to the B input terminal of gate 50 by 
line 51. Line 54 connects the output of gate 50 to one terminal 
of an indicator lamp 55, which has another terminal grounded. 
Gate 46 is a conventional unit designed to produce a posi 

tive level or ONE output on closing of the switch actuated by 
control button 22 and, simultaneously, the absence of a posi 
tive DC signal at the B input. Gate 46 produces a low level or 
ZERO output in the absence of a signal at the A input or in 
response to a positive DC inhibit pulse at the B input. Once 
the output of gate 46 is set to a ONE level it will remain in that 
state untila ONE or inhibit signal is applied to the B input ter 
minal. 
Gate 50 is a conventional-type dual-input gate which func 

tions somewhat differently than gate 46. The output of the 
gate is placed in a ONE state on ONE state voltages being 
placed simultaneously on both inputs. The output of the gate 
remains in a ONE state thereafter so long as a ONE state 
remains on the B input. In the absence of a ONE state on the B 
input, the output is in a ZERO state regardless of the condition 
of the A input. 
With the output of gate 50 in a ONE state, lamp 55 is ener gized. 
Referring now to FIG. 2, main channel 10 is shown con 

nected to an input terminal of an amplifier 60. Lines 61, 62 
connect the output of amplifier 60 to input terminals of 
receivers 66, 68, and 70. Amplifier 60 is a conventional unit 
and receivers 66, 68, and 70 are conventional frequency 
selective amplifiers similar in design to receivers 40 and 42. 
Receiver 66 produces a positive DC output signal in response 
to receiving a 960 cycle AC input. Likewise, receiver 68 
produces a positive DC output signal in response to receiving 
a 730 cycle AC input; a receiver 70 produces a positive DC 
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output signal in response to receiving a 400 cycle AC input. 
Line 72 connects the output of receiver 66 to the A input ter 
minal of a gate 76 which is substantially the same as gate 46, 
and line 73 connects the output of receiver 68 to the B or in 
hibit input terminal of gate 76. Line 73 also connects the out 
put of receiver 68 to an input terminal of a conventional timer 
77. 
Timer 77 is a unit designed to produce a DC output pulse of 

fixed duration, beginning on removal of a positive DC input 
signal on line 73 from receiver 68. Line 63 connects the out 
put of the timer through normally closed contacts 83 to an 
input terminal of a 1300 cycle AC generator 64. Line 65 
returns the output of generator 64 to main channel 10. 

Line 74 connects the output of gate 76 to an input terminal 
of relay 80, relay 82, and relay 84. Line 75 connects the out 
put of receiver 70 to the input terminal of relay 84. A diode 86 
is provided in line 74 between relays 82 and 84 to block the 
output of receiver 70 from relays 80 and 82. 
As shown by the dotted lines, a set of normally open con 

tacts 81 are associated with relay 80. Normally closed contacts 
83 are associated with relay 82. And normally open contacts 
85 are associated with relay 84. When relay 80 is energized 
contacts 81 close and voltage is supplied from a source, not 
shown, via line 87 to a plurality of power units 88, each as 
sociated with a main door lock at the remote station. When 
energized, the power units have sufficient force to overcome 
the force of spring members on the door locks and unlock the 
doors. However, when the power units are deemergized with 
the doors in a closed position, the spring-loaded locks move 
into their locked positions. 

in similar fashion, the energization of relay 84 closes con 
tacts 85 whereby voltage is supplied from a source, not shown, 
via line 89 to a power unit 90 associated with a door 
designated for night use at the remote station. Energization of 
relay 82 opens contacts 83 and interrupts the circuit between 
timer 77 and generator 64. 
Control switch 9 is part of an outside control unit hidden 

near the remote station. One contact of switch 91 is connected 
to a DC source not shown, and line 92 connects the other con 
tact of the switch to the input terminal of a generator 94. 
Generator 94, when energized, provides a 960 cycle AC out 
put signal. The output of the generator is returned to main 
channel 10 via line 96, for a purpose to be explained. 

