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(57) Abstract

A system for monitoring conditions of instrumentalities at subscriber premises. A central control unit, scanner (18),
is connected across a set of subscriber loops (14-16).At each subscriber’s premises, an individual subscriber terminal unit
STU (22-24) is connected across the particular subscriber’s loop (14-16). To each STU (22-24) are connected the various in-
strumentalities which are to be monitored by the system, e.g., signal sources (41-43) such as fire alarms, burglar alarms, etc.
A signal below the audible range (low tone) is produced at the STU (22-24), and transmitted to the scanner (18), over the
telephone loop if, but only if, all the instrumentalities at the particular subscriber premises are in a given state (e.g. non-
alarm). If not, low tone is stopped. Such stoppage is sensed by the scanner (18), and causes immediate transmission of FSK
modulated signals in the upper part of the audible range from the scanner (18) to the corresponding STU (22-24), whether
the associated telephone is on-hook or off-hook at the time.The reply from the STU (22-24), to such transmission provides
information about the reason for the stoppage, i.e. what is the source of the alarm. This system provides efficient monitor-
ing of subscriber instrumentalities without using signals audible during normal telephone usage or special filtering in the

telephone network.




AT
AU-
BB
BE
BG

CF
G
CH
™

_ DE
DK
I
R

BR .

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international appli-

cations under the PCT.

Austria

Australia

Barbados

Belgium

Bulgaria

Brazil

Central African Repubiic
Congo

Switzerland

Cameroon

Germany, Federal Republic of
Denmark

Finland

France

‘ML

Gabon

United Kingdom

Hungary

Italy

Japan

Democratic People’s Republic
of Korea

- Repubiic of Korea

Liechtenstein
Sri Lanka
Luxembourg
Monaco
Madagascar
Mali

MR Mauritania
MW Malawi

NL
NO
RO
SD
SE
SN
sU
™D
TG
us

Netherlands

Norway

Romania

Sudan

Sweden

Senegal

Soviet Union

Chad

Togo

United States of America




WO 85/04302 PCT/US85/00406

-]

DESCRIPTION

REMOTE SUBSCRIBER INTERACTION SYSTEM

Related Application

This application is a continuation-in-part of United
States Application Serial. No. 327,486 filed December 4, 1981

and now Tnited States Patent No .

Technical Field

This invention relates to systems for utilizing
telephone networks to provide additional functions, beyond
those of traditional telephone service 1nvolving conversations
between subscribers, More particularly, the invention relates
to such systems in which the network i1s additionally used to
monitor the conditions of one or more instrumentalities,
located at the subscriber's premnises.

The instrumentalities in question may be of various
types. Ane type 1s a device for providing an electrical alarm
signal when an abnormal condition 1s detected at the
subscriber's premises. Such an abnormal condition may be a
fire, an unauthorized entry, a malfunction of some machinery
under surveillance, etc. Another type may be a device.which
provides an electrical signal indicative of the state of some
equipment at the subscriber's premises, even though there 1s no
abnormality. This could be utility meter readings,
meteorolgical measurements, operational data of process

equipment, etc. Still other types can be envisioned.




WO 85/04302 : PCT/US85/00406

L

Sackground Art —2-

The present invention is by no means the first to deal
with systems of this kind. Indeed, numerous such systems have
previously been proposed. Howevér, so far as the present
inventors are informed, all such previously proposed systems
had characteristics which detracted from their usefulness, or
their desirability, in one way or another.

' For example; some prior systems proposals involved the
use of auxiliary signals which are audible to the subscriber
when using the telephone for conventional conversational
purposes. This is not only disturbing to the subscriber, but
also contravenes the technical restrictions imposed by some
telephone companies, or governmental agencigs.

Other such prior system proposals involved the use of
auxiliary signals which were above the range of audible
frequencies. However, this created electrical filtering
requirements within the system 1itself, and possibly also within
the conventionai telephone network, which were difﬁicult to
implement, and also costly, to the point of impairing the
economic accentability of the sYstem.

Still other system proposals, in an effort to overcome
drawbacks such as noted above, simply sacrificed some desirable
system functions, such as reliable surveillance of the

equipnent at the subscriber's premises, or the like.

Disclosure of the Invention

Accordingly, it 1s a principal object of the present
invention to provide a system which coooberates with a
conventional telephone network to provide additional functions,
but in an improved manner as compared with previously proposed
systems 1intended for the same general purpose.

