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REMOTE ALARM SYSTEM WITH SCANNING 

BY TONES , 
Theodore Saltzberg, Chicago, and Charles H. Wiilyarrl, 

Wheaten, 111., assignors to Motorola, Inc., Franklin 
Park, 111., a corporation of Illinois 

Filed July 3, 1963, Ser. No. 292,690 
11 Claims. (Cl. 340-226) 

This invention relates to a status reporting system and 
in particular to a system in which the operation of re 
motely located alarms is indicated at a central station. 

It is desirable that a large number of remotely located 
alarms, such as ?re and burglar alarms, be capable of 
being monitored at a central location. This has been 
accomplished by using wire lines to transmit information 
between remotely located alarms and the central station. 
However, when the remote alarms are located at great 
distances from the central station the cost of wire lines 
becomes prohibitive. The use of radio links ‘between the 
remote points and the central station is desirable, but 
has been of little use because a large number of channels 
have been required and the system is subject to false op 
eration because of disturbances present in the atmosphere. 
The use of a radio system for transmission of informa 
tion over short distances has not been practical because 
the cost of the terminal equipment is high compared with 
the cost of wire lines. 

It is therefore an object of this invention to provide 'a 
system whereby the operation of remotely located alarms 
may be monitored from a central station and a single 
transmission channel can be used for a plurality of 
alarms. 
A further object is to provide an alarm system oper 

able over a single transmission channel which can be a 
wire line or a radio link or a combination of these forms 
of paths. ’ ' 

Another object of this invention is to provide a system 
having security against false operation for monitoring 
remotely located alarms. 
A still further object of this invention is to provide a 

system for monitoring remotely located alarms at a cen 
tral station which will indicate the status of the remote 
terminal equipment used to transmit the alarm status. 
Another object of this invention is to provide a sys 

tem for monitoring, at a central station, remotely lo 
cated alarms whereby the remote alarms can be tested 
and reset from the central station. . 
A feature of this invention is the provision of an alarm 

system wherein tone groups comprised of a combination 
of tones are transmitted in a sequence so that the com 
bination of tones in each ‘group is different from that 
of any other group and constitutes 'an address for a par 
ticular combination of alarms at a remote location. 

Another feature of this invention is the use of each 
tone of the combination of tones forming a tone group to, 
indicate the status of a particular alarm at the remote 
location for which the group of tones is an address. 
A further ‘feature of this invention is the provision 

of equipment at remote locations for retransmission of 
the combination of tones forming the group to the central 
station to indicate the status of the alarms at the remote 
location. 
Another feature of this invention is the use of groups 

of tones wherein one or more of the tones retransmitted 
to the central station are shifted in frequency if one or 
more of the alarms at the remote location, to which the 
group has been addressed, is actuated. ' 
Another feature of this invention is the use of the 

duration of transmission of the group of tones to control 
the alarms at the remote location. 
A further feature of this invention is the provision 
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of equipment at the remote location for including an 
extra tone in the group of tones retransmitted to the cen 
tral station to indicate the status of the terminal equip 
ment at the remote location. 
Another feature of this invention is the provision of 

equipment at the remote location for including an extra 
tone in the group of tones retransmitted to the central 
station to indicate a failure at the remote location, such 
as power supply failure. 
The invention is illustrated in the drawings in which: 
FIG. 1 is a block diagram of the system; 
FIG. 2 is a block diagram of the equipment located at 

the central station; 
FIG. 3 is a schematic illustrating the operation of the 

analog AND gates shown in FIG. 2; 
FIG. 4 is a block diagram illustrating the operation of 

the equipment at the remote location; 
FIG. 5 is a time diagram illustrating the sequence of 

operation of the equipment shown in FIG. 4; 
FIG. 6 is a block diagram illustrating the operation of 

the alarm logic network shown in FIG. 4; 
FIG. 7 is a schematic illustrating the ?lter/oscillator 

shown in FIG. 4; 
FIG. 8 is a block diagram illustrating the operation 

of the veri?cation circuit shown in FIG. 2; 
FIG. 9 is a perspective view of the control and display 

console; and 
FIG. 10 is a block diagram showing the operation of 

the control and display console. 
In practicing this invention a system is provided for 

determining the status of alarms at remote locations by 
monitoring the same from a central location by transmit 
ting interrogations to the remote locations in sequence. 
The interrogation can be transmitted to the remote loca 
tions -by wire lines, by radio, or by a combination of 
these methods. The interrogation consists of a group of 
tones of diiferent frequencies, for example three tones, 
transmitted simultaneously. These groups of tones are 
transmitted in sequence by the central station equipment, 
with each group having a dilferent combination of tones 
and corresponding to a different combination of alarms 

' located at remote locations. 

Terminal equipment at the remote locations responds 
only to the group of tones comprising its address. When 
this particular group of tones is received the terminal 
equipment at the remote location responds by retrans 
mitting to the central station the same group of tones, 
if none of the alarms at the remotelocation have been 
actuated. Each of the single tones in the group of tones 
transmitted corresponds to a particular alarm function 
at the remote location to which it is addressed. If the 
alarm function corresponding to a particular tone of the 
address group has been actuated this tone is shifted in 
frequency and the shifted tone is retransmitted as part 
of the tone group in place of the normal tone of that 
group. At the central station the retransmitted tone group 
is examined andv compared with the transmitted tone 
group, to verify the reception of a correct response, and 
the information contained therein is displayed. At the 
end of this sequence of operation another tone group is 
generated and transmitted to another remote location. 
This interrogation procedure is repeated continuously. 

Referring to the drawings, FIG. 1 shows a block dia 
gram of this system. The central station 1 includes a 
programmer 2, a display console 3,, a radio transmitter 
and receiver 5 and an antenna 6. Where the remote 

- alarms are relatively close to the central station, such 

70 

as the group of alarms 7, wire lines would normally be 
used to communicate therebetween. Each of the indi 
vidual alarms is connected to a translator 9 which is 
coupled to the single wire line by means of line cou 

~ plers 10. 
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Where the alarms are vlocated at a considerable dis 
tance ‘from the central station, such [as alarm group 11, 
the information is transmitted by a radio link. A trans 
lator 9 receives the alarm inputs ‘and transmits this in 
formation by means of transmitter ‘and receiver 12 and 
antenna -14. Alarm group .15 is comprised of a number 
of alarms located in close proximity to each other but 
at a considerable distance from the central station. In 
order to economize on ‘terminal equipment these alarms 
are tied together by wire line-s connected to. a single trans 
mitter and receiver .16 -for transmission to the central 
station by ‘a radio link. This combines the cost ad 
vantages of using wire lines for short distances and radio 
transmission for long distances. 

Generation and transmission of a tone group 

FIG. 2 is a block diagram of the central station equip 
ment ‘used in this system. in ‘the system described in 
this example, the groups of tones used as address groups 
are comprised of three tones selected in various combi 
nations Efrom 14 tones. It can be seen however, that 
the system is not limited to this combination of tones. 
The ‘tone oscillator 20 t as oscillator circuits [for gen 

erating 14 ‘separate audio tones. These tones yare desig 
nated A, -B, C, to N. Each of the tones generated by 
tone oscillator 20 is coupled to an AND gate. Fourteen 
‘separate AlND gates, represented by AND gates 25, 26, 
27 and 28, control each of the separate tones from tone 
oscillator 20. The other inputs to AND gates 25, 26, 
'27 and 28 are derived from a 114 place binary counter 29, 
through AND gates ‘30, 31, 32 and 33. In this system 
AND gates 25, 26, 27 and 28 represent ‘14 AND ‘gates 
and AND ‘gates 30, 31, 32 and v‘33 represent 14 AND 
gates. 

