Apparatus for detecting a busy signal on a tel ephone line The present
i nvention relates to apparatus for the detection of a busy signal on a
t el ephone |ine. Wen a first tel ephone subscriber attenpts to reach a
second tel ephone subscriber who is either engaged or has aCC|dentaIIy

pl aced the tel ephone receiver in an off hook poEL

be generated by t he tel ephone exchange land repor ‘) g; ehep
subscri be rs e ne ubs ri ber | so recelve busy S|gnals
fromthe é@%‘?ﬁ‘%g e‘?&t&u& gép%r'ilw %‘5“8 eht tlgﬁwt""ée ge path exi stlgggeg ween
the telephone |ine conductors connected to the sec nd subscri ber’

t el ephone instrunment. Tel ephone exchanges or tel ephone central offlce Ar e
unable to differentiate between a condition when a current | eakage al ong

t he t el ephlmnerdsemteinyentihuc relatss cormppatid fbo the detestidys of iabbusyssigedl ephane
I nstrument has caused a voltage drop fromthe on-hook tel ephone

telephone line.

When a first telephone subscriber attempts to reach a second telephone subscriber who
is either engaged or has accidentally placed the telephone receiver in an off-hook
position, busy signals will be generated by the telephone exchange and reported to the
first telephone subscriber. The first telephone subscriber will also receive busy signals
from the telephone exchange in the event that a leakage path exists between the
telephone line conductors connected to the second subscriber's telephone instrument.
Telephone exchanges or telephone central offices are unable to differentiate between a
condition when a current leakage along the telephone line conductors connected to the
subscriber's telephone instrument has caused a voltage drop from the on-hook telephone
line voltage to a voltage equivalent to the off-hook telephone line voltage, and a true

telephone receiver-off-hook condition.

When the second telephone subscriber has accidentally placed the telephone receiver in
an off-hook position or when a leakage between the telephone line conductors connected
to the subscriber's telephone instrument has occurred, the same busy signals will be
generated by the telephone exchange and can be detected on the telephone line of said

telephone subscriber.



line voltage to a voltage equivalent to the off-hook tel ephone line
voltage, and a true telephone receiver-off-hook conditjon. When t he

second t el ephone subscriber has accidentally placed t eﬂ.”%e g Qﬁ r Hver
in an off-hook position or when a | eakage between th ) ﬁ@i@”
conductors connected to the subscriber's tel ephone i WL
occurred, the sane busy signals will bg generated by the tel ephone

exchange and can be detected on the tel ephone line of said telephone
subscr i beThe busy signals comprise tones or audio frequency signals which are alternaly turi®d 0 0 2
9 6 - 8 The busy signals conprise tones or audio frequency signals which

are alt er jabsl yrbyrinedicpBneatngide By spebtic RHARAONPoLKARANIS thef sBReC! i ©

durations. For exanple. a busy si gna can conprise of SI nusoi dal
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known as tones hereinafter, al ternatel y turned on and off by the exchange
for dur af%chargedfor A2osHz sinyispidalsignals (when it originates from a digital telephone

exchange), known as tones hereinafter, alternately turned on and off by the exchange for

durations of 0.75 seconds each.

Proposals which serve to detect telephone line conditions including the telephone
receiver-off-hook condition have been proposed but they do not specifically indicate
directly to the telephone line subscriber one of several possible conditions that would
require corrective action. These possibilities include the telephone receiver-off-hook-
and-not-in-use condition and a leakage occuring at the point of connection between the
telephone line and telephone instrument, or in the telephone instrument. When such
conditions remain undetected and corresponding corrective action is not taken, these
conditions may prevent a third party from making successful attempts to reach the

subscriber.

It is an object of the invention to provide an improved apparatus for detecting a busy

signal on a telephone line.