It is another object of the present invention to
provide such a system which lacks one or more of the

' shortcomings of previously proposed systems.
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It is another object to provide such a system which

does not use auxiliary signals that are audible to the
subscriber during normal telephone usages.

It is another object to provide a system which does
not rely on signals above the audible frequency range.

It is another object to provide a system which does
not require spec1al_electrical filtering within the
conventional telephone network.

It is another object to provide a systenm which
provides a high degree of reliable surveillance of the
equipment at the subscriber's premises.

These and other objects which will appear are
accomplished in accordance with the present invention as
follows.

At a point at which a group of subscriber loops to be
served by the system is conveniently accessible, a central
control unit (hereinafter called "scanner") 1is connected across
all these subscriber loops. At each subscriber's premises, an
individual electronic unit (hereinafter called "subscriber
terminal unit"™ or "STU") is connected across that particular
suhscriber's loop.

To each STV, there are connected the various
instrumentalities which are to be monitored by the system, soO
that their output signals are available 1in electrical form
within the STU.

In one mode, the scanner 1interrogates the STUs at
appropriate times by means of audible signals within the
audible range. The STUs reply by means of similar signals to
indicate the status of the instrumentalities at the respective
subscriber premises.

This normal pattern of interrogation and reply is
limited to periods during which the subscriber's telephone 1is
on-hook, i.e., when the subscriber 1is not using the telephone
for conventional purposes, and ceases when the subscriber picks

uo the telephone (1.e. creates an off-hook condition).
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A special signal at a frequency well below the audible
range is also produced at the STU, and is transmitted to the
scanner ovar the telephone loop, which of course also carries
the other conventionai telephone signals: voice, dial tone,
ringing, busy tone, etc. This special signal (hereafter called
"low tone") is preferdbly present continuously, during both on-
and off-hook conditions, but only 1f all the instrumentalities
at the particular subscriber premises are within their
predetermined normal, or safe, range of states.

' If any one Oor more 6f these instrumentalities depart
from that range, 1.e., assumes a state of danger or alarm,
production of low tone within the STU is discontinued. Such
discontinuance of low tone is sensed by the scanner, and causes
immediate interrogation of the particular STU which 1s the
souce of this phenomenon, even though the associated telephone
is off-hook, so that this STU would normally not be
interrogated (or reply) at this time. The reply to such
interrogation which is then produced by the STU provides
information about the reason for the observed phenomenon, 1i.e.
what is the source of the danger or alarm.

As previoqsly ndted, interrogation and reply take
place within the audible frequency range, and are therefore
superposed on any other use of the telephone during the
off-hook coddltion, e.g. upon subscriber conversations.
However, this occurs only 1in response to a danger or alarm
indication. Therefore, it is not considered objectionable, nor
1s it orohibhited by telephone requlations. Indeed, it actually
has the desirable aspect of simultaneously alerting the
telephone user to the situation.

In the absence of a phenomenon such as described
above, the scanner normally interrogates the individual STUs 1in
a predetermined, cyclical sequence. However, other deviations
from that sequence are preferably also provided. For example,
when a particular STU is first activated as part of the system,

it 1is nreférably interrogated immediately, even though this may
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be out of its normal sequence, to determine the status of 1its
associated instrumentalities without delay. Also, whenever a
subscriber hangs up, the STU at that location 1s preferably
immediately interrogated, even though low tone had not
indicated a danger or alarm condition.

In another mode, the low tone signal is the initial
source of information concerning the states of the
instrumentalities at a STU. Instead of starting with the
transmission of interrogation signals and the reception of
responses, the scannet monitors the presence or absence of the
low tone signal during both on-hook and off-hook conditions of
the telephone. Only after the low tone signal is lost
indicating a change in state of at least one instrumentality,
does the scanner interrogate the corresponding STU to determine

the reason for the loss of the low tone signal.

Brief Description of Drawings

For further details, reference is made to the
discussion which follows, in light of the accompanying drawings

wherein:
Figure 1 is an over-all system block diagram of an

embodiment of the invention;
Figqure 2 is a block diagram of a scanner forming poart

of the embodiment of Figure 1; and
Fiqure 3 is a block diagram of a subscriber terminal

unit (or STU) forming part of the embodiment of Figure 1.
The same reference numerals designate similar elements

in the different figures.

