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[57] ABSTRACT

A supervisory system for a plurality of line wire pairs
which line wire pairs may be used for distribution of
audio or digital information. DC energy, for supervi-
sory purposes, is supplied to each of the line wire pairs
which are separately and continuously monitored for
faults. The continuous monitoring of the line wire
pairs takes place even after detection of a fault so
that, when the fault is repaired, the equipment auto-
matically responds to the repair. The faults that can be
detected include short and open circuits. Detection of
an open circuit is signaled but information is allowed
to flow down the opened line pair as far as possible.
Detection of a short circuit results in removing the in-
formation transmission to protect information flow on
other line wire: pairs. A resistor across each line wire
pair at the detection point ensures a minimum flow of
direct current so that polarized capacitors can be used
rather than less desirable bipolar capacitors.

9 Claims, 3 Drawing Figures

.

—— ., 22

|1 /0 e~ 1 (16

7 | o

| 1| Aydio | 723 |

| Dy e

| 12 Cir —
] D.C. L2t

I R

| | 1 o 250 | Indicatar |
[ I | 25¢




U.S. Patent oct. 14, 1975 3,912,883

FIG. |
5 6
e ~ 7
r-"'__' _——m—— l6 22 ) N -
| /0 ENEaNS I‘_J 1
! | —R — 14 18 o8
| 1jAudio |3 I A l (-
ILATP. ) | p— 24-3 | ' %
N 1@ e 1" ; |
l |2o7[—1— ' & 23b3 | T . i
I gB%e | 25 “Detector 1 | | 28
| | ! Control 729
| 1551 o5gJ | Indicator
==y 5o—3 '

39
Indiccfor—/ |

37
38

25¢

pde 4 . iy
- i %5 FIG. 3
5]7 43 44 J19. I
52 "’5—«—%— 42
50y Ai 4§/§ X :
48




3,912,883

1
DIRECT CURRENT SUPERVISORY SYSTEM

FIELD OF THE INVENTION

This invention pertains to supervisory circuits for
monitoring the condition of line wires in an information
transmission system which may connect a central sta-
tion to a plurality of remote stations.

BACKGROUND OF THE INVENTION

Supervision systems for supervising line wire pairs in
information transmission systems is an art which has
been widely developed. The information transmission
systems for which line supervision systems have been
developed include fire alarm, audio systems including
audio alarm systems, paging systems, background
music systems, and telemetering systems, including
both analog and digital. However, the prior art supervi-
sion systems exhibit one or more of the following diffi-
culties. In some systems, no supervision is possible if
information transmission is not taking place. That is,
the supervising system relies on the information trans-
mission signals for power. Of course, the difficulty with
this approach is that, for example, in a fire alarm sys-
tem, information is only being transmitted in such prior
art systems when an alarm has to be sounded. If, at that
time, the system detects that one or more of the line
wire pairs are inoperative, of course a dangerous condi-
tion exists because the inoperative pair of line wires will
be unable to transmit the fire alarm as required. As a
further example, in telemetering systems it is often the
supervision scheme to poll the various stations when
information transmission is desired. At that time, if a
station fails to respond, the system detects this as a fail-
ure in the line wire pair connecting that station to the
system. However, it should be apparent that because of
this failure the information cannot be transmitted. As
a further example, in a background music system of
course the user would be aware of a failure in a line
wire pair if he fails to hear music. However, if the re-
mote music loud speaker has been turned off, there is
no way of knowing whether or not the line wire pair
connecting that speaker to the system is operative.
Thus, the basic drawback of such systems is their fail-
ure to provide a constant check on the integrity of the
system so that any fault can be promptly corrected and
thus not interfere with the sending of necessary infor-
mation, as during an emergency.

Another failing of the prior art systems is that when
a failure is detected, the detecting system is then
switched out of the circuit and thus the line is no longer
monitored. As a result, when the failure is corrected, it
is then necessary to go back to the detecting equipment
and reset it so that again it becomes responsive to the
condition of the line wire pairs.