In accordance with the first aspect of the present invention, there is provided an
apparatus connectable to the subscriber end of a telephone line comprising a means for

detecting a busy signal on a telephone line and for comparing a duration of the busy
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Proposal s which serve to detect tel ephone line conditions including the

t el ephone receiver-off-hook condition have been proposed but they do not
specifically indicate directly to the tel ephone Iine subscriber one of
several possible conditions that would require corrective action. These
possibilities include the tel ephone receiver-off-hook- and-not-in-use
condition and a | eakage occurring at the point of connection between the
tel ephone line and tel ephone instrunment, or in the tel ephone instrunent.
When such sigaandia predistermirmidriuinidataad fadeandtingan slaposighagvicarthediratien act i on
I's not taken, these conditions may prevent a third party from nmaking

successf uleyal-he MR Brol @etéBAR HOBtioS URRICIH B8Fm actuable ihSrefdn@DiP e Qhmt he

i nvention to provide an i nproved apparatus for detecting a busy signal on
a telephogﬁ,lfne. In accordance with the first aspect of the present
i nventi on>Here is provi ded an apparatus connectable to the subscriber
end of a telephone |ine conprising: neans arranged to detect a busy signal
on a tel ephone line and to conpare the el apsed duration of the busy signal
since detection to an interval, the interval being selected to

The first aspect of the invention is based on the realisation by the inventor that busy

signals on a telephone line deriving from a subscriber dialing an engaged number and
busy signals indicating a condition requiring correction action may be distinguished in
most cases by the duration of the busy signal, since if a subscriber dials an engaged

number, the subscriber will replace the telephone handset after only a few seconds.

Preferably, the busy signal detecting means comprises a phase lock loop means for
detecting a standard tone of a busy signal and generating a logic output indicating
presence or absence of the tone. It is also preferred that the alarm comprises at least

one of an audible or visual indicator.

In accordance with the second aspect of the present invention, there is provided an
apparatus connectable to the subscriber end of a telephone line for detection of a busy
signal on a telephone line comprising a power supply circuit, an alarm circuit for
generating an alarm signal in response to said busy signal, a power circuit including

means for detecting a telephone line off-hook condition and for supplying power to the

alarm circuit in response to said detection. THIS SHEET HAS BEEN
REPLACED
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3 distinguish busy signals which indicate a condition requiring corrective
action fromthose which do not and to generate an al arm signal when the
duration exceeds the interval; and an aIarn1actquL§mJ re nse to the
al arm si gnal . The first aspect of the inventi ‘”TH'I§ Shgg'pqimgrggme
realisation by the inventor that busy signals on eﬁgqp&g l'i nej deriving
froma subscriber dialling an engaged nunber and cating a
condition requiring corrective action nmay be distinguished in nobst cases

by the durﬁkis@&rﬂfasﬁé& ob)in®dridalallows ﬂﬁ%pf)iraﬁls$dlb§§d’lf§kﬁﬁer9d ahdtogdvRprgaged
nunber, the subscriber will replace the tel ephone handset after only a few

seconds detecting nmeans conprises a phase
| ock | oop ul?egﬂgf‘@ et yertletecgfsaﬁ“ﬁ)yo?%lgﬂ ard tone of a busy signal and

generating a | ogic output |nd|cat|ng presence or absence of the tone. It
Is also preferred that the alarm conprises at |east one of an audible or

vi sual indicator. o ) )
Preferably, the power supply circuit comprises a linear voltage regulator for providing

regulated DC voltage supply, and a pair of MOSFETSs configured as a source current

switch for the micropower linear voltage regulator.

In accordance with the third aspect of the present invention, there is provided an
apparatus connectable to the subscriber end of a telephone line comprising a tone
detector, a controller responsive to the tone detector for identifying a detected tone as
a busy signal, comparing the duration of the busy signal to a pre-determined duration
and generating an alarm signal when the duration of the busy signal exceeds the pre-
determined duration, an alarm actuable in response to the alarm signal, and a power
supply circuit including means for detecting a telephone line off hook condition and for

supplying power to the detector, controller and alarm in response to said detection.

A preferred embodiment of the invention will now be described, by way of example,

with reference to the accompanying drawings, in which :
Figure 1 is a block diagram of the preferred embodiment of the invention.