Best Mode of Carring Out the Invention

Referring to Figure 1, this shows a telephone network
10 which, 1in i1tself, is entirely conventional in all respects.
Indeed it is one of the features of the present invention that

g
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it can be practiced usingra conventional telephone network,
without interfering with its operation in the slightest.

This network 10, which is shown in highly simplified
form in Figure 1, includes a plurality of subscriber telephone
handsets, tespectively designated by reference numerals 11, 12
and 13. Each of these handéets 1s connected to its own local
telephone line, or loop. These are respectively designated
byreference numerals 14, 15 and 16. These local lines, 1n
turn, all lead to a switching system 17, normally located at
the telephone central office. All of these elements of the
system may take essentially any conventional form. The
subscriber handsets 11, 12, 13 may be of the dial or pushbutton
variety. The central office switch 17 may be of the rotary, or
cross-bar, or even fully electronic variety. The local lines
14, 15, 16 may also be of any conventional variety, including
repeaters, equalizers, etc., as appropriate, provided only they
are capable of pa551ng'the low tone signals.

In accordance with the present invention, the system
of Figure 1 further includes a scanner 18. This scanner 1s
prefrably physically located at some point at which it can
conveniently be connected to the various individual subscriber
lines. This may be at the central office, where the switching
equionent 17 1s also located. 1In Figure 1, connections 19, 20
and 21 are shown between the scanner 18 and the respective
lines 14, 15 and 16. Further 1in accordance with the present
invention, at each individual subscriber location, there 1is
provided a separate subscriber terminal unit, abbteviated as
STU, respectively designated by reference numerals 22, 23 and
24,

Attention is invited to the fact that equipment for
only three subscribers is shown.in Figure 1. However, it
should be understood that this 1is oniy for simplicity of
ijllustration. The invention is intended to be used with larger
numbers of subscribers, in which case the handsets, the -

connections and the STUs would all be correspondingly increased
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in numbers. This is symbolically indicated in Figure 1 by
widespaces bridged by broken lines, between all the foregoing
elements of the overall system.

Turning now to Figure 2, which shows the "innards" of
the scanner 18, these include first, second and third
multiplexers 25, 26 and 27. These are all time-division
multiplexers which, in conventional manner, select the signals
on different ones of connections 19, 20 and 21 at different
times, and transmit the so-selected signals to their respective
outputs. Moreover, multiplexer 25 1s a two-way device, which
is also capable of distributing selectively, at different
times, to the different connections 19, 20 and 21, signals
supplied to the other "end" of this multiplexer 25. Thus,
ei1ther end of nmultiplexer 25 can serve as input and output, as
appropriate. The multiplexer 25 1is connected to a transmit-
receive switch 28 (also abbreviated as T/R switch). The
portion of T/R°switch 28 which operates in the receive mode 1in
turn supplies signals from multiplexer 25 to demodulator 29 for
frequency-shift keyed (abbreviated as FSK) signals. The
portion of T/R switch 28 which operates in the transmit mode
receives its input signal (to be transmitted) from a modulator
30 for FSK signals.

In turn, demodulator 29 supplies 1ts output signals to
system controller 31, and modulator 30 receives 1ts 1input
signals form the same controller 31.

As for multiplexers 26 and 27, these supply their
respective output signals to different filters 32, 33. In
turn, filter 32 supplies 1ts output signals to detector 34,
while filter 33 supplies 1its output signals to detector 35.
Both of these detectors ultimately supply their output signals
to the same system controller 31 which was previously mentioned.

Because of the interlocking relationship between the
overations of the various elements of scanner 10 which are
shown in Figure 2, and elements of each STU 22, 23 and 24 (see

rigure 1), 1t 1is pelieved necessary to describe the latter in
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further detail before dealing more fully with the operational

characteristics of either. To that end, reference is now made
to Fiqure 3, which shows the "innards" of STU 22. It will be
undrstood that all STUs may be substantially 1dentical in
construction so that the description>of STU 22 presented herein
would apply equally to STUs 23 and 24, and to any additional
g™]s symbolized bv the dashed lines betwean STU 23 and STU 24
in Figure 1. '

This STJ 22 (Figure 3) 1is connected to line 14, which
also connects subscriber handset 11 to the network switch 17
and to scanner 18.

Signals received from line 14 are supplied within STU
22 to a filter 36, the output signal from that filter being
supplied to a demodulator 37 for frequency-shift keyed signals.