Another failing of the prior art systems is their cost.
Of course, since a supervision system is an *‘add-on,”
its cost must be closely controlled. To overcome some
of the problems mentioned above, some prior art sys-
tems employ a high frequency signal for supervision
purposes. Of course, such a system requires at the very

least, a high frequency oscillator to provide the high .

frequency signals. Furthermore, such a system may re-
quire special filtering apparatus to separate the audio
and supervisory signals which merely adds to the cost
of the apparatus. S
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Finally, some supervision systems are disconnected
when an alarm or message is to be transmitted. Usually
this is required, where the supervision energy is AC, to
avoid distortion introduced by reason of mixing the
alarm and/or message with the supervision energy. See,
for example U.S. Pat. No. 3,656,158. These systems
have two characteristics that are undesirable. In the
first place switching equipment is required to discon-
nect the supervisory system which adds to the system
cost. In addition the supervision system is inoperative
at the very time it is most important to have it operat-
ing, i.e. when an alarm or message is transmitted. As a
result, with systems of this type, there is no assurance
when an alarm or message is sent, that such alarm or
message is being received.

SUMMARY OF THE INVENTION

The present invention overcomes these and other
problems in the prior art supervision systems by super-
imposing direct current supervision energy onto the in-
formation transmission system. As a result, whether or
not the information transmission system is actually op-
erating, the direct current is available for supervision
and detection purposes. Although it is necessary to sep-
arate the DC supervision energy from the audio for
purposes of detection the filtering is achieved without
burdening the system with expensive equipment.

In addition to the conventional end-of-line resistor,
each pair of line wires has associated therewith a start-
of-line resistor connected across the pair at the central
or monitoring station. This start-of-line resistor ensures
the supervision system of a minimum flow of direct cur-
rent at all times, even when the line wire pair may be
short-circuited or open-circuited. This minimum flow
of direct current enables the system to employ more
desirable polarized capacitors instead of the bipolar
type. The bipolar type of capacitors are relatively unde-
sirable due to their higher cost.

The detector in the supervision system monitors the
direct current flow on one of the pairs of line wires and
develops a voltage proportional thereto. This sensed
voltage is compared with reference voltage limits which
are derived from the direct current source. If the
sensed voltage exceeds one of the reference voltages or
becomes less than the second reference voltage, the su-
pervision system detects a failure. In one case an indi-
cator light may be energized to indicate an open circuit
on the line. Those skilled in the art will perceive that
the supervision system remains operating even though
an open-circuit condition has been detected. As a re-
sult, when the open circuit is repaired, the supervision
system continues monitoring the line wire pair and de-
tects this change from an abnormal back to the normal
condition. As a result, the open circuit indicator is ex-
tinguished and the system continues in operation.

In the other case, a short circuit is detected. In this
condition, the detector operates a control means which

. open circuits the connection between the shorted line

wire pair and the information transmission system.
However, supervision energy continues.to flow in the
short-circuited line wire pair. The impedance of the de-
tector is made high so that the short circuit current
does not become excessive. The information transmis-
sion system is disconnected from the line wire pair so
that the short-circuit in one line wire pair does not af-
fect the operation of the information transmission sys-
tem with respect to other line wire pairs. Those skilled
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in the art will perceive that the detection system re-
mains in operation, regardless of the short-circuited
condition. As a result, when the short-circuited condi-
tion has been repaired, the supervision system detects
this and responds thereto, automatically reconnecting
the information transmission to the now-repaired line
wire pair.

Additionally the supervision energy is constantly
available even when information (alarms or messages)
is being transmitted. As a result the supervision system
monitors the line wire pairs at all times.

In a preferred embodiment of this invention, dis-
closed herein, the information transmission system
whose line wire pairs are being supervised comprises a
combination alarm audio system. The audio portion of
this system may comprise paging or background music
and the alarm may be useful to indicate a fire or other
dangerous condition. A plurality of line wire pairs may
connect a central transmitting and supervising station
with a number of remote stations. A group of remote
stations may be located, for instance, on each different
floor of a building, and may each be connected to a sin-
gle line wire pair.