Figure 2 is a flow chart of the controller algorithm of the embodiment of Figure 1.
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I n accordance with the second aspect of the present invention, there is
provi ded an apparatus connectable to the subscriber end of a tel ephone
line for detection of a busy signal on a tel ephone line conprising: a
power supply circuit, an alarmcircuit arranged to generate an al arm si gnal
In response to the duration of said busy signal exceeding an interval
Indicating a fault condition, a powerscircuit including neans for
detecting a tel ephone line off-hook condition and ibr supplying power to

t he al ar magiréfettiell ebod s apparattfifeh ddaicend b ®dsy signal on a telephone line is
4 The second aspect of the invention allows the apparatus to be self

power ed aﬁﬁst%%e&%‘@ﬁ%uré'ﬁ YortfH5s bitbridge NEGERE A Yﬁlefr@&if?e‘?q{e | A8ced in

Preferably, e power supply circuit conprises a near voltage regul ator
cont | gur el ALl 1 et Ariren o B Rao (RO TR R R NG e Res s 1 age
regulat Orénd 3, an AC decoupler 13, a telephone line DC voltage level detecting circuit 5, a DC
voltage regulator 6, a switching circuit 7 placed in series with the current return path of
the DC voltage regulator 6, a DC decoupler 12, a telephone line tone detector 8, a

supply switching circuit 9 placed in series with the power supply path to the telephone

line tone detector 8, a controller 10, and a fault indicator 19.

The apparatus performs a first function to derive a DC voltage from the telephone line
to provide electrical power to the apparatus upon detection of telephone receiver-off-
hook condition, a second function to detect tones on the telephone line connected to the
telephone instrument, and a third function to determine telephone receiver-off-hook-and-
not-in-use condition (or a leakage occuring at the connection between the telephone line
and the telephone instrument, or in the telephone instrumept) and indicate to the

telephone subscriber by an alarm.

Referring to the first function of the described embodiment of the present invention to
derive a DC voltage from the telephone line to provide electrical power to the apparatus
upon detection of telephone receiver-off-hook condition, the telephone line DC voltage
level detecting circuit 5, DC voltage regulator 6 and switching circuit 7 will be
described with reference to an operation to switch the power supply when the telephone

receiver-on-hook and off-hook conditions are detected.



I n accordance with the third aspect of the present invention, there is
provi ded an apparatus connectable to the subscriber end of a tel ephone
line conprising: a tone detector; a controller arranged to be responsive
to the tone detector to identify a detected tone as a busy signal, conpare
the duration of the busy signal to an interval, the interval being

sel ected to distinguish busy signals wgich indicate a condition requiring
corrective action fromthose which do not and to generate an al arm si gnal
when t he Asskdvwoin Bfgutdié, thadyidgs iremidier dxeileppedrhia pardliet wath;the aiP al awim
actuable in response to the alarmsignal; and a power supply circuit

i ncl udi ngRIEENSWIrEY ok Q6IEpihedinee IR REA S LibAfcATdranskeiOMEIDE Qbltagand for
supplying power to the detector, controller and alarmin response to said

det ecti on, referyed. ' t _.of aventi.on. wild .now be ..
describedweﬁvmédﬁI%Pgéﬁd%gfggggagﬁ%oﬁgy%&gﬁggpr&”ﬁﬁgq%@é&hﬁ%ﬁj?ﬁﬁdﬁgamdngs,
in which: Figure 1.is a block,diagramof the preferred_enbodi nent of the

i nvent i or@n eleftggalereference grovngindgagnderys of; the pekstties of &he %1% drand BN 3t he
enbodi nent of Figure 1.
conductors which are controlled by the telephone exchange. The DC voltage level at
node 14 will fluctuate due to the various on-hook and off-hook conditions of the
telephone line, and this will be detected by the telephone line DC voltage level detecting
circuit 5. Typically, the on-hook telephone line voltage is greater than 30 V (usually
measured at 44 V) while the off-hook telephone line voltage is less than 20 V (usually

measured at 10 V, although the current consumption of the connected telephone

instrument may cause the voltage to vary).

The telephone line DC voltage level detecting circuit 5, which for example includes a
low voltage sensing chip, preferably ICL MC34164, will have a first DC voltage level
threshold set at 30 V and a second DC voltage level threshold set at 20 V. Upon
sensing a voltage change at node 14 that has resulted in the voltage level crossing the
first and second DC voltage level thresholds consecutively, a change from on-hook
condition to off-hook condition is detected. Alternatively, a voltage change that has
resulted in the voltage level crossing the second DC voltage level threshold, and then
the first DC voltage level threshold, means that a change from off-hook condition to on-

hook condition has occurred.