Counter 29 is a standard 14 place binary counter, each 
binary place having a register capable of assuming a 0 
or a 1 condition. Each of the binary places is coupled 
to a separate AND gate, represented by AND gates 30, 
31, 32 and 33, so that when .a particular binary register 
is in its 1 condition the AND gate to which it is connected 
receives an enabling signal. When that binary register is 
in its zero condition the AND .gate to which it is con 
nected does not receive an enabling pulse from the counter 
29. The other input to the AND gates '30, 31, 32 and 
33 is received from the output of bistable multivibrator 40. 
There are 28 additional outputs, represented by output 

lines 41, from the '14 place binary counter 29. Each of 
the individual ‘lines represents the output from one binary 
place and would consist of ‘a pair of wires. One wire 
of the pair has an output when the binary register, to 
which it is connected, is in its 1 condition while the other 
wire has an output when the binary register to which it 
is connected is in its 0 condition. ‘Each of the registers 
of the 14 place binary counter is given the letter desig 
nation of tone oscillator which it controls. ‘For example, 
when the binary register controlling tone A is in its 1 
condition it would be given the designation A and when 
it is in its 0 condition it would be given the designation 
K. This designation holds for all the binary registers. 
The line 41 having an output when binary register A is 
in its 1 condition is designated A, while the line 41 having 
an output when binary register A is in its 0 condition is 
designated Kt. The cable designated by the number 4.2 
includes a group of 28 separate lines comprised of At, B,, 
C, through N, and Kt, E, 6, through it. These lines 
are connected to the control :and display console and the 
veri?cation circuit through lines '43, 44 and 45. Lines 
48, 49 ‘and 150 are comprised of only ‘14 of the 28 wires 
in the cable 42. These wires carry the information A,, 
B,, C, through Nt, and are applied \through cable 48 to 
ANALOG AND ‘gate 51 and ANALOG AND gate 52. 
The detailed operation of ANALOG A‘ND gates 51 and 
52 is described in detail in a subsequent portion of this 
speci?cation. 
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4 
As :the binary counter 29 counts through the entire 

sequence of numbers of which it is capable of counting, 
from 00000000000000 to 1111'1‘111‘1111111, information is 
to which registers are in the 0 condition ‘and which are in 
the 1 condition is transmitted over cables 42, 48, 49 and 
50 to ‘the ANALOG AND gates 51 and ‘52. Whenever 
‘the binary number held in :the registers of binary counter 
29 has three or more places containing a 1 the ANALOG 
AND |gate v52 produces 13.11 output which turns on AND 
gate 53. Whenever this binary number has four or more 
places containing a 1 the ANALOG AND gate 5-1 pro 
duces an output which inhibits the ‘AND gate 53. Thus 
AND gate 53 will have an output whenever the 14 place 
binary counter has at least three but less ltl’lall four 1’s in 
its binary register. AND gate ‘53 will produce an out 
put only when there are three 'and only three registers 
of the counter 129 which contain a 1. The three registers 
containing l’s will each ‘send an enabling signal to the 
appropriate AND gates represented by AND gates 30, 
3:1, 32 ‘and 33. 

Fast clock 56 ‘(at the upper ‘left corner of FIG. 2) pro 
duces output pulses at ‘a ‘frequency of approximately 16 
vkilocycles per second. These pulses are coupled to 
counter “29 ‘through AND gate 57. Each pulse causes 
the number contained in counter 29 to increase by one. 
AND ‘gate 57 is enabled by the output from bistable 
multivibrator ‘53, which is normally in state 1. 
AND gate 59 receives ‘an input from AND gate 53, 

and a second input irom the control ‘and display console 
73 over line 60. This signal comes from AND gate 447, 
located in the control and display console, over the 
‘recognized address bus as shown in FIG. 10. The input 
signal on line 60 normally enables AND gate 59 and its 
derivation will be described in a subsequent portion or‘ 
‘this speci?cation. When ‘an enabling signal is received 
by AND gate '59 from AND gate 53, an output signal 
from AND gate v59 is coupled to bistable 'multivibrator 
58 causing multivibrator '58 to assume its second stable 
state. When this occurs ‘the enabling signal from state 
1 of ‘multivibrator 58 is no longer applied to AND gate 
57 ‘and the pulse from ifast clock ‘56 does not reach the 
counter 29. The counter 29 will remain at the number 
which it has stored in its registers until Imultivibrator 58 
returns to its ?rst stable state. 1 

Reviewing the operation of this circuit, counter 29 
counts through a sequence of numbers from 0 to 
11111111111111 at a rate controlled by fast clock 56. 
When 3 and only 3 of the registers of counter 29 contain 
a 1 this is sensed by AND gates 51 and 52. A signal is 
developed which prevents the signal from fast clock 56 
from reaching counter 29 so that the counter will stop at 
this position. The output signals from the three reg 
isters of counter 29 which contain a 1 are used to enable 
3 of the 14 AND gates represented by AND gates 25, 26, 
27 and 28 for selecting three tones from the 14 tone os 
cillator 20. The time during which these enabling pulses 
are applied to the AND gates controlling the tone outputs 
is determined by an input signal to AND gates 30, 31, 
32 and 33 from multivibrator 40. 
When a pulse is applied to multivibrator 58 from AND 

gate 59 the multivibrator is shifted from its number 1 
state to its number 2 state. At this time the output from 
the number 1 state of the multivibrator is removed from 
AND gate 57 causing counter 29 to stop. At the same V 
time multivibrator 58 produces an output signal which is 
applied to ring counter 66 and AND gate 63. This sig 
nal resets ring counter 66 to the zero position to insure 
that the counter will operate through the proper sequence. 
When this signal is applied to AND gate 63, an output 
is produced in the event that inhibiting inputs are not ap 
plied to the remaining two inputs of AND gate 63. The 
output of AND gate 63 is applied to AND gate 64 en 
abling this gate and permitting pulses from slow clock 65 
to be applied to ring counter 66. 
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The pulses applied to ring counter 66 cause this 

counter to step through a sequence of operations from 
one through ten and back to zero. At count one, bi 
stable multivibrator 40 is shifted to its second stable state 
and produces an output signal which is applied to the 
AND gates 30, 31, 32 and 33 enabling these gates. An 
output signal is developed from 3 of the 14 AND gates 
represented by AND gates 30, 31, 32, and 33, which are 
connected to three registers of counter 29 which are in a 
1 condition. These three output signals are applied to 
three of the 14 AND gates represented by AND gates 

- 25, 26, 27, and 28 thus permitting tones from oscillator 
14 to be applied to mixer 76. Since counter 29 will stop 
counting and actuate ring counter 66 when there are 
three and only three 1’s contained in its registers, only 
three tones will be applied to the mixer 76 from tone 
oscillator 20. When the ring counter is stepped to count 
2, bistable multivibrator 39 is shifted to its second stable 
state and produces an output pulse which turns on the 
master tone gate 77 permitting the three tones mixed in 
mixer 76 to be applied to modulator 78. Modulator 78 
modulates a carrier frequency signal produced by trans 
mitter 79. This signal is applied to an antenna 84 for 
transmission to a receiver at a remote location. It should 
be noted that the group of tones developed in mixer 76 
can be applied to a remote location by means of a wire line 
as well as by radio transmission with no changes in the 
basic operation of the system. 
When counter 66 reaches position 5, mutivibrator 39 

is returned to its ?rst stable state turning off the master 
tone gate 77 removing the group of tones from the trans 
mission medium. At count 6 multivibrator 40 is returned 
to its ?rst stable state removing the enabling pulses from 
the 14 AND gates represented by AND gates 31, 32 and 
33 removing the output signals from these gates. The 
three of 14 AND gates represented by AND gates 25, 26, 
27 and 28, which allow the tones to be applied to mixer 
76 are thus disabled. 
At count 6 the central station ceases transmitting the 

tone group to the remote location, and the receiver 80 is 
connected to antenna 84 to receive the reply from the re 
mote location. This reply is ?ltered in ?lters 82 to sep 
arate the tones‘ which are then detected in detector 83 and 
applied to a veri?cation circuit 74. During count 9 
a pulse from counter 66 is applied to veri?cation circuit 
74 and a veri?cation of the returned signal is made. At 
count 10 the results of the veri?cation are applied from 
the verti?cation circuit 74 to the control and display con 
sole 73. The operation of the veri?cation circuit 74 and 
the control and display console 73 will be explained in de 
tail in a subsequent portion of this speci?cation. When 
counter 66 reaches the zero state a pulse is transmitted 
to multivibrator 5S returning it to its ?rst stable state. 
The output of multivibrator 58 then produces the en 
abling pulse which turns on AND gate 57 causing 
counter 29 to resume its count searching for a subsequent 
14 place binary number containing three and only 
three l’s. 

Generation and transmission of a test and/0r reset signal 

The tone group is transmitted for the time period from 
count 2 to count 5, which in the system described is ap 
proximately 50 milliseconds duration. By changing the 
length of the time during which the group of tones is 
transmitted, the alarms located at the remote unit can be 
reset and/ or tested. This is accomplished by controls lo 
cated on the control and display console. If it is desired 
to test or reset the alarms at the remote locations, a sig 
nal is applied from the control and display console to 
bistable multivibrator 72 changing it to its second stable 
state. Multivibrator 72 then produces a signal which is 
applied to AND gate 70. When counter 66 reaches its 
second count, and the tones are applied to modulator 78 
through master tone gate 77 a signal is also applied to 
AND gate 70. With both enabling signals present AND 

15 

6 
gate 70 produces an output signal which enables AND 
gate 71 and inhibits AND gate 63. By inhibiting AND 
gate 63 counter 66 remains in its second count as the out 
put of AND gate 63 is removed from AND gate 64 dis 
abling this gate and preventing the application of pulses 
from slow clock'65 to counter 66. Pulses from slow 
clock 65' are also applied to AND gate 71and when this 
AND gate is enabled by a signal from AND gate 70, _ 
pulses from slow clock 65 are applied to ring counter 68 
which counts for a predetermined time duration. At the 
end of this time duration, a pulse is applied to multi 
vibrator 72 returning it to its ?rst stable state. The out 
put from multivibrator 72 applied to AND gate 70 is re 
moved causing the output signal from AND gate 70 to 
cease. AND gate 71 is thus disabled and AND gate 63 
is enabled causing counter 66 to resume its count. From 
this point the sequence of operation continues as pre 
viously described. Thus a signal of a predetermined time 
duration but longer than the normal time duration, is 
applied to the equipment located at a remote location to 
reset the same. To test the remote equipment, a signal 
longer than the reset signal but of inde?nite duration 

' is used. This is generated by a control on the control 
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and display console 73 which applies a signal over line 
86 to AND gate 69 enabling this AND gate. When 
AND gate 66 reaches count 2 a signal from the output of 
count 2 is applied through AND gate 69 to AND gate 63 
inhibiting this AND gate and blocking the pulses from 
slow clock 65 which are applied to counter 66. Counter 
66 will remain in count 2 position and will continue to 
send out a group of tones until the output from the con-_ 
trol and display console 73 is removed. The effect of 
this signal of longer than normal time duration on the 
receiving equipment will be described in a subsequent por 
tion of this speci?cation. 