As is disclosed herein, the detector may be con-
nected to be responsive to DC current flow on either
line of the line wire pair.

Those with ordinary skill in the art will understand
that the information transmission system which is being
supervised by the system of the present invention may
be one of a variety of systems some of which have been
mentioned hereinabove.

BRIEF DESCRIPTION OF THE DRAWINGS

The remainder of the specification will describe in
detail a number of preferred embodiments of the pres-
ent invention, some of which are illustrated in the ac-
companying drawings, in which:

FIG. 1 is a schematic diagram of the supervision sys-
tem of the present invention monitoring a pair of line
wires in an audio-alarm information transmission sys-
tem:

FIG. 2 is a schematic of the detector means, control
means and indicator means which is one component
iltustrated in FIG. 1; and

FIG. 3 is a schematic of one form of direct current
energy supply that can be employed in the present in-
vention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 illustrates the supervision system of the pres-
ent invention supervising one pair of line wires in an au-
dio-alarm system. Such a system may be useful, for in-
stance, to provide background music, information mes-
sages such as paging services and alarm messages to the
various floors of a building. In such a system, for in-
stance, one pair of line wires may serve each of the
audio transducers on a floor. Of course, in a multistory
building, there would be one pair of line wires for each
floor in the building.

The common equipment for the supervision and in-
formation transmission system includes the apparatus
within the dotted lines 5 shown in FIG. 1. This appara-
tus includes an audio amplifier 10 whose output is con-
nected across one winding of a transformer 11. The
second winding of this transformer is connected to ter-
minals 12 and 13. The audio amplifier 10 is representa-

15

20

25

30

35

45

50

55

60

65

4

tive of an information source in an audio-alarm system.
This amplifier can provide background music, audio
messages such as a paging system, and audio alarms to
a plurality of loudspeakers distributed throughout a
building. The manner in which these various signals are
provided to the audio amplifier 10 is conventional in
the art and forms no part of the present invention.
However, the supervision system cooperates with the
audio-alarm system as will be discussed hereinafter.

A source of direct current energy 20 has a polarized
capacitor 21 connected across it. This parallel combi-
nation is connected between terminals 13 and 185.

The foregoing apparatus constitutes the common
equipment for both the information transmission net-
work and the supervision network. For each pair of line
wires, the central office contains, in addition to the
foregoing, the additional apparatus contained within
the dash line 6. This circuit is connected to terminals
16, 17, and 19 which are respectively connected to ter-
minals 12, 13, and 15. Of course, for additional pairs
of line wires, not illustrated, additional terminals such
as 16, 17, and 19 will be provided and connected in
parallel with terminals 16, 17, and 19, respectively.
Terminals 16 and 17 have connected serially therebe-
tween normally closed contacts 22 and normally open
contacts 23. The apparatus which controls these
contacts will be explained in more detail hereinafter.
The common point between normally closed contacts
22 and normally open contacts 23 is connected to one
of the two line wires 27 of the pair of line wires. Con-
nected across the line wires 27 and 28 is a resistor 24.
One input 25b of Detector Control Indicator 25 is con-
nected to the junction of resistor 24 and line wire 28.
A second input 254 to the detector, control, indicator
25 is connected to the common point of terminal 17
and normally open contact 23. Finally, terminal 25c¢ of
the Detector Control Indicator 25 is connected to ter-
minal 19. A second polarized capacitor 29 is connected
across terminals 25b and 25c.

The circuitry connected across line wires 27 and 28
external to the dash line 6 represents the connection
between the central transmitting and supervising sta-
tion to the remote receivers. At the termination of line
wires 27 and 28 a second resistor 26 is provided. Inter-
mediate the line wires a plurality of loudspeakers 14,
18, etc. is illustrated. Those with ordinary skill in the
art will understand that the number of transducers con-
nected across line wires 27 and 28 is relatively arbitrary
as long as sufficient power is available from the infor-
mation transmission system to drive them.