Various operations of the system will now be explained in 
conjunction with the table shown in FIG. 3. The table shows 
the instantaneous state of various elements of the system dur 
ing the various cycles of operation of the system. To lock the 
main doors, button 22 at the central station is depressed, 
whereby generator 12 is energized and provides a 730 cycle 
AC lock signal. Winding 19 is energized by actuation of but 
ton 22, and contact 20 of switch 18 closes to supply the lock 
signal to the remote station via main channel 10. 
Closing of the switch associated with button 22 also supplies 

a ONE input to the A terminal of gate 46. Since there is then a 
ZERO on the B input of gate 46, the output of the gate has a 
ONE on it. The output of gate 50 is in a ZERO state since its A 
input is in a ZERO state. Therefore, lamp 55 is not energized. 
The 730 cycle lock signal on the main channel is detected at 

the remote station by receiver 68 which provides a ONE input 
to the B input terminal of gate 76. Accordingly, the output of 
gate 76 is at a ZERO level and relays 80 and 82 are deener 
gized. With relay 80 in a deemergized condition, contacts 81 
assume their normally open states and the power units for the 
main door locks are deemergized. Consequently, the spring 
loaded locks move to their locked position. 
At the same time, the ONE output of receiver 68 is supplied 

to timer 77, setting the latter. On removal of this ONE output 
from the input terminal of the timer the timer 77 produces a 
DC output pulse of fixed duration. Since relay 82 is deener 
gized, contacts 83 reside in a normally closed position and the 
output of timer, 77 is supplied to generator 64. Generator 64 is 
actuated by the timer pulse and produces a 1300 cycle AC 
verification signal during the 1-to-2-second duration of the 
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4 
timer pulse. The output of generator 64 is returned to the 
main channel and the central station where it is detected by 
receiver 42. The time interval afforded by timer 77 ensures 
proper and complete reception of a lock signal, and operation 
of the door locks, before a lock-verification signal can be 
returned to the central station. This is important in minimizing 
the chances for an error in the operation of the system. 

In particular, the time interval mentioned assures that a 
lock-verification signal is not transmitted to line, or main 
channel, 10 while a lock signal is still on the line, it thus posi 
tively prevents these two types of signals from overlapping in 
time, and from interfering with one another. As an important 
consequence, a single line (10) only is required to handle both 
signals, and this greatly simplifies and reduces the cost of an 
installation employing the invention. The duration of an out 
put signal of the timer is selected to ensure proper reception of 
a verification signal at the central station. 

In response to the 1300 cycle verification signal, receiver 42 
produces a ONE output which is supplied to the A input ter 
minal of gate 50. Since the B input terminal of gate 50 is also 
at a ONE level, gate 50 produces a positive DC or ONE output 
which lights lamp 55 as an indication that the doors have 
properly locked. So long as the relays controlling the door 
locks are deenergized, the lamp remains lit. 
To unlock the doors, button 26 at the central station is 

depressed by the operator to actuate generator 16 and provide 
a 960 cycle AC unlocking signal to the main channel. The un 
locking signal is detected at the remote station by receiver 66 
which produces a positive DC or ONE output in response 
thereto. The ONE output of receiver 66 is supplied to the A 
input terminal of gate 76. In the absence of a 730 cycle signal, 
the B input of gate 76 is at a ZERO level. Consequently, a 
ONE output is produced by gate 76 at its output, and supplied 
via line 74 to energize relays 80, 82, and 84. Energization of 
relay 80 closes contacts 81 and provides voltage to power 
units 88 which unlocks the main doors. Energization of relay 
84 closes contacts 85 and supplies voltage to unlock the night 
door. Energization of relay 82 opens contacts 83. 
The 960 cycle unlock signal is also detected by receiver 40 

at the central station which provides a ONE input to the B ter 
minal of gate 46. As a consequence, the outputs of gates 46, 
50 are placed at a ZERO level, and lamp 55 is deenergized to 
indicate that the doors are unlocked. 
Operation of switch91 at the remote station also provides a 

960 cycle AC unlocking signal to the main channel which 
serves to unlock the main doors and night door in the manner just explained. 

Control switch 91 is preferably hidden outside the remote 
station in a location known only to authorized persons. Ac 
cordingly, the switch can be utilized to provide an unlock 
signal for all the doors at the remote station without com 
promising the security of the system. 