Supplied to line 14 are signals from a modulator 38
for frequency-shift keyed signals.

Also supplied to line 14 are signals from a signal
generator 39. .

In turn, the output signals fron demodulator 37 are
supplied to signal processing circuitry 40.

Signal sources 41, 42 and 43 1n Figure 3 represent
electrical signal outputs from corresponding instrumentalities
{not shown) which are located at the same premises as the STU
22 and handset 11, and which are intended to be under the
surveillance of that system which embodies the present
invention. |

For example, signal source 41 may be a relay which
closes and thereby establishes an electrical signal path
whenever a fire alarm device at the subscriber's premises
senses an alarm condition. By the same token, signal source 42
may be a reiay which operates similarly when a burglar alarm 1is
activated, and signal source 43 may function similarly in case
of 1nterruptlons in a temperature control system.

Proceeding now to the operational characterlstlcs of

the elements described above, 1t 1s desired to point out first
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that there is what might be called a "closed-loop" relationship

between the scanner 18 and each STU 22, 23 and 24. That 1is,
the scanner produces signals which are transmitted to the STU,
which reponds thereto to transmit signals back to the scanner,
and so on in back-and-forth, or closed-loop relationship.

For description here, let us therefore initially break
into the closed loop at that output from system controller 31
which is connected to FSK modulator 30 (Figure 2). This system
controller is constructed so as to recurrently produce at that
output FSK modulating signals in a predetermined pattern. This
pattern is such that the STUs 22, 23, 24 forming part of the
overall system respond to it to p:OV1de, in turn, certain
outout signals as described hereinafter. The FSK modulator
30responds by producing an FSK-modulated equivalent of the
signals from controller 31. The two carrier frequencies used
are preferably in the vicinity of 2,700 and 2,900 Hz, i.e. near
the upper end of the band of frequencies passed by a typical
local telephone line.

- These FSX-modulated signals from modulator 30 then
pass through T/R switch 28 to multiplexer 25. There, control
signals are also applied from system controller 31, 1in such
time coordination with the signals from FSK modulator 30, that
the latter are channeled to one or another of connections 19,
20 and 21, depending upon which one of STUs 22, 23 or 24 1s the
intended destination of these signals from ¥SK modulator 30 at
that time.

Assuming that the intended destination for a
particular signal train is STU 22, then multiplexer 25 supplies
that train to connection 19, whence 1t reaches STU 22 via
telephone line 14. Note that the sanme signal train also
reaches handset 11 via line 14. More will be said about this
later.

Upon reaching ST 22, and referring now to Figure 3,
the signal train described above is demodulatéd in FSK
demodulator 37, after passage through filter 36, which 1is
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preferably a band-pass filter constructed to selectively

transmit the band of frequencies occupied by the two FSK
carrier frequencies (e.g. the 2,700 to 2,900 Hz band). At the
output of demodulator 37, there are therefore reconstructed the
modulating signals originally provided by controller 31 (Figure
3). These reconstructed signals are supplied to signal
processor 40 within STU 22.

This processor 40 is so constructed as to respond to
the above-mentioned signals to generate a train of modulating
 signals which are in turn supplied to FSX modulator 38, where
they produce a corresponding train of FSK-modulated signals,
preferably at the same carrier frequencies as those received
from scanner 18. This train of FSK-modulated signals returns
to that scanner via line 14 and connection 19. In passing, it
is noted that this response signal train of course also reaches
handset 11.

At the scanner, the multlpiexer 25 1s activated by
controller 31 in time coordination with the expected arrival of
this responsive signal train from STU 22 so as to pass signals
on connection 19 to the FSK demodulator 29, via the receive
portion of T/R switch 28. Demodulator 29 recovers the signals
which had been used to modulate the FSK signals at the STU 22
and supplies same to system controller 3l.