FIG. 2 illustrates the Detector Control Indicator 25.
The terminals 25a, 25b, and 25¢ represent the termi-
nals with the same reference characters as illustrated in
FIG. 1. A voltage divider is connected between termi-
nals 254 and 25¢ comprising resistors 31, 32, and 33.
Terminal 25b is connected to terminal 25c through a
resistor 34. Differential amplifiers 35 and 36 are pro-
vided with voltages developed across resistors 32, 33,
and 34, In particular, one input to differential amplifier
35 is provided by the voltage dropped across resistors
32 and 33. The other input to differential amplifier 35
is the voltage drop across resistor 34.

The voltage drop across resistor 33 provides one
input to differential amplifier 36. The second input to
differential amplifier 36 is the voltage developed across
resistor 34.
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The voltage drop across resistor 34 is proportional to
the direct current flowing in one of the line wires. This
voltage is compared in differential amplifiers 35 and
36, with two reference voltages which are related to the
voltage provided by DC source 20. If the sensed voltage
exceeds (in the illustrated embodiment) the first or
higher reference voltage the system determines that a
short-circuit condition exists on the pair of line wires
being monitored. As a result, differential amplifier 35
responds distinctively to this condition to energize con-
trol 37 and indicator 39. Indicator 39 can be a lamp or
other indicating means to indicate that the line wires
associated with the detector have a short-circuit condi-
tion. Control 37 operates to open :normally closed
contacts 22 and close normally open-contacts 23. The
reason for this will appear hereinafter.

If the sensed voltage developed across resistor 34 de-
creases below the second reference voltage, developed
across resistor 33, differential amplifier 36 distinctively
responds to this condition. The apparatus (in the illus-
trated embodiment) interprets this as an open-circuited
condition on the pair of line wires associated with the
detector. An appropriate indicator 38 is controlled-by
the distinctive condition of amplifier 36 to indicate this
condition.

FIG. 3 illustrates the direct current power source. A
source of direct current is applied to terminals 49 and
50. A polarized capacitor 52 connects terminals 49 and
50 for filtering purposes. The collector-emitter termi-
nals of transistor 31 connect terminal 49 to output ter-
minal 47. The collector-emitter circuit of transistor 42
is connected between output terminals 47 and 48. A
voltage divider comprising resistors 45 and 46 is con-
nected across the output terminals 47 and 48. The volt-
age produced by the voltage divider at the junction of
resistors 45 and 46 is provided as one input to an ampli-
fier 43. The other input to this amplifier is provided
with a reference voltage at terminal 51. The output of
amplifier 43 is connected as an input to amplifier 44 as
well as to the base of transistor 41, The output of ampli-
fier 44 is connected to the base of transistor 42. Tran-
sistors 41 and 42 are respectively a series pass regulator
and a common shunt regulator.

A predetermined portion of the output voltage pro-
vided at terminals 47 and 48 is provided by the voltage
divider comprising resistors 45 and 46 as one input to
amplifier 43. The amount by which this voltage is
below the reference voltage provided at terminal 51
controls the voltage provided to the base of transistor
41. This signal tends to increase the current provided
to transistor 41 if the output voltage decreases to main-
tain the output voltage at terminals 47-48 at its nomi-
nal value. If the output voltage at terminals 47-48 in-
creases beyond its normal range, the predetermined
portion of this voltage provided to amplifier 43 will ex-
ceed the reference voltage provided at terminal 51.
This will result in a higher base voltage to transistor 42
to drain current from the output terminals 47-48. This
results in, of course, lowering the output voltage at ter-
minals 47-48.

Now that the various components of the supervision
system have been disclosed the operation will be dis-
cussed.

Under normal conditions and regardless of whether
or not any audio signals are provided by audio amplifier
10 through the line wires 27-28, the direct current
source 20 provides a predetermined direct current volt-
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age through the secondary of transformer 11, terminal
12, terminal 16, and normally closed contact 22, Some
of this current flows through resistor 24 to input termi-
nal 25b. Assuming no open circuits in the line wires
25-28, additional direct current will flow to the termi-
nal 25b on return line wire 28, after flowing through re-
sistor 26. A capacitor 29 provides a bypass path for al-
ternating current around the Detector Control Indica-
tor 25. In like manner, the capacitor 21 provides a simi-
lar bypass for alternating current around direct current
source 20.