5 A preferred enbodi nent of apparatus for detecting a busy signal on a

tel ephone line is illustrated in Figure 1 and conprises a bridge rectifier
4, the rectifier being placed in parallel with tel ephone instrunent |
connected to the TIP and RING tel ephone lines 2 and 3, an AC decoupler 13,
a telephone |line DC voltage |evel detecting circuit 5, a DC voltage
regulator 6, a switching circuit 7 pladbd In series with the current return

path of the DC voltage regulator 6, a DC decoupler 12, a telephone |line
tone det edinon deteching &y ehgnge &pm errhagk eenditinnt togofirhaele gonditiens the telegihone t he
power supply path to the tel ephone 1line tone detector 8, a controller 10,

and a f aullineiDCivoRigerletd.detectii eirafiphméll usnspuehdly chargef the statef efcédndmodl t 0
derive a DC voltage fromthe tel ephone line to provide electrical power to

the appar %fgtr\ﬁl YROMnI g R eGt bWitciihe tcﬁbﬁphonw@ﬁﬂ V&;c&fﬁ whmpkorc&fh%ﬁltom
second function to detect tones on the tel ephone i ne connected to the

telephonelnstru n |rdf otlont f er ph
recei ver - cP?lpHsesk ggl’r o%%lO%Fktf's arrang Ina conf%ura%on tmltnf%nctlons s a current

switch, is connected in series with the current return path of the DC voltage regulator
6, ie, the connection between line 15 and the reference ground of the DC voltage
regulator 6. In the case that the DC voltage level at node 14 is greater than 30 V, or
the telephone instrument is on-hook, switching circuit 7 will remain in a non-conducting
state due to a first control signal on line 18. This means that the DC voltage regulator
6, which for example comprises a micropower linear voltage regulator, preferably
ICL7663, is not referenced, or is floating, because the source current drawn from node
14 via AC decoupler 13 cannot be returned to line 15. The DC voltage regulator 6 is
therefore functionally disabled and cannot provide a regulated supply, via supply rail 16,
to power the other functional circuitries of the apparatus described hereinabove. In the
event that the DC voltage level at node 14 is less than 20 V, or the telephone instrument
is off-hook, switching circuit 7 will remain in a conducting state due to a second control
signal on line 18. A regulated voltage supply would then be readily available on supply

rail 16 to power the telephone line tone detector 8 and controller 10.

Referring to the second function of the described embodiment of the present invention
to detect tones on the telephone line connected to the telephone instrument, the mode
of operation of telephone line tone detector 8 will be described hereunder. The

telephone line tone detector 8 and controller 10 will be activated by the power-up action,



not-in-use condition (or a | eakage occuring at the connection between the
tel ephone line and the tel ephone instrunment, or in the tel ephone
instrunment) and indicate to the telephone subscriber by an alarm
Referring to the first function of the described enbodi mrent of the present
I nvention to derive a DC voltage fromthe tel ephone |ine to provide

el ectrical power to the apparatus uponsdetection of tel ephone

recei ver-aff-hook condition, th? tel ephgne |line DC voltage |evel detecting
circuit 5% V8Y f’éﬁ’&e‘?@&ﬂl%&t%‘? BOWFR '%ﬁ]etSHHPIMda‘é il ¢ &gm D gltage regulator
described with reference to an operation to switch the power supply when

t he t el epHo¥ron degaetipy of tedgphRpoteceiner-offhodloetnditiondilnitintsleph@edetebetr-edi-

6 As shown in Figure 1, the bridge rectifier 4 will appear in parallel
with the THoBk ZoaditionRihbGelBphareeineabns detetter 8pWhita dohtpises £ phase Nodkoop

el ectrical arrangenent, the DC voltage neasured at node 14 will al ways be

positive Webite! Ri1PFRANGE-hELK ACSidmis fr&Hsthé)fe‘i’éf)ihgh@ﬂne via bridge rectifier 4 and