Reverting now to STU 22 (Figure 3), the modulating
signals produced by signal processor 40 provide information
about the state of the signal sources 41, 42 and 43. For
example, if at STU 22 there are present no relay closures
denoﬁing alarm states of the various instrumentalities under
“surveillance,” then one predetermined pattern of modulating
signals 1s produced by processor 40, If one or more relay
closures are present, then correspondingly different patterns
are produced, and the (demodulated) signals which ultimately
reach the controller 31 from STU 22 are also different. The
system controller 31 responds to the paricular pattern of

signals received in a particular way. For example, if a
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pattern of signals is received which indicates that there 1s an

alarm state at signal source 41 of STU 22 (Figure 3), the
system controller 31 provides a corresponding alarm signal to
any desired indicator. For example, this may be an indicator
at the fire department which is 1in charge of the subscriber's
premises at which the STU 22 is located. Such uses of the
signal pattern received from each STU are conventional, 1n
themselves, and may take any of numerous forms, without
affecting those aspects of the overall system which constitute
the present invention. The means for accomplishing these uses
are therefore not further described or illustrated herein.
Attention is now again directed to the fact, previously

noted, that the FSX signals passing back and forth between
scanner 18 and any given STU also reach the telepohone handset
with which that STU 1s associated. This is not a problem, so
long as the telephone is on-hook, since these FSK signals
remain unnoticed by the subscriber during such on-hook
condltiqns: Not so during off-hook conditions. The FSK
signals are within the audible frequency range, They
thereforeare heard by the subscriber when trying to use the
telnhone for normal communication purposes. This 1s gquite
disturbing, especially since these FSK signals are
intentionally caused to recur at freguent intervals, in order
to provide indications of the state of the instrumentalities
under surveillance which are relatively up-to-date. Moreover,
even 1f the audible effect of these FSK signals were considered
acceptable by the subscriber, they would still in many
instances contravene telephone company and/or governmental
requlations, which prohibit the introduction of such extraneous
audible signals into the network during of f-hook conditions.

Tn accordance with the present invention, this matter
1s dealt with as follows.

The generator 39 which 1s provided at each STU (Figure
3) 1s constructed so as to produce a signal at a frequency
substantially below the audible frequency range. For example,
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this generator 39 may be capable of producing a signal of

approximately 25Hz frequency. It is because of its operation
at such arlow frequency that generator 39 1is referred to as a
"low tone"™ generator.

The generator 39 does not operate continuously.
Rather it 1s controlled by signal processor 40 so as to be in
one or the other of two states. So long as the signal sources
41, 42 and 43 are all in their non-alarm state, the signal
processor 40 causes the low tone generator 39 to produce 1its
low freguency output signal, which thereupon reaches the
scanner 18 via telephone llnerl4 and connection 19, 1In
contrast, whenever any one or more of signal sources 41, 42 or
43 is in an alarm state, then signal processot 40 causes the
low tone generator 39 to stop producing its low frequency
output signal. This low frequency signal therefore also ceases
to reach scanner 18. As previously indicated, each STU 1is
equipped 1n substantially similar manner as the STU 22 which is
shown specifically in Figure 3, and operates 1in substantially
the same way. .

At that scanner 18, multiplexers 26 and 27 are
energized by system controller 31 so as to sequentially
samplethe signals appearing on connections 19, 20 and 21,
respectively.

From multiplexer 26, a signal representing, in
recurrent sequence, the hook condition of the different
handsets 11, 12 and 13 is derived via filter 32 and hook
detector 34, and supplied to system controller 31.

- From multiplexer 27, a signal representing, also in
recurrent sequence, the presence or absence of the low
frequency signals from the different low tone generatotrs of
STUs 22, 23 and 24 is derived via filter 33, and supplied to
system controller 31.

Observe now what happens during each of four possible
situations prevailing at any given STU, e.g. STU 22 of Figure 3.
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One possible situation 1is that the telephone handset
11 associated with STU 22 is on-hook, and no alarm condition
prevails at STU 22. The on-hook condition is sensed at scannet
18 and the output from FSK modulator 30 is periodically
supplied to that STU 22, which responds with a non-alarm output
from its FSK modulator 38. This is detected by FSK demodulator
29 and system controller 31 takes no alarm action, but simply
continues the periodic sampling of the connection to this STU
both for continued on-hook signal and for continued non-alarm
FSK signals.

A second possible situation is that the telephone
handset 11 is still on-hook, but an alarm condition prevails at
g7 22. The on-hook condition 1is still sensed at scanner 18
and the output from FSK modulator 30 1s st1ll supplied
periodically to that STU 22. However, the STU now responds
with an alarm signal from its FSK modulator 38, This 1is
detected by FSK demodulator 29, and system controller 31 takes
the appropriate alarm actlon, as previously described.