A second input to the Detector Control Indicator 25
via terminal 254 is a direct current voltage equal to that
provided by source 20 via contacts 13, 17, and 25a.
The voltage provided through terminal 254 develops a
current which, passing through resistors 31, 32, and 33,
develops first and second reference voltages. The di-
rect current input at terminal 25b develops a direct cur-
rent voltage across resistor 34. This latter direct cur-
rent voltage:is the sensed voltage which indicates the
condition of the line wires 27-28. Under normal opera-
tion, the resistors 24, 26, 31, 32, and 33 and 34 are so
proportioned that the sensed voltage lies between the
first and second reference voltages in magnitude. Thus,
under normal conditions, neither control 37 nor indica-
tors 38 and 39 are operated. This maintains normally
closed contacts 22 closed and normally opened
contacts 23 open.

If an open circuit appears on the pair of line wires
26-28, the DC resistance will increase, thereby de-
creasing the direct current flowing in the circuit. A
minimum amount of direct current flows through resis-
tor 24 regardless of the condition of the line wires
27-28. This minimum direct current allows use of po-
larized capacitors as capacitors 21 and 29, thereby ob-
viating the need for using less desirable bipolar capaci-
tors. In any event, the decrease in the direct current re-
duces the sensed voltage available across resistor 34.
As this sensed voltage decreases below the second ref-
erence voltage, differential amplifier 36 responds oper-
ating indicator 38 to indicate an open circuit condition
on the line.

In a like manner, if a short-circuit condition appears
on line wires 27-28, the direct current will increase in
response thereto. The direct current resistance of the
resistors 31-34 is so proportioned that the increased
current due to the short-circuit will not damage the su-
pervision systems components. However, this increased
direct current will increase the sensed voltage. As the
sensed voltage increases above the first reference volt-
age, differential amplifier 35 responds operating indi-
cator 39 and control 37. The indicator 39 may be an
indicator lamp to record a short-circuit condition on
the line. Control 37 operates the contacts 22 and 23.
In particular, when control 37 is operated in response
to the detection of a short circuit, normally closed
contacts 22 open and normally opened contacts 23

. close. This operation of contacts 22 and 23 has no ef-

fect on the direct current circuit inasmuch as direct
current energy can now be provided via terminals 13,
17 and now-closed contacts 23 to the line wires 27-28.
However, this operation of the contacts effectively dis-
connects the audio amplifier from the line wires 27 and
28 at now-open contacts 22.

In the event of a short-circuit, the decreased impe-
dance of the short-circuited line wires could affect
proper operation of the audio system on other line
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wires by loading down the source of audio current. To
prevent this the short-circuited line wires are automati-
cally disconnected by the supervision system.

It will be recognized, however, that even under fault
conditions, the supervision system continues to super-
vise and indicate the condition of the faulted line wires.
As a result, when the faulted line wires are repaired, the
supervision system responds automatically to indicate
the now repaired condition of the lines.-In particular,
if the line wires have been open-circuited then this re-
sponse merely results in extinguishing indicator 38. On
the other hand, if the line wires had been short-
circuited the response would not only extinguish indi-
cator 39 but also operate contacts 22 and, 23 by control
37 to their normal conditions. This automatically re-
stores audio current to the line wires.

Reference to FIG. 1 will indicate that as many pairs
of line wires as necessary can be connected so long as
a separate detector, control indicator 25 is provided for
each pair of line wires. Each pair of line wires is termi-
nated with resistor 26 and a resistor 24 is provided at
the control station.

Although FIG. 1 illustrates the detector control indi-
cator 25 as being connected at terminal 25b to the re-
turn line wire 28, it is within the scope of the present
invention to connect this terminal to line wire 27. In ad-
dition to this change, resistor 24 must now be con-
nected between terminal 25¢ and terminal 19. Further-
more, in this embodiment, an open-circuit condition
still results in a decrease of direct current. However,
because of the open-circuited line, the voltage devel-
oped across resistor 34 increases. Therefore, amplifier
35 should, in this embodiment, be connected to indica-
tor 38, to indicate an open-circuit condition. Likewise,
differential amplifier 36 should be connected to control
37 and indicator 39 to indicate, when the voltage
across resistor 34 decreases that a short-circuit condi-
tion exists.