It will be noted that if, subsequent to transmission of a lock 
signal from generator 12, and prior to reception by receiver 42 
of a verification signal, an unlock signal is transmitted by 
either of generators 16 or 94, lamp 55 will not light up. This is 
because receiver 40 will place an inhibit signal on the B input 
of gate 46, resulting in the application of a ZERO state voltage 
to the B input of gate 50. In order for the lamp to light, a 
proper verification signal must be received in receiver 42 sub 
sequent to transmission of a lock signal by generator 12, 
without an intervening unlock signal. Because of this type ac 
tion, good reliability is assured. - 
Should it be desired to admit a watchman through the night 

door during a time when all the doors are locked, this may be 
accomplished by depression of button 24 at the central sta 
tion, in response to a phone call or some other suitable 
authorization signal. When button 24 is operated generator 14 
is energized to provide a 400 cycle AC night unlock signal to 
the main channel which is detected by receiver 70. As long as 
button 24 is depressed, the output of receiver 70 is at a posi 
tive DC level. The positive DC signal from receiver 70 ener 
gizes relay 84 whereby contacts 85 are closed and the night 
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door is unlocked. Upon release of button 24 the night door is 
relocked. 

Alternatively, means may be provided to automatically 
operate button 24 for a predetermined entry period in 
response to a coded authorization signal sent by the 5 
watchman, to the central station via a conventional telephone 
circuit or by a separate communications circuit. 

lf desired, the central station of the invention can be used to 
control more than one remote stations. Such an arrangement 
is shown schematically in FIG. 4. In the embodiment shown, 
each remote station (which is substantially the same in con 
struction as the remote station shown in FIG. 2) is connected 
to the central station (which is substantially the same in con 
struction as the central station shown in FIG. 1) by a separate 
communication channel 10, 10'. A switch is provided at the 
central station for selection, by the operator, of the remote 
station or stations to be controlled upon a given control cycle. 
It is also within the scope of the invention to provide plural 
remote stations, each of which is responsive to a different set 20 
of control frequencies from the central station. 
The system described is fail-safe in the sense that failure of 

the power supply for the main door power units or failure of 
the control circuitry will result in the opening of contacts 81 
and 85 whereby the doors are locked. Furthermore, the 25 
system is secure in that a night door may be independently un 
locked at each remote station to permit entry of an authorized 
person, in response to a proper signal received at the central 
station from the remote station. Finally, a separate, hidden 
control switch is provided at the remote station which may be 30 
used by authorized persons to unlock the doors, without com 
promising the security of the system. 

While a preferred embodiment has been described in con 
junction with a locking system, the control system of the in 
vention may be used to actuate a variety of other devices at 35 
one or more remote stations. Likewise the use of AC genera 
tors or predetermined output frequency is not mandatory. 
Pulse coded lock and unlock signals generated by suitable 
means could be used as well. 

It is claimed and desired to secure by Letters Patent: 
1. A system for controlling and monitoring from one loca 

tion the state of an electrically energizable device at a remote 
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6 
location comprising 

a pair of signalers with one at said one location and the 
other at said remote location, said other signaler being 
operatively connected to said device and switching auto 
matically to a signal-producing state following placement 
of said device in one state, and returning automatically to 
a nonsignal producing state with placement of said device 
in another state, 

a pair of receivers, each for receiving a signal from a dif 
ferent signaler, with one receiver at said other location 
for receiving a signal from said one signaler, and the other 
receiver at said one location for receiving a signal from 
said other signaler, said one receiver being operatively 
connected to said device for effecting placement thereof 
in its said one state on the receiver receiving a signal from 
said one signaler, 

an indicator at said one location having indicating and 
nonindicating states, and 

interconnecting means at said one location operatively in 
terconnecting said one signaler, said other receiver and 
said indicator effective to place the latter in its said in 
dicating state on reception by said other receiver of a 
signal from said other signaler following transmission to 
said one receiver of a signal from said one signaler. 

2. The system of claim 1 which further comprises a third 
signaler at said one location, and a third receiver at said 
remote location for receiving a signal from said third signaler 
and operatively connected to said device, said third receiver 
on receiving a signal from said third signaler effecting place 
ment of said device in its said other state. 

3. The system of claim 2, wherein said interconnecting 
means is operatively connected to said third signaler and is ef. 
fective to inhibit placement of said indicator in its said indicat 
ing state in a case where transmission of a signal from said 
third signaler occurs subsequent to transmission of a signal 
from said one signaler and prior to reception of a signal by said 
other receiver. 

4. The system of claim 3, wherein said device comprises 
part of a door lock mechanism which further includes a lock 
having locked and unlocked states, and said device when in its 
said one state places said lock in its said locked state. 