A third situation 1s that the telephone handset 11 1Se
off-hook, and that there 1s no alarm condition at STU 22. This
off-hook condition is now sensed at scannet 18, which thereupon
does not supply output signals from FSK modulator 30 to STU 22
for the duration of this third situation, orovided the scannet
18 also senses a low tone signal received from the same STU. It
w1ll he recalled that a low tone from generator 39 1s produced
when no alarm condition prevails.

The fourth situation i1s that the telephone handset 11
is again off-hook, but that there is at least one alarm
condition at ST 22. The off-hook condition at STU 22 1s again
sensed at scanner 18, but so is the absence of the low tone
signal from that same STU. Under these circumstances, the
scanner 18 does supply output signals from FSK modulator 30 to
gTy 22, of the same type as it would have supplied had the
handset 11 been on-hook, rather than off-hook. This will, of
course, cause a reply from STU 22, 1n the form of FSK modulated
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signals from its modulator 38, which will 1in turn be detected
at scanner 18,'and used to produce the desired alarm response.

, It will now be recognized that, so long as there 1s no
alarm condition at the STU, there will be no signal in the
audible range from the operation of the present invention while
the associated handset is in use by the subscriper. This
satisfies the subscriber's desires-and also complies with
regulations. On the other hand, when there is an alarm
condition, there will be such audible signals, even when the
handset is in use, in the form of the FSK modulated signals
travelling back and forth between scannet location and
subscriber premises. However, during alarm conditions, the
presence of such audible signals 1s not only permitted by
requlations, but 1s also affirmatively desirable from the
subscriber's standpoint,rsince 1t provides prompt warning to
the subscriber that an alarm condition has arisen.

It will also be understood that, by means of the
multiplexers 25, 26 and 27 in scanner 18 (Figure 2), the same
treatment which 1s accorded to STU 22 1s also accorded to STUs
23 and 24, in recurring éequence. That 1s, first the scanner
18 is connected so that 1t interacts with STY 22 in the manner
described above, then 1t 1is connected with STU 23 for the
equivalent purpose, then with STU 24, and so forth in recurring
sequence. ' 7 ,

Moreover, if there are more than three STUs -- which
will normally be the case in any practical application -- these
are all treated in recurrent sequence 1n the manner described
above for the single STU 22.

A number of additional observations about the present
invention are believed to be in order.

' A particularly "happy" combination of interacting
features is believed to be provided by relying primarily upon
the high-frequency end of the audible range for on-hook alarm
reporting purposes, while relying upon a sub~audible signal for
initial off-hook alarm reporting purposes.
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Jse of the high-frequency end makes a relatively high

data rate possible, which means that relatively detailed
information about the instrumentalities under surveillance can
be obtained, and also that this can be repeated frequently, and
relatively many STUs can be accommodated by the system., Use of
the sub-audio end makes i1t possible to speak without inter-
ference during the (presumably overwhelming) majority of the
times when no alarm is present. Yet, by shifting from
sub-audio to high frequency, the desired detailed information
can be obtained when needed, 1i.e. when an alarm condition
arises, even during of f~hook -periods.

It will also be noted that low tone provides
redundancy for the alarm function of the system during on-hook
conditions. During that condition, low tone continues to be
transmitted from each ST to the scanner, SO long as no alarm
1s present at the STU. Any low tone interruption during
on-hook conditions is also sensed by the scanner, and provides
what might be called a "coarse” back-up alarm indication for
the more detailed one which 1s normally provided by the

FSk-modulated reply from the STU.
Moreover, the alarm indication during off-hook periods

1s fail-safe, since 1t 18 the disappearance of the low tone
si1qnal which indicates an alarm condition. Thus, failure of
equipment in the STU will cause a pseudo-alarm indication

conducive to prompt correction.
In a preferred embodiment of the invention, there 1s

one other occasion, in addition to that described above, when a
particular STU has the FSK modulated signal train from
scannerl8 transmitted to 1t, even though 1t 1s not that STUs
regular turn, in recurrent sequence. '

That occasion is the return from off-hook to on-hook
status of 1ts associated telephone handset.

It will be recalled that the hook status is detected
for esach STH at the scanner 18. When a change from off-hook to
on-hook status is thus detected, the STU at that subscriber's
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premises is preferably made the next one to receive the
psk-modulated signal from the scanner, and therefore also the
next one to provide its FSK modulated reply. The reason for
this is that only non-detailed information about the status of
Lthe instrumentalities at that location had been available
Zduring the preceding off-hook period, and it is deemed
desirable to up-date this without delay once the off-hook
condition no longer prevails.