In view of the foregoing description, those with ordi-
nary skill in the art will understand that the supervision
system of the present invention may be utilized with
systems in which the audio or data information origi-
nates at the remote terminals and is coupled to a re-
ceiver at the central station. In such embodiment, the
system would operate in much the same manner as that
disclosed in FIG. 1 save that audio amplifier 10 is re-
placed by a receiver, and the loudspeakers 14 and 18
would be replaced by a transmitter. As long as the
transmitter and receiver operate on alternating current
and the supervision system operates on direct current
the system would operate in much the same manner as
that which has been disclosed.

What is claimed is:

1. A supervisory system for supervising, at a central
location, an information transmission system with at
least one pair of line wires, said information transmis-
sion system including information source connected to
said one pair of line wires, said supervisory system com-
prising,

means supplying direct current energy to said pair of

line wires,

first resistive means connected across said pair of line

wires remote from said central location,

second resistive means connected across said pair of

line wires at said central location,

8

detector means at said central location responsive to
the direct current on one of said pair of line wires
and,
control means connected to said detector means op-
5 erating in response to said detector means detect-
ing a distinctive trouble condition on said pair of
line wires for disconnecting said pair of line wires
from said information transmission source.

2. The apparatus of claim 1 in which said information
transmission system comprises a plurality of pairs of
line wires, each connected to said information source,
with first and second resistive means in which further
includes a plurality of detector means, one for each
pair of line wires, each of said detector means respon-
sive to direct current on the associated pair of line
wires and a plurality of control means, each associated
with a different one of said detector means for discon-
necting the associated pair of line wires from said infor-
mation source in response to the assoociated detector
means detecting a distinctive trouble condition on the
associated pair of line wires.

3. The apparatus of claim 1 in which said information
transmission system includes a transformer, one wind-
ing of said transformer coupled to said pair of line wires
and which include in said supervisory system, switches
responsive to said control means to open a connection
between said pair of line wires and said winding when
said control means is operated.

4. The apparatus of claim 2 in which said information
transmission system includes a transformer, one wind-
ing of said transformer coupled to all said pairs of line
wires and which include, in said supervisory system,
switches associated with each of said control means,
responsive to operation of the associated control
means, to open a connection between one of said pairs
of line wires and said winding when said control means
is operated.

5. The apparatus of claim 1 which further includes
indicator means responsive to said detector means for
indicating one of the plurality of distinctive trouble
conditions on said pair of line wires.

6. The apparatus of claim 2 which includes a plurality
of indicator means each associated with a different de-
tector means for indicating one of a plurality of trouble
conditions on an associated pair of line wires.

7. The apparatus of claim 1 in which said detector
means comprises,

a voltage divider connected across said means for
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taps to provide a pair of reference voltages,
a sensing circuit to provide a direct current sensed
voltage proportional to said direct current flowing
ss in one of said pair of line wires,

and a pair of comparator means each distinctively re-
sponsive to the relative magnitude of one of said
reference voltages and said sensed voltage.

8. The apparatus of claim 1 in which each of said re-
sistive means includes a resistor.

9. A supervisory system for supervising, at a central
location, an information transmission system with at
least one pair of line wires comprising,

means for supplying direct current supervision en-

ergy to said pair of line wires including a pair of ter-
minals,

capacitive means coupled across said means supply-

ing direct current,

60
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detector means at said central location responsive to
the direct current on one of said pair of line wires,
and connected between one of said pair of line
wires and one of said two terminals of said means
for supplying direct current,

resistive means connected across said pair of line
wires remote from said central location,
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second capacitive means connected across said de-
tector means,

second resistive means connected across said pair of
line wires at said central location, and

both said first and second capacitive means including

polarized capacators.
* * * * *