Analog and gates, three and only three of fourteen 

FIG. 3 is a schematic showing in detail AND gates 51, 
52 and 53 of FIG. 2. ' 
The operation of the three or more of fourteen AND 

gate 52 and the four or more of fourteen AND gate 51 
is identical and the values of the components used in 
the two circuits can be the same with the exception of 
resistors 106 and 131. The values of these resistors de~ 
termine the number of inputs required for the AND gate 
to develop an output. _ 

Resistors 103A to 103N and 106 constitute a voltage 
divider network which determines the voltage applied to 
the base 110 of transistor 109. Each of the registers 
of the counter 29 are coupled to AND gate 51 and 52 
through isolating diodes 102 and‘104. When a register 
is in its 0 state a zero voltage is applied to the input 
of AND gate 51 and 52 to which it is connected. . When 
a register is in its 1 state a minus voltage is applied to 
that input. Thus the voltage developed on the base 110 
of transistor 109 when register A is the only register in 
the 1 state will be determined by the voltage divider 
comprised of resistors 103A and 106. When two of the 
registers, for example registers A and Bare in the 1 
state the voltage on the base 110 will be determined 
by the voltage divider comprised of resistors 103A and 
103B in parallel, in series with resistor 106. _As the num 
ber of registers which are in the ‘1 'state increases the volt 
age- applied to the base 110 will decrease in steps. The 
emitter 112 of transistor 109 is biased at a constant volt 
age by means of resistor 114 and zener diode 115 con 
nected between a negative supply voltage and ground. 
By proper selection of the bias voltage applied to the 
emitter electrode 112 and the value of resistor 106 transis 
tor 109 can be biased to conduction when a predeter 
mined number of registers of the counter 29 are in the 1 
state. The resistors 106 and 114 and the value of zener 
diode 115 have been chosen so that the transistor 109 
of AND gate 51 will conduct when four or more of the 
registers of counter 29 are in the 1 state. AND gate 52 
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is similar in construction to AND gate 51. Resistors 
105A to 105N have the same purpose as resistors 103A 
to 103N and can have the same value. Resistor 138 
and zener diode 139 connected between a negative sup 
ply voltage and ground furnish a bias potential for the 
emitter 135 of transistor 132. Resistor 131 is chosen 
so the bias voltage applied to the base 133 of transistor 
132 will be su?icient to bias the transistor to conduction 
when three or more of the inputs to the AND gate 51 
have minus voltages applied, that is when three or more 
of the registers of counter 29 are in the 1 state. 
“hen the transistors 109 and 132 are not conducting 

the output of AND gates 51 and 52 are a minus voltage 
equal to the supply voltage. When these transistors con 
duct, resistors 113 and 137 cause the output voltage of 
AND gates 51 and 52 to rise due to the voltage drop 
across the resistors. The output of AND gate 52 with all 
of the registers of counter 29 in the 0 state in a minus 
voltage and is applied through diode 142 and the net 
work comprised of resistors 143 and 145 and capacitor 
144 to the base 147 of transistor 146. Resistors 143 and 
145 from a voltage divider network to divide down the 
voltage from AND gates 51 and 52 applied to transistor 
146. A bias potential is supplied to the emitter from a 
supply 157 to provide for temperature stabilization of 
the circuit. The minus voltage applied to the base 147 
from AND gate 52 is sufficient to cause transistor 146 
to conduct. When transistor 146 conducts the voltage 
at terminal 154 is higher than the supply voltage because 
of the drop through resistor 150. The output of AND 
gate 51 is applied to the base 123 of transistor 122 
through a network comprised of resistors 119 and 120 
and capacitor 118. A bias supply for the emitter 125 
of transistor 122 is supplied through resistor 127 and 
zener diode 128 connected between a negative supply 
voltage and ground. When transistor 109 is biased off 
transistor 122 is biased to conduction. With transistor 
122 conducting the voltage at the collector 124 is higher 
than the supply voltage because of the voltage drop 
through resistor 126. This output voltage is applied to 
transistor 146 through diode 141. Since the voltage 
applied from AND gate 52 is less than the voltage applied 
from the collector 124 of transistor 122, diode 141 is 
biased so that it is nonconducting. 
When three of the registers of counter 29 are in the 1 

state transistor 132 is biased so that it will conduct and 
the voltage at the collector 134 rises due to the voltage 
drop through resistor 137. This voltage applied to the 
base of transistor 146 is no longer su?icient to bias this 
transistor to conduction so that the transistor is cut off 
and the voltage appearing at the collector 148 and ter 
minal 154 decreases. 
When four of the registers of counter 29 are in the 1 

state transistor 109 of AND gate 51 conducts causing 
the voltage appearing at collector 111 to rise. The volt 
age applied from collector 111 to the base 123 of transis 
tor 122 is no longer su?icient to bias this transistor to 
conduction so that the voltage at the collector 124 de 
creases. This decrease in voltage is applied through diode 
141 to the base 147 of transistor 146 where it biases 
transistor 146 to conduction. With transistor 146 again 
conducting the voltage appearing at the collector 148 and 
terminal 154 rises. Thus the output voltage at terminal 
154 will be equal to the supply voltage when three and 
only three of the registers of counter 29 are in the 1 state. 
This negative voltage is the output signal developed by 
AND gate 53 of FIG. 2 and applied to AND gate 59. 

Operation of the remote terminal equipment 

FIG. 4 shows a block diagram illustrating the 
operation of the terminal equipment at the remote loca 
tion. In the system described in this example the ter 
minal equipment is capable of receiving alarm inputs 
from 12 separate alarms consisting of four groups of three 
alarms each. The equipment is responsive to four sep 
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arate tone signals from the central station. It can be 
seen that the combination of four tones taken three at a 
time will produce four separate tone groups with each tone 
group having three tones. Each of the four tone groups 
is associated with a separate group of alarms and each tone 
of the tone group is associated with a separate alarm in 
the alarm group. The number of tones in the group is 
a design feature and is not limited to three as described 
in this example. 
The signal from the central station transmitter is picked 

up on antenna 200 and applied to receiver 202 where it 
is demodulated. It should be noted that the signal from 
the central station could be applied to the remote ter 
minal equipment by wire line without the use of radio 
transmission and without any basic difference in the op 
eration. In the example illustrated, the remote equip 
ment is coded to receive four tones which will be desig 
nated tone A, tone B, tone C, and tone D. The code 
groups associated with these tones are ABC, ABD, ACD 
and BCD. The tones received are applied to the ?lter~ 
oscillators 204, 205, 206 and 207. If the tone is of the 
proper frequency for the ?lter-oscillator to which it is 
applied, it will produce an output which is detected in one 
of the tone detectors 210, 211, 212 and 213. The opera 
tion of the ?lter-oscillators will be described in a subse 
quent portion of this speci?cation. The output of the tone 
detectors are applied to address decoders 215, 21.6, 217, 
and 218 which are THREE INPUT AND gates which 
also have an inhibiting input. The address decoders will 
produce an output only when the three tones associated 
with its address are present, and there is no inhibiting 
pulse present. For example, if the group received was 
comprised of tones ABC, address decoder 215 would pro 
duce an output provided there was no inhibiting pulse 
present at this AND gate. The output of this gate is ap 
plied to bistable multivibrator 220 and causes this multi 
vibrator to change to its second stable state. The output 
of the address decoder 215 is also applied to an OR de 
coder 224. Decoder 224 produces an output when any 
one of the address groups associated with this equipment 
are received. 
The output from the decoder 224 is applied to the 