7 Another highly desirable feature of the invention is
that the individual components of the overall system can take
any one of a number of known forms.

Thus, all of the elements of the scanner 18 (Figure 2)
may be of known form, and so may all the elements of the STU 22
(Figure 3).

Considering first the scanner 18, it will be
recognized that the multiplexers 25, 26 and 27 may be of known
construction. The filters 32 and 33 may be of known form, -
suitable for selecting the particular frequencies desired to be
passed on to the hook detector 34 and low tone detector 35,
respectively. These detectors, themselves, may also be of
known form, the hook detector 34 being a conventional part of
telephone systems, and the low tone detector 35 being a
detector of the presence of absence of the 25 Hz low tone
signal. The T/R switch 28 may be of known forms, and the
system controller 31 may include any known circuitry capable of
providing the straightforward sensing and responsive control
functions which have been described. Thus, system controller
31 may comprise a conventional source of timing signals, from
which are derived the sequential operating signals for the
multiplexers 25, 26 and 27. Also driven by signals derived
from the timing signals may be sources, such as shift
registers, of the trains of modulating signals for FSK
modulator 30. AND gate circuitry may be used to ‘detect the
simultaneous presence of off-hook detected signals and low toné

detected signals. Such detection 1s used by conventional
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circuitry to inhibit signals to the FSK modulator 30.
Conversely, the non-detection of these simultaneous signals
causes the transmission of such signals to the FSK modulator.

Considering next the STU 22, the FSK demodulator 37
and the FSX modulator 38 may again be of any known form, as
also the filter 36 which precedes the demddulator 37. The low
tone generator may also be of any known form capable of
producing the desired 25 Hz signals when energized. The signal
sources may be simple relay circuits operated by the respective
alarms, and the signal processor may be any known form of
di1gital logic, or of microprocessor circuitry programmed in
conventional manner to elicit the appropriate timed signal
responses, as previously described.

The telephone system itself 1s completely unaffected
by the invention. MNO added filtering 1is required 1in the
telephone system; 1in particular there is no leakage of low tone
signals from one side of the network switch 17 to the other
because the network switch contains adequate filtering for
other reasons, namely to isolate different levels of DC on
opposite sides of the switch,

Wwhen the system embodying the present invention 1s
used, not to signal an alarm, as such, but rather other states
0of equipnment at a telephone subscriber's premises, such as
meter readings, meteorological measurements, etc., then low
tone may be used to indicate that all the measuring instruments
are continuing to work, even while the telephone handset 1is
of f-hook. During on-hook periods, the signals from any given
STU can then supply the more detailed data desired concerning
the equipment.

The system i1llustrated in Figures 1, 2, and 3 can Dbe
operated in a second way. Instead of starting the surveillance
nrocedure by transmitting interrogation signals and receiving
responses, scanner 18 can be arranged to sense the presence oL
absence of the low tone signals and only upon loss of the low
tone signal from a particular STU interrogate that STU to
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determine the reason for the loss of the low tone signal. 1In
this operating mode, the low tone signals provide the initial
indications of the states of the instrumentalities. So long as
the low tone signal 1s being received by the scanner from a
particular STU, the scanner does not interrogate that STU
because the presence of the low tone signal is an indication
that the STU need not be interrogated {i.2. all the
instrumentalities connected to the STU are 1in a "no alarm"
condition). Upon loss of the low tone SLgnal,’the scanner
senses a changes 2nd transmits interrogation signals to the
particular STU to determine the reason for the loss of the low
tone signal, which 1s 1indicated by the response signals
transmitted from the STU.

It will be understood that various modifications will
occur to those skilled in the art without departing from the
1nventive concepnt, whose scope it 1s desired to define only by

the appended claims.
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1. A systenm for providing comnunication between a.
central location and instrumentalities other than a
conventional telephone located at the premises of telephone

network subscribers, said system comprising:

means at said premises and connected to
telephones 1n said network for transmitting to said central
jocation a signal at a frequency below the audible range from
each of sai1d premises when the instrumentalities at the

premnises are in one predetermined state;

means at said premises responsive to at least one
1nstrumentality being 1in another predetermined state for
interrupting the transmission of said below-audible-range
signal fronm a given premises when at least one instrumentality

at said given premises changes to said arother predetermined

state; .

means at said central location for sensing
interruption of said below-audible-range signal transmitted

from said given subscriber premises;

means at said central location responsive to said
sensing neans for transmitting interrogation signals in the
audible telephone frequency range to said given subscriber
premises when said sensing means sense an interruption of said
below-audible-range signal transmitted from said given

subscriber premises;

and means at said premlses responsive to said
interrogation signal for retransmitting to said central
location resoonse signals in the audible telephone frequency

range and of characteristics indicative of the state of the

instrunmentalities at saild premises.
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2. The system of claim 1 wherein the interrogation
signal are FSK modulated signals 1in the upper portion of the

audible range.

3. The system of claim 2 wherein the response signals
also are PSK modulated signalsz in the upper portion of the

audible range.

4. The system of claim 3 wherein the FSK carrier

frequencies are in the vicinity of 2700 and 2900 Hz.

5. The system of claim !} wherein the pelow-audible-
range signal is at a frequency substantially below the audible

frequency range.

6. The system of claim 5 wherein the below-audible-

range signal is at a frequency of approximately 25 Hz..

7. A system for signalling, through a telephone
network, the condition of an instrumentality located at the
premises of subscribers to said telephons network, said system

comprising:

‘ (a) a plurality of terminals connected to a
plurality of telephones 1in said network, each terminal

connected to a telephone and having:

(1) means for receiving, from an
instrumentality at the premises of the
telephone to which said terminal 1s
connected, condition signals
representative of the condition of said
instrumentality;

(2) means responsive to said condition
signals for transmitting, through said

telephone network from said terminal to

T
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a central location, a low-tone signal at
a frequency below the audible range when
said instrumentality 1s 1n a predetermined
condition and for interrupting transmission
of said low-tone signal when said instru-
mentality changes to a second condition;

and

(3) means responsive to lnterrogation
signals transmitted through said
telephone network for transmitting,
through said telephone network, response
signals in the audible telephone
frequency range and of characteristics
indicative of the state of said

instrumentality;

(b) and a scanner connected to sa1d telephone

network at said central location and having:

(1) means for sensing interruption of said
low-tone signal from a terminal at a

given premises;

(2) means responsive to said sensing means for
transmitting, through said telephone
network, 1interrogation signals 1n the
audible telephone frequency range
to said terminal at said given premises
when said low-tone signai from said
terminal at said given prenises 1s

interrupted; and
(3) means for receiving said response signals.

8. A system according to claim 7 wherein the
1nterrogation signals are FSK modulated signals in the upper

portion of the audible range.
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9. A system according to claim 8 wherein the response

signals also are FSK modulated signals in the upper portion of
the audible range,

16. A system according to claim 9 wherein the FSK
carrier frequencies are in the vicinity of 2780 and 2900 Hz.

11, & system according to claim ~ whar=21in the
low-tone signal 1is at a frequency substanti1ally below the

audible freguency tange.

12. A system according to claim 11 wherein the

low-tone signal is at a frequency of approximateiy 25 Hz,.

13. A system for signalling, through a zelephone
network, the condition of one or more instrumentalities located
at the premises of subcribers to said telephone network, said
system comprising:

4
(a) a plurality of terminals connected to a

plurality of telephones in said network, each terminal
connected to a telephone and having:

(1) means for receiving, from one Oor more
instrumentalities at the prémlses of the
telephohe to which said terminal 1is
connected, condition signals representa-
tive of the conditions of said instrumen-
talities;

(2) means responsive to said condition
‘signals for transmitting, through said
telephone network from said terminal to
a central location, a low-tone signal at
a frequency below the audible range when
said instruméntalitles are 1n a predeter-
mined condition and for interrupting
transmiésion of said low-tone signal when
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at least one instrumentality at a given

premises changes to a second condition;

and

means responsive to interrogation signals
transmitted through said telephone network
for transmitting, through said telephone
network, response signals in the audible
telephone frequency range and of
characteristics indicative of the states
of said instrumentalities at said given

premises;

(b) and a scanner connected to said telephone

network at said central location and having:

(1)

(2)

(3)

means for sensing interruption of said
low-tone signal from a terminal at a

given premises;

means responsive to said sensing means
for transmitting, through said telephone
network, lnterrogation signals 1in the
audible telephone frequency range to said
terminal at said given premises when said
low-tone signal from said terminal at
said given premises 1S interrupted; and

means for receiving said response signals.
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