monostable multivibrators 226, 227 and 228. Mono~ 
stable multivibrator 226 is triggered to its unstable state 
where it will remain for 30 milliseconds before returning 
to its stable state. During the time that the monostable 
multivibrator 226 is in its unstable state, it applies an 
inhibiting signal to the 80 millisecond monostable multi 
vibrator 227. By disabling the 80 millisecond timer for 
a period of 30 milliseconds, the system is protected against 
transients and disturbances which may be present and 
which are normally of a very short duration. Thus the 
signal received must contain tones of the proper frequency 
and must last for a predetermined time duration, in this 
example 30 milliseconds, before the system will recog 
nize the tones as a proper address. The 80 millisecond 
timer 227 and the 100 millisecond timer 228 are not shifted 
to their unstable state until the signal applied to them by 
the decoder 224 ceases. The timing of the monostable 
multivibrators 226, 227, and 228 and the output of the 
decoder is shown in FIG. 5. 
The output of the 100 millisecond monostable multi 

vibrator 228 is applied to the address decoders 215, 216, 
217 and 218 to inhibit these decoders so that no code 
groups will be detected by them for 100 milliseconds after 
reception of the original tone group has terminated in 
order to prevent false operation of the terminal equip 
ment. The output of the 80 millisecond timer is applied 
to various portions of the circuit in order to initiate a 
reply to the interrogation as to the status of the group of 
alarms associated with code group ABC. One of the 
portions of the circuit to which the output of the 80 milli 
second timer 227 is applied is the alarm logic network 
242 which is shown in detail in FIG. 6. 
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Alarm logic network 

Referring to FIG. 6, the 12 alarm inputs are shown 
numbered from 1 to 12 and are coupledpto a series of 
bistable multivibrators which are normally set in their 
number 1 state. The alarms associated with code group 
ABC are alarms numbered 1, 2 and 3 in which alarm num~ 
her 1 is associated with tone A, alann number 2 is asso 
ciated with tone B, and alarm number 3 is associated with 
tone C. Another example would be the alarms asso 
ciated with the code group ACD, which comprise alarms. 
7, 8, and 9 in which alarm 7 is associated with tone _A, 
alarm 8 is associated with tone C and alarm 9 is associated 
with tone D. It can be seen that-each of the tones will 
have associated with it three separate alarms in di?erent 
alarm groups, the alarm interrogated being determined by 
the code group of three tones which is received. 

If the alarm associated with input 2 is actuated, bistable 
multivibrator 325 will be triggered to assume its second 
stable state and the output will be applied to OR gate 
309. The output of the OR gate 309 is applied to an 
AND gate 293. An additional input to AND gate 293 
is the output of the address bistable 220 of FIG. 4 which 
is triggered when the ABC address is received. Thus only 
the AND gates associated with the address received can 
be enabled, and if this were not done an error might arise. 
For example, if alarm 5 was actuated and alarm 2 was 
not actuated, and if the output of alarm 5 were allowed 
to trigger the B tone shift when the ABC alarms were 
being interrogated, the central station equipment would 
indicate an alarm actuation of alarm 2 which would not 
be correct. This is prevented by allowing the AND gates 
292, 293 and 294 to be actuated only when tone group 
ABC associated with alarms 1, 2, and 3 is received. 
The third input to AND- gate 293 is the output of the 

80 millisecond multivibrator 227 of FIGURE 4 which 
enables the AND gate at the proper time in the sequence 
of operation. The output of AND gate 293 is coupled 
to the tone B ?lter oscillator 205 of FIGURE 4 through 
the shift tone B OR gate 278. This informs the ?lter 
oscillator 205 of FIGURE 4 that alarm 2 designated by 
tone B of the received code group consisting of tones A, 
B and C, has been actuated and that the tone B should 
be shifted in frequency. Since alarms 1 and 3 have not . 
been actuated there is no output to ?lter oscillators 204 
and 206 of FIGURE 4 indicating that the tones gener 
ated by these oscillators should be shifted. 

(Remote terminal equipment——cont.) 
Referring again to FIGURE 4, the output of the 80 

millisecond timer 227 also enables the key oscillator ' 
AND gates 243, 244, 245 and 246. Since it is desired 
to transmit only the tones A, B, and C, in this example, 
an inhibting pulse is received by the key oscillator D 
AND gate 243 from the output of a bistable multivibrator 
220 which in its number 2 state represents an input code 
group ABC. The outputs of key oscillator AND gates 
244, 245 and 246 key the oscillators A, B, and C for the 
duration of the output of the 80 millisecond timer 227. 
The output of these oscillators are combined and applied 
to the transmitter 201 and transmitted to the central sta 
tion either by radio or by wire line. In this case tone B 
associated with alarm input 2, which has been actuated, 
would be shifted in frequency to indicate to the central 
station that this valarm has been actuated. 

In addition to the three tones comprising the code 
group, the system uses a fourth tone to indicate the con 
dition of the terminal equipment associated with the 
alarms to which the three tone code group is addressed. 
This fourth tone is the same for any code group and in 
this example consists of a 240 cycle tone generated by 
240 cycle generator 255. This tone is called the X func 
tion and the input generated by the monitoring devices 
vlocated at the equipment'associated with code group ABC 
is designated X1. The X function inputs from the monitor 
ing devices located at the equipment associated with code 

_ example, at the power supply to the alarm equipment as- ' 
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groups ABD, ACD, and BCD are designated X2, X3, 
and X4 respectively. Monitoring equipment located, for 

sociated with code group ABC will produce an output 
signal X1 which is coupled to AND gate 49 if the power 
supply to this alarm equipment fails. This AND gate is 
enabled by the output from the multivibrator 220, and 
the output from the 80 millisecond timer. If there is a 
malfunction on the circuit being monitored, an input will ‘ 
be received from the terminal designated X1 enabling 
AND gate 249. The output of AND gate 249 is applied 
through OR gate 254 to AND gate 256 inhibiting the 
output of this gate. When there is no output from this 
gate the 240 cycle signal will not be present in the return 
signal from the remote location and this fact will be indi 
cated at the central station. 
The 80 millisecond timer pulse also turns on the trans 

mitter at the beginning of the pulse in order to transmit 
only when the system is being interrogated. At the cessa 
tion of the 80 millisecond pulse, a bistable reset pulse is 
applied to the bistable multivibrators 220, 221, 222 and 
223 resetting these multivibrators to their number one 
state. 

As previously described, a tone signal from the central 
station of longer duration than normal can be used to 
test and/ or reset the alarms at the remote location. The 
output of the decoder 224 is coupled to 200 millisecond 
time delay 229 and 500 millisecond time delay 230. The 
output of the 200 millisecond time delay is coupled to 
reset AND gates 232, 233, 234 and 235. Other inputs 
of the reset AND gates ‘232, 233, 234 and 235 are the 
outputs of the address bistable multivibrators 220 through 
223 and the output of the decoder. The outputs of these 
AND gates are coupled to bistable multivibrators 313 
through 326 of FIGURE 6. If a signal is still present 
after a 200 millisecond time duration, the output of the 
200 millisecond time delay circuit will apply an enabling 
pulse to the reset AND gates 232 through 235, and the 
AND gate enabled by the particular address decoder 
which is in its number two stable state will produce an 
output which is applied to the alarmv logic network. In 
the example of code group ABC, the alarm reset would 

- be applied through reset AND gate 235 to set the alarm 

60 

storage bistables 323, 325 and 326 of FIG. 6 to their 
number 1 state. 

Also shown in FIG. 4 are four test AND gates 237, 
233, 239 and 240. These are actuated by the outputs 
of the address bistable multivibrators 220 through 223 
and the output of the 500 millisecond time delay 230. 
If the tone signal is still being transmitted 500 millisec 
onds after it has ?rst been received at the remote loca 
tion, the appropriate test AND gate connected with the 
particular code group being transmitted will be actuated. 
The outputs of ~these test AND gates can be used to 

- .operate standard test equipment located at the remote 
location. 

FIG. 7 illustrates the operationvof the ?lter-oscillator 
circuits shown as block diagrams 204, 205, 206 and 207 
of FIG. 4. This circuit is capable of operating either 
as an oscillator or as a tuned ampli?er. When operating I 
as an oscillator the frequency can be shifted by the appli 
cation of an output signal from the shift tone OR gates 
of 276, 277, 278 and 279 of FIG. 6. 
When operating as a ?lter or tuned ampli?er an audio 

input voltage is applied to terminal 351 and is developed 
across input resistor 352. The circuit comprised of capac 
itor 353 and inductance 354 forms the ?rst section of 
a series tuned networth, and is tuned to the desired fre 
quency. Capacitor 355 terminates the ?rst tuned section 
for optimum frequency response and capacitor 356 couples 
the signal to a second series tuned section comprised of 
capacitors 357, 360,- 362 and 365 and inductance 358. 
This section is tuned to the same frequency as the ?rst 
tuned section. 1 

The output of the second tuned stage is coupled to the 
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base 380 of transistor 379. The bias on the base is de 
termined by resistors 373, 374, 378 and 386 connected 
between a source of negative potential and ground. Ca 
pacitor 372 is a bypass capacitor used to decouple the 
stage from the power supply. Diode 377 is a diode 
having temperature characteristics opposite to that of 
transistor 379 in order to compensate for the changes 
of transistor 100 with temperature. Resistors 335 and 
386 are used to stabilize the bias of transistor 379 and 
resistor 385 also provides degeneration for the ampli?er 
stage. Capacitor 369 furnishes an alternating current 
bypass for resistor 386. Capacitor 368 provides a‘ feed 
back path from the emitter 384 of transistor 379 through 
resistor 385 to the base 380 of‘ transistor 379. The output 
of the emitter follower, transistor 379, appears on ter 
minal 382. 
When the ?lter-oscillator operates as a ?lter, transistor 

387 is inoperative as it is biased so that it is non-‘conduct 
ing by a ground potential applied from a key oscillator 
AND gate represented by blocks 243, 244, 245 and 246 
of FIG. 4. This biases diode 43 so that it will conduct 
and the resulting voltage drop across resistor 392 causes 
the voltage at the base 391 of transistor 387 to rise to a 
point near ground potential. The potential of emitter 
390 is less than the potential on the base 391 because of 
the voltage drop through resistor 386. 

Summarizing as to the ?lter operation, the input volt 
age from terminal 351 is ?ltered by the two tuned circuits 
and applied to the base of transistor 379. The input sig 
nal is ampli?ed in this transistor and is applied from the 
emitter 384 thereof to the ampli?er output terminal 382. 
From this point it is coupled to one of the tone detectors 
represented by blocks 210, 211, 212 and 213 of FIG. 4. - 
There is a small output signal present at the oscillator out 
put terminal 364, but this output is very low and is applied 
to a transmitter which is turned off and therefore it is not 
transmitted. The output of the emitter follower transistor 
379, is in phase with the input and this output is coupled 
from the emitter 384 to the base 380. However, the gain 
of this feedback loop is not su?icient to establish transistor 
379 as an oscillator because of the degeneration caused 
by resistor 385. 

In order to change the operating condition of the ?lter 
oscillator circuit to that of an oscillator, a negative po 
tential from the key oscillator AND gate associated with 
this ?lter-oscillator is applied to terminal 376. This 
biases diode 393 so that it is non-conducting and reduces 
the voltage drop across resistor 392 so that the voltage 
appearing at the base 391 of transistor 387 will decrease. 
This biases transistor 387 to conduction and the alternat 
ing current impedance from the collector to emitter elec 
trodes of transistor 387 becomes low. The low impedance 
alternating current path from the collector 389 to the 
emitter 390 bypasses resistor 385 and eliminates the ef 
fects of its degeneration from the feedback path. 
Two criteria are necessary for transistor 379 to oscillate. 

The gain of the transistor stage multiplied by the gain 
of the ‘feedback path must be equal to or greater than 
one and the signal applied to the base 380 must have the 
proper phase. With the effect of the degeneration of re 
sistor 385 removed the gain of the feedback path is in 
creased so that the ?rst critetion is met. If the signal 
applied to the base 38%) from the emitter 384 is of the 
same frequency as that to which the series resonant cir 
cuit, comprised of capacitors 357, 360, 362, 365 and in 
ductance 358 is tuned, the signal will have the proper 
phase. The series resonant circuit will appear to be re 
sistive at resonance and therefore there will be no phase 
shift through capacitor 368. As the signal at the emitter 
384 has the proper phase angle for oscillation the second 
criterion is met and the transistor 379 will oscillate at 
the resonant frequency of the series circuit comprised of 
inductor 358 and capacitors 357, 360, 362 and 365. 

If the frequency of the signal applied to base 380 from 
emitter 384 is different from the resonant frequency of 
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the series resonant circuit this circuit will appear reac 
tive and the signal will undergo a phase shift. Thus the 
second criterion will not be met and transistor 379 will 
not oscillate. 

Diode 367 is normally biased so that it is non-conduct 
ing by a negative voltage applied to terminal 363. When 
it is desired to shift the frequency to indicate that an 
alarm has been actuated, a positive voltage is applied to 
terminal 363 ‘biasing diode 367 so that it is conducting. 
This effectively bypasses capacitors 360 and 362 removing 
them from the tuned circuit thus changing the resonant 
frequency of the series tuned circuit and the frequency of 
the oscillators to a slight degree. The output of the os 

' cillator is taken ‘from the junction of capacitors 360 and 
362 to provide a relatively constant output level with 
changes in frequency. The oscillator frequency is also 
coupled out through terminal 351 to the preceding stage. 
However, this stage is the output of an ampli?er and the 
signal is rapidly attenuated at this point. A strong os 
cillator signal is also coupled to terminal 382 and from 
there to the tone detectors represented by blocks 2'10, 
211, 212, 213 of FIGURE 4 and to the address decoders 
represented blocks 215, 216, 217 and 218. However, 
when the ?lter oscillator is in its oscillating condition, 
an inhibiting pulse is applied to the address decoders 
from the 100 millisecond timer which prevents the os 
cillator output from being applied to other parts of the 
circuit. 
Thus the ampli?er oscillator circuit described in FIG. 7 

can act as a tuned ampli?er responsive to a single audio 
tone, or it can be made to act as an oscillator capable 
of generating the same tone or a tone shifted in frequency. 

Receiving the retransmitted tone group at the central 
station 

Referring again to FIG. 2, the signal transmitted by 
the remote station is received by antenna 84 and receiver 
80, and the tones are separated and detected in ?lters 
82 and detectors 83. The signal could also be transmitted 
by wire line to the central station. In the example be 
ing discussed, the code group transmitted back would 
consist of code group ABC with tone B shifted. The 
shifted tone B is designated as BS while the normal tones 
are designated as Ar and (3,. The outputs from the de 
tectors are coupled to the veri?cation circuit 74 over 
cable 85 ‘while the X function is coupled directly to the 
control and dis-play console 73. Cable 85 consists of 28 
separate lines each line associated with a separate detec 
tor output, that is Ar, Br . . . Nr and A5, B5 . . . N5. 

Operation of veri?cation circuit 
The operation of the veri?cation circuit is shown in 

FIG. 8. Each of the tones which can be transmitted has 
a separate stage for veri?cation of the .presence or ab 
sence of that tone. Each of these stages is identical in 
operation and in FIG. 8, only three of the stages are 
shown. The stage for verify-ing tone A is designated as 
400, the stage for verifying tone B as 401, and the stage 
for verifying tone N as 402. There are three groups of 
inputs to the veri?cation circuit. The ?rst group of inputs 
consist of 28 individual lines designated as lines 41, 42, 
43 and 44 coupling the 14 place binary counter 29 to the 
veri?cation circuit 74 in FIGURE 2. These 28 lines are 
comprised of 14 pairs, each pair of lines associated with 
a tone. One of the pairs of lines is energized when a 
tone is selected to be transmitted, the other of the pair 
of lines is energized when a tone is not selected to be 
transmitted. Thus one and only one line of each pair of 
lines is energized at a time. A line 'which is energized 
when a tone is to ‘be transmitted is designated ‘by the let 
ter of the tone followed by a small subscript t for ex 
ample At. The line which is energized when the tone 
has not been transmitted is designated, for example, by an 
Kt. In FIG. 8 these lines are shown for only three of the 
inputs A, B and N. 
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The second group of inputs is comprised of the re 

ceived tones. These also consist of 14 pairs of inputs. 
One pair being associated with each tone. One of the 
pair of wires is energized if the tone is at the same fre 
quency which was ‘transmitted, while the. other line is ’ 
energized if the tone is shifted in frequency indicating an 
alarm has been actuated. A received tone which is un 
shifted is designated by capital letter followedby a sub 
script r for example Ar while a tone which has been 
shifted in frequency will be designated by a subscript s 
for example A5. The third input is applied only to the 
initial veri?cation circuit 400 and is a constant error 
generator input. ' 

In the example given the tones received from the remote 
location would consist ‘of Ar, BS, and CT. The transmitted 
tones would consist of At, Bt, and Ct. Thus lines Ar, BS, 
and C, would be energized. Also lines At, Bt, Ct and 
Dz through Nb would be energized. The OR gate 404 
will provide an output if either the Ar or the As input line 
is energized. This output, which in the example. given 
will the the Ar line, is applied to AND gate 405 and in 
verter 412. Inverter 412 changes the input signal from 
the OR gate 404 so that if a signal is applied to AND gate 
405 from OR gate 404 no signal is applied to AND gate 
406 from OR gate 404. The no error generator 407 also 
applies a signal input to AND gates 405 and 406. This 
is used to keep the circuitry of the veri?cation circuits the 
same throughout the system. The Kt signal is applied 
to AND gate 406 and the At signal is applied to AND 
gate 405. For a veri?ed response it is desired to have 
an output from either AND gate 406 or 405 but not both 
at the same time. In order to achieve an output from 
AND gate 405 it is necessary that tone A has been 
selected and that either A1. ‘or A5 :be received, plus an 
input signal from the no error generator 407. In order 
to obtain an output from AND gate 406 it is necessary 
that no At or A5 signal has been received and that the A 
tone has not been selected, as well as receiving a signal 
from the no error generator 407. Since these two events 
are mutually exclusive a correct response will produce an 
output signal from AND gate 405 if tone A has been 
selected and an output signal from AND gate 406 if 
.tone'A has not been selected. The output signals from 

. AND gate-s 406 and'405 are applied to inverters 408 and 
409 and from there to AND gate 410. Because of the 
inverter 412 it is impossible to have an input from OR 
gate 404 applied to AND gates 405 and 406 simultaneous 
ly. Therefore, it will be impossible for both of these gates 
to have an output at the same ‘time. This will prevent a 
veri?cation signal from being generated if a signal has 
been received which has not been selected. If a signal is 
selected but not received there will be no output from 
either AND gate 405 ‘or 406 and thus AND gate 410 
will have inputs applied to it from inverter-s ‘408 and 409 
and will generate an output signal. This output signal 
is inverted in inverter'411 and applied to AND gates 415 
and 416 of the subsequent stage 401. Thus the veri?ca 
tion circuit 400 becomes the equivalent to the no-error 
generator 407 for the veri?cation circuit 401. It can be 
sen that if the no error generator 407 were not to apply a 
signal input to AND gates 405’ and 406 there would the 
no output from inverter 411 thus indicating an error to 
veri?cation circuit 401. Once an error has been estab 
lished in any veri?cation circuit the following circuit-s will 
always have an error {for an output. 
The output from veri?cation circuit 402, the end cir 

cuit in the chain, is applied to AND gate 418 to inhibit 
this gate. It is also applied to ibista'ble multiv-i-ra‘tor 419. 
It should the noted that the output of veri?cation circuit 
402 is not inverted as the output of the other veri?cation 
circuits. Therefore, if an error has been developed there 
will be an output signal from veri?cation circuit 402, 
AND gate 418 will be inhibited and bistable multi 
vibrator 419 will be shifted to position 2. If there has 
been no error detected in the veri?cation circuit, AND 
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gate 418 will not :be inhibited and the signal from the 
ring counter 66 of FIGURE 2, applied at the ninth count, 
will establish bistable multivibrator 419 in its ?rst stable 
state. 

The outputs from bistable multivibrator 419 are applied 
to AND gates 420 and 421 as is the output [from count 
10 of ‘ring counter 66 of FIGURE 2. If the bistable 
multivibrator is in its ?rst stable state the count 10 from 
ring counter ‘66 will develop an output from AND gate 
420 which is the veri?cation output. If multivibrator 419 
is in its second stable state count 10 from ring counter 
66 will establish an output from AND gate 421 which is 
the not veri?ed state indication. The veri?cation signal 
(from AND gate 420 and the not veri?ed signal from AND 
gate 421 are applied to AND gates 448 and 449 respective 
ly ‘over lines 440 and 441 as shown in FIG. 10. 

Control and display console 

Referring again ‘to FIG. 2, the outputs of the veri?ca 
tion circuit are applied to the control and display console 
which is illustrated in FIGS. 9 and 10. ' 
The control and display console consists of a cabinet 

containing a plurality ‘of panels 502, each panel corre 
sponding to a separate tone group. ‘Panel 503 shows in 
detail the elements contained on each of the panels. 
Lamps 506, 508 and ‘510 ‘are the alarms corresponding .to 
the tones of that tone group. In the example illustrated 
where panel 503 represents tone group ABC, lamp 506 
would represent tone A and therefore alarm number 1,‘ 
lamp 508 would represent tone B and therefore alarm 
number 2, and lamp 510 wouldv ‘represent tone C and 
therefore alarm number 3. Switches ‘505, 507 and 509 
are reset switches. Lamp 504 is a master lamp which 
will be illuminated 'whenever ‘any of the alarms associated 
with this particular panel are actuated. Lam-p 512 indi 
cates the actuation of the X function. Switch 51-1 is a 
three position switch. The normal operating position is 
the center position. Moving the switch to the right or 
left enables the remote set of alarms associated with this 
panel to be tested and/or reset. Lamp 500 is a main 
alarm lamp and lamp 501 is a secondary alarm lamp. 
FIG. 10 is a ‘block diagram of the panel shown in 

FIG. 9. The inputs to the panel are as follows: i ' 
(a) Veri?ed signal (v) on line 440 from AND gate 

420 of FIG. 8 
(b) Not veri?ed signal (E) on line 441 from AND 

gate 421 of FIG. 8 
(c) Tones transmitted on lines 443 (in this example 

three tones would be At, Bt, and Ct) 
(d) X function on line 444 
(e) Received signal shifted on lines 461, 462, and 463. 

(A5, B5, Cs)- ' 
The At, B; and Ct inputs are applied to AND gate 447 

and generate a recognized address signal which is applied 
to the recognized address bus. This bus is connected to 
AND gate 59 of FIGURE 2. The recognized address 
signal is also applied to AND gates 448 and 449. AND 
gate 449 recognizes the E signal and if there is an input on 
line 441 bistable multivibrator 450 is shifted to its sec 
ond stable state. The output from state two of this multi 
vibrator causes lamp 452 to be illuminated and actuates 
audible alarm 453 through OR gate 454. The recognized 
veri?cation signal is applied on line 440 to AND gate 
448. The output from AND gate 448 will shift bistable 

' multivibrator 450 to its ?rst stable state and also apply 
a signal to the tone A AND gate 455, tone B AND gate 
456 and the tone C AND gate 457. The output of 
AND gate 448 is also applied to AND gates 464 and 
465. The X function is applied to the X inverter 468 
from line 444. If a signal is present on 444 an X output 
is applied to AND gate 464. If no signal is present on 
line 444 an X is generated and applied to AND gate 465. 
When AND gates 464 and 465 are enabled by a signal 
from AND gate 448 an X output from X inverter 468 will 
cause bistable multivibrator 469 to assume its second 
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stable state causing lamp 478 to be illuminated and caus 
ing alarm 453 to be actuated through OR gate 454. A 
signal present on line 444 will cause a signal applied to 
AND gate 464 to reset bistable multivibrator 469 to its 
?rst stable state. It can be seen that the alarm signal 
453 indicates that there has been a malfunction of the 
equipment but does not indicate that the alarm has been 
actuated at the remote location. This is the secondary 
alarm 500 of FIG. 9. 

Lines 461, 462 and 463 are connected to the received 
signal shifted buses of their respective tones and if a 
shifted signal is received, AND gates 455, 456, and 457 
will generate an output signal. In this example tone B 
has been shifted in frequency and therefore tone B AND 
gate 456 will have an output signal which is applied to 
bistable multivibrator 471. This will cause multivibrator 
471 to assume its second stable state. Since there are no 
As or C5 signals received, bistable multivibrators 472 
and 473 will remain in their ?rst stable state. The out 
put of state 2 of multivibrator 471 will cause lamp 476 
to be illuminated and will also cause lamp 479 to be 
illuminated through OR gate 478. The main alarm 481, 
581 of FIG. 9, will be actuated through OR gate 478. 
Lamp 479 serves as a secondary lamp for lamps 475, 476 
and 477 so that if one of these lamps should burn out 
there will still be a visual indication showing which alarm 
group has been actuated. Lamps 475, 476, 477 and 479 
correspond to lamps 506, 508, 510 and 584 of FIG. 9 
respectively. It should be noted that the main alarm 481 
and the lamps 475, 476, 477 and 479 indicate that an 
alarm at the remote location has been actuated. Switches 
494, 495 and 496 apply a signal from. the reset input 483 
to bistable multivibrators 471, 472 and 473 to reset these 
multivibrators. 

Located on the group panel are reset and test switches 
485 and 486 which are mechanically connected. When 
the switch is moved so that arm 485 is connected to ter 
minal 482 and switch arm 486 is connected to terminal 
490 the switch is in the test position. When switch arm 
485 is connected to terminal 488 and switch arm 486 is 
connected to terminal 491 the switch is in the normal 
operate‘ position. When switch arm 485 is connected to 
terminal 489 and switch arm 486 is connected to terminal 
492 the switch is in the reset position. With the switch 
in the normal operate position, a signal appearing on , 
either the test bus or on the reset bus will be applied 
through OR gate 484 to the AND gate 447 and inhibit this 
AND gate, thus no recognized ‘address signal will be 
generated. If this signal is not generated AND gate 59 
of FIG. 2 will not be enabled and the counter 29 of . 
FIG. 2 will not stop even though it has reached a num 
her having three and only three ones in its registers. The 
reset bus or the test bus is energized through switch arm 
486 connected to either terminal 490 or 492. The signal 
thus placed on the test bus or the reset bus from input 
generator 487 through switch arm 486 will not- inhibit 
the AND gate 447 of the display group with which it is 
associated as the movement of switch arm 486 to the test 
or reset position disconnects the inhibit input from AND 
gate 447 through switch 485. The output of the test bus 
is applied through line 86 to AND gate 69 of FIGURE 2 
while the output of the reset bus is applied through line 
87 to establish bistable multivibrator 72 of FIGURE 2 
in its second stable state as previously described. 
The ability to select the desired code group and thus 

the desired set of alarms by means of the reset and test 
switch on the control panel can be utilized to select any 
particular remote receiver for normal interrogation out 
of its normal sequence. This is done by selecting the 
desired code group by placing the reset test switch in 
either the reset or test position. As previously described 
this will select the appropriate code group but at the same 
time it will also increase the duration of the transmitted 
tone group which the receiver will interpret to mean a 
test or reset request, This can be prevented by opening 
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switch 75 of FIG. 2 prior to selecting the desired tone 
group. Opening switch 75 prevents the output from ring 
counter 66 from reaching AND gates 69 and 70. The 
outputs of these AND gates inhibit AND gate 63 causing 
the tone transmission time to be increased beyond its 
normal period. By preventing the output of the second 
count of the ring counter 66 from reaching AND gates 
69 and 70, the AND gates will have no output and the 
ring counter will run through its normal cycle of opera 
tion, interrogating the selected receiver repeatedly until 
the reset and test switch is placed in its normal position. 
The system described will sequentially interrogate re 

mote alarms from a central station. The status of the 
remote alarms and the remote equipment will be trans 
mitted to the central station where it will be displayed. 
The remote equipment can be controlled from the central 
station and any desired station can be interrogated as 
desired. Transmission security is accomplished by the 
use of combinations of tones. The transmitting medium 
can be radio, wire lines or a combination of both. 
We claim: 
1. A system for indicating at a central location the 

condition of any one of a plurality of remotely located 
devices including in combination, oscillator means for 
producing a plurality of separate tones, code means con 
nected to said oscillator means for selecting groups of 
tones from said plurality of tones, each of said groups 
including a different combination of tones and less than 
the total number of said plurality of tones, means con 
nected to said code means for transmitting said tone 
groups in sequence with said tones included in each 
tone group being transmitted simultaneously, terminal 
means for receiving said tone groups and for retrans 
mitting the same including selective means responsive to 
at least one of said tone groups, a plurality of trans 
lator means coupled to each selective means and in 
dividually coupled to the remote devices, each of said 
translator means being responsive to one tone of one 
of said groups to which said selective means respond 
and to the condition of the remote device to which 
said translator means is coupled to generate a reply signal, 
said selective means being responsive to said reply sig 
nal to generate a reply tone, the frequency of which is 
dependent upon the condition of the remote device cou 
pled to said translator means, means coupled to said 
selective means for combining said reply tones and 
simultaneously retransmitting the same to the central lo 
cation, means at the central location for receiving the re~ 
transmitted reply tones, and display means for displaying 
the condition of the remote devices. 

2. A system for indicating at a central location the 
condition of any one of a plurality of remotely located 
devices including in combination, oscillator means for 
producing a plurality of separate tones, code means 
connected to said oscillator means for selecting groups 
of tones from said plurality of tones, each of said groups 
including a different combination of tones and less than 
the total number of said plurality of tones, means con 
nected to said code means for transmitting said tone groups 
in sequence, a plurality of terminal means for receiving 
said tone groups and for retransmitting the same includ 
ing selective means responsive to at least one of said 
tone groups, a plurality of translator means coupled 
to each selective means and individually coupled to the 
remote devices, each of said translator means being re 
sponsive to one tone of one of said groups to which 
said selective means responds and to the condition of 
the remote device to which said translator means is 
coupled to generate a reply signal, said selective means 
being responsive‘ to said reply signal to generate a reply 
tone, the frequency of which is dependent upon the con 
dition of the remote device coupled to said translator 
means, means for generating a function tone dependent 
upon the condition of said terminal means, means cou 
pled to said selective means for combining said, reply 
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tones and function tones and retransmitting the same to 
the central location, means at the central location for 
receiving the retransmitted reply and function tones, and 
display means for displaying the condition of the re 
mote devices. 

3. A system for indicating at a central location the 
condition of any one of a plurality of remotely located 
devices including in combination, oscillator means for 
producing a plurality of separate tones, code means con 
nected to said oscillator means for selecting groups of 
tones from said plurality of tones, each of said groups 
including a di?erent combination of tones and less than 
the total number of said plurality of tones, means con 
nected to said code means for transmitting each of said 
tone groups for a ?rst time period in sequence with 
said tones included in each tone group being trans 
mitted simultaneously, terminal means for receiving said 
tone groups and for retransmitting the same including 
selective means responsive to at least one of said tone 
groups, a plurality of translator means coupled to each 
selective means and individually coupled to the remote 
devices, each of said translator means being responsive 
to one tone of one of said groups to which said selec 
tive means responds and to the condition of the remote 
device to which said translator meansv is coupled to gen 
erate a reply signal, said selective means being respon 
sive to said reply signal to generate a reply tone, the 
frequency of which is dependent upon the condition of 
the remote device coupled to said translator means, means 
coupled to said selective means for combining said 
reply tones and simultaneously retransmitting the same 
to the central location, means at the central location for 
receiving the retransmitted reply tones, and display 
means for displaying the condition of the remote de 
vices, means coupled to said code means to cause said 
tone groups to be transmitted for a second time period 
different from said ?rst time period, said selective means 
including control means responsive to said tone groups 
transmitted for said second time period to provide con 
trols at the remote devices. 

4. A system for indicating at a central location the 
condition of any one of a plurality of remotely lo 
cated devices including in combination, oscillator means 
for producing a plurality of separate tones, code means 
connected to said oscillator means for selecting groups 
of tones from said plurality of tones, each of said groups 
including a different combination of tones and less than 
the total number of said plurality of tones, means con 
nected to said code means for transmitting said tone 
groups in sequence with said tones included in each 
tone group being transmitted simultaneously, terminal 
means for receiving said tone groups and for retrans 
mitting the same including selective means responsive to 
at least one of said tone groups, a plurality of trans— 
lator means coupled to each selective means and in 
dividually coupled to the remote devices, each of said 
translator means being responsive to one tone of one of 
said groups to which said selective means responds and 
to the condition of the remote device to which said trans 
lator means is coupled to generate a reply signal, said 
selective means being responsive to said reply signal 
to generate a reply tone, the frequency of which is de 
pendent upon the condition of the remote device cou 
pled to said translator means, means coupled to said se 
lective means for combining said reply tones and simul 
taneously retransmitting the same to the central sta 
tion, means at the central location for receiving the 
retransmitted reply tones, and display means for dis 
playing the condition of the remote devices, means cou 
pled to said code means whereby said ?xed sequence 
can be changed to select a particular- terminal means. 

5. A system for indicating at a central location the 
condition of a plurality of remotely located alarms in 
cluding in combination, oscillator means for producing 
a plurality of separate tones, code means connected to 
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said oscillator means for selecting a ?xed sequence of 
groups of tones from saidplurality of tones, each of 
said groups including a different combination of tones 
and less than the total number of said plurality of tones, 
control means and transmitting means, switch means 
coupled to said control means and responsive thereto 
to connect’ said code means to said transmitting means 
for a ?rst time period, central station receiver means 
and display means, said switch means being responsive 
to said control means to connect said code means and 
said central station receiver means to said display means 
for a second time period, said ?rst and second time 
periods being in an alternating sequence, said code means 
operating to apply different tone groups to said trans 
mitting means during each of said ?rst time periods for 
simultaneously transmitting said tone included in each 
tone group until said ?xed sequence is completed where 
upon said ?xed sequence is repeated inde?nitely, ter 
minal means for receiving said transmitted tone groups 
and for retransmitting the same including selective means 
responsive to at least one of said tone groups, a plural 
ity of translator means coupled to each selective means 
and individually coupled to the alarms, each of said 
translator means being responsive to one tone of one 
of said groups to which said selective means responds 
and to the condition of the remote device to which 
said translator means is coupled to generate a reply sig 
nal, said selective means being responsive to said reply 
signal to generate a reply tone the frequency of which 
is dependent upon the condition of the alarm coupled 
to said translator means, means coupled to said selec 
tive means for combining said reply tones and simul 
taneously retransmitting the same during said second time 
period, said central station receiver means acting to re 
ceive and separate said retransmitted tones, and said 
display means acting to display the information contained 
in said tones. 

6. A system for indicating at a central location the 
condition of a plurality of remotely located alarms in 
cluding in combination, oscillator means for producing 
a plurality of separate tones, code means connected to said 
oscillator means for selecting a ?xed sequence of groups 
of tones from said plurality of tones, each of said tones 
including a different combination of tones and less than 
the total number of said plurality of tones, control 
means and transmitting means, switch means coupled 
to said control means and responsive thereto to con 
nect said code means to said transmitting means for a 
?rst time period, central station receiving means and 
display means, said switch means being responsive to 
said control means to connect said code means and said 
central station receiver means to said display means for 
a second time period, said ?rst and second time periods 
being in an alternating sequence, said code means op 
erating to apply di?erent tone groups to said transmit 
ting means during each of said ?rst time periods for 
simultaneously transmitting said tones included in each 
tone group until said ?xed sequence is completed where 
upon said ?xed sequence is repeated inde?nitely, ter 
minal means for receiving said transmitted tone groups 
and for retransmitting the same including selective means 
responsive to at least one of said tone groups, a plural 
ity of translator means coupled to each selective means 
and individually coupled to the alarms, each of said 
translator means being responsive to one tone of one of 
said groups to which said selective means responds and 
to the condition of the remote device to which said 
translator means is coupled to generate a reply signal, 
said selective means being responsive to said reply sig 
nal to generate a reply tone the frequency of which is 
the same as the transmitted tone if the alarm to which 
said transmitted tone is associated has not been actu 
ated and to generate a tone having a frequency different 
from said one tone if the alarm has been actuated, means 
coupled to said selective means for combining said reply 
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tones and simultaneously retransmitting the same during 
said second time period, said central station receiver means 
acting to receive and separate said retransmitted tones, 
and said display means acting to display the information 
contained in said tones. 

7. A system for indicating at a central location the 
condition of a plurality of remotely located alarms in 
cluding in combination, oscillator means for producing 
a plurality of separate tones, code means connected to 
said oscillator means for selecting a ?xed sequence of 
groups of tones from said plurality of tones, each of 
said groups including a different combination of tones 
and less than the total number of said plurality of tones, 
control means and transmitting means, switch means 
coupled to said control means and responsive thereto 
to connect said code means to said transmitting means 
for a ?rst time period, central station receiver means 
and display means, said switch means being responsive 
to said control means to connect said code means and 
said central station receiver means to said display means 
for a second time period, said ?rst and second time 
periods being in an alternating sequence, said code means 
operating to apply different tone groups to said trans 
mitting vmeans during each of said ?rst time periods 
for simultaneously transmitting said tones included in 
each tone group until said ?xed sequence is completed 
whereupon said ?xed sequence is repeated inde?nite 
ly, terminal means for receiving said transmitted tone 
groups and for retransmitting the same including se 
lective means responsive to at least one of said tone 
groups, a plurality of translator means coupled to each 
selective means and individually coupled to the alarms, 
each of said translator means being responsive to one 
tone of one of said groups to which said selective means 
responds and to the condition of the remote device to 
which said translator means is coupled to generate a 
reply signal, said selective means being responsive to 
said reply signal to generate a reply tone the frequency 
of which is dependent upon the condition of the alarm 
coupled to said translator means, means for generating 
a function tone dependent upon the status of said ter 
minal means and means coupled to said selective means 
for combining said reply and function tones and simul 
taneously retransmitting the same during said second 
time period, said central station receiver means acting 
to receive and separate said retransmitted tones, and said 
display means acting to display the information con 
tained in said tones. 

8. A system for indicating at a central location the 
condition of a plurality of remotely located alarms in 
cluding in combination, oscillator means for producing 
a plurality of separate tones, code means connected to 
said oscillator means for selecting a ?xed sequence of 
groups of tones from said plurality of tones, each of 
said groups including a different combination of tones 
and less than the total number of said plurality of tones, 
control means and transmitting means, switch means 
coupled to said control means and responsive thereto 
to connect said code means to said transmitting means 
for a ?rst time period, central station receiver means 
and display means, said switch means being responsive to 
said control means to connect said code means and said 
central station receiver means to said display means for 
a second time period, said ?rst and second time periods 
being in an alternating sequence, said code means operat 
ing to apply dilferent tone groups to said transmitting 
means during each of said ?rst time periods until said 
?xed sequence is completed whereupon said ?xed se~ 
quence is repeated inde?nitely, terminal means for re 
ceiving said transmitted tone groups and for retrans 
Initting the same including selective means responsive 
to at least one of said tone groups, a plurality of trans 
lator means coupled to each selective means and in 
dividually coupled to the alarms each of said translator 
means being responsive to one tone of one of said groups 
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to which said selective means responds and to the con 
dition of the remote device to which said translator 
means is coupled to generate a reply signal, said selec 
tive means being responsive to said reply signal to gen 
erate a reply tone, the frequency of which is dependent 
upon the condition of the alarm coupled to said trans 
lator means, means coupled to said selective means for 
combining said reply tones and retransmitting the same 
during said second time period, said central station re 
ceiver means acting to receive and separate said retrans 
mitted tones, said display means acting to display the 
information contained in said tones, means coupled to 
said code means to cause said tone groups to be trans~ 
mitted for a third time period ditferent from said ?rst 
time period, said terminal means being responsive to 
said tone groups transmitted for said third time period 
whereby equipment control means located at said ter 
minal means are actuated to control the operation of the 
remote alarms, said translator means, and said terminal 
means. 

9. A system for indicating at a central location the 
condition of a plurality of remotely located alarms in 
cluding in combination, oscillator means for producing 
a plurality of separate tones, code means connected to 
said oscillator means for selecting a ?xed sequence of 
groups of tones from said plurality of tones, each of 
said groups including a different combination of tones 
and less than the total number of said plurality of tones, 
control means and transmitting means, switch means 
coupled to said control means and responsive thereto to 
connect said code means to said transmitting means for 
a ?rst time period, central station receiver means and 
display means, said switch means being responsive to 
said control means to connect said code means and said 
central station receiver means to said display means for 
a second time period, said ?rst and second time periods 
being in an alternating sequence, said code means op 
erating to apply different tone groups to said transmit 
ting means during each of said ?rst time periods until 
said ?xed sequence is completed whereupon said ?xed 
sequence is repeated inde?nitely, terminal means for 
receiving said transmitted tone groups and for retrans 
mitting the same including selective means responsive 
to at least one of said tone groups, a plurality of transla 
tors means coupled to each selective means and individual 
ly coupled to the alarms, each of said translator means be 
ing responsive to one tone of one of said groups to 
which said selective means responds and to the condi— 
tion of the remote device to which said translator means 
is coupled to generate a reply signal, said selective 
means being responsive to said reply signal to generate 
a reply tone the frequency of which is dependent upon 
the condition of the alarm coupled to said translator 
means, means coupled to said selective means for com 
bining said reply tones and retransmitting the same dur 
ing said second time period, said central station receiver 
means acting to receive and separate said retransmitted 
tones and said display means acting to display the in 
formation contained in said tones, means coupled to 
said control means whereby said ?xed sequence can be 
changed to select a particular terminal means. 

. 10. system for indicating at a central location the 
condition of remotely located devices, including in com 
bination, means for transmitting a ?rst tone group con 
taining a plurality of tones identifying particular devices 
with said tones included in said ?rst tone group being 
transmitted simultaneously, terminal means for receiv 
ing said ?rst tone group at a remote location and includ 
ing means for sensing the condition of the devices se 
lected by the received tones, said terminal means fur 
ther including means for generating a second tone group 
having the same number of tones as said ?rst tone group, 
with the frequency of said tones in said second tone 
group being determined by the condition of the selected 
remote devices, said terminal means being responsive 
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to said second tone group to transmit the same to said 
transmitting means with said tones included in said sec 
ond tone group being transmitted simultaneously, said 
transmitting means including display means responsive 
to said second tone group to indicate the condition of 
the selected remote devices. 

11. A system for indicating at a central location the 
actuation of a plurality of remotely located alarms, in 
cluding in combination, means for generating a plural 
ity of tones, means coupled to said generating means 
for selecting from said plurality of tones, in a ?xed se 
quence, a plurality of ?rst groups of tones, each of said 
?rst groups including a di?erent combination of tones 
representing particular alarms and containing less than 
the total number of said plurality of tones, means cou 
pled to said selecting means for transmitting said ?rst 
tone groups with said tones included in each of said ?rst 
tone groups being transmitted simultaneously, terminal 
means for receiving said ?rst tone groups at a remote 
location and including means for sensing the actuation 
of the alarms represented by the received tones, said 
terminal means further including means for providing 
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second tone groups having the same number of tones 
as said ?rst tone groups, with the frequency of said 
tones in said second tone groups being determined by 
the actuation of the remotely located alarms, said ter 
minal means being responsive to said second tone groups 
to transmit the same with said tones included in each of 
said second tone groups being transmitted simultaneous 
ly, receiving means including display means for receiv 
ing said transmitted second tone groups and displaying 
the information represented'by the frequency of the 
tones therein. 
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