DC decoupler 12. Using known phase lock loop techniques, the telephone line tone
detector 8 is preset to detect standard tone frequencies of busy signals, and will test
telephone receiver-off-hook AC signals and report to controller 10 the presence of any
tones. Since busy signals consist of tones alternately turned on and off for specific
durations, the telephone line tone detector 8 will therefore output data consisting of logic
Os (tones present) and logic s (tones not present) with corresponding timing conditions
via line 17 to controller 10. In the event that busy signals are reported by the telephone
exchange and controller 10 has successfully determined that the condition is telephone
receiver-off-hook-and-not-in-use (or a leakage occuring at the connection between the
telephone line and the telephone instrument, or in the telephone instrument), the
telephone line tone detector 8 will subsequently be deactivated by controller 10 by the
power-down action, ie, the switching of the supply switching circuit 9 to non-conducting

state, to minimise the total current consumption of the apparatus.

' Referring to the third function of the described embodiment of the present invention to
determine receiver-off-hook-and-not-in-use condition (or a leakage occuring at the
connection between the telephone line and the telephone instrument, or in the telephone
instrument) and indicate to the telephone subscriber by an alarm, controller 10 is

described hereunder with the aid of a flow chart as illustrated in Figure 2. The



an electrical reference ground i ndependent of the polarities of the TIP 2
and RING 3 conductors which are controlled by the tel ephone exchange. The
DC voltage level at node 14 will fluctuate due to the various on-hook and
of f-hook conditions of the telephone |ine, and this will be detected by

t he tel ephone line DC voltage | evel detecting circuit 5. Typically, the
on- hook tel ephone line voltage is grea?er than 30 V (usually neasured at

44 V) whi t he of f-hook tel ephpne line voltage is, .l.ess than 20 V (usually

reasur e THOYEATe PRRBHOL EPEOR BHEV BT IR CORILPRS Rt CohRise el

tel ephone instrunent nmay cause the voltage to vary). The tel ephone line
DC vol t ageweewp|ofdontretiemif, ovheraiiit 5, which for exanple includes a |ow

vol tage sensing chip, preferably ICL MC34164, will have a first DC voltage

| evel threshold set at 30 V and a second DC voltage | evel threshold set at
20 V. Upon sensing a voltage change at node 14 that has resulted in the

vol tage Igvel teregﬁﬂienalbga@oerfdianssgut%q REERN G pURY  §OGcd o 4, dnir eshol ds

consecutively, a change from on-hook condition to off-hook condition is
detected. Al tecronatlilvieajlt g a vol tage change that has resulted in the voltage
| evel crossing THEYEETEHd DC vol tage | evel threshold, and then the first

DC voltage | evel threshold, neans that a change from_of f-hook condition to
on- hookd)condeierhone, gebssrbsiy ¢ialg out and receives busy signals from the telephone

exchange,

3) telephone subscriber accidentally or deliberately places the receiver in a continual
off-hook position,

4) telephone subscriber accidentally or deliberately places the receiver in a continual
off-hook position and the handset picks up high levels of background noise,

5) current leakage occuring at connection between the telephone line and the
telephone instrument 1,

6) current leakage occurring in telephone instrument 1.

Controller 10, comprising a microcontroller with embedded proprietary program codes,
will perform tasks to test the telephone line and the connected telephone instrument 1,
and will indicate to the telephone subscriber by an alarm if any one of the telephone
receiver-off-hook conditions 3 to 6 is true. Telephone receiver-off-hook conditions 3,
4, 5 and 6 are known as telephone-receiver-off-hook-and-not-in-use conditions, while
telephone receiver-off-hook conditions 1 and 2 are known as telephone receiver-off-

hook-and-in-use conditions.



7 Upon detecting a change from on-hook condition to off-hook condition,
the tel ephone 1line DC voltage | evel detecting circuit 5 will consequently
change the state of a control signal on line 18 to switching circuit 7.
Swtching circuit 7, which for exanple conprises a pair of MOSFETs
arranged in a configuration that functions as a current swtch, is
connected in series with the current rédurn path of the DC voltage
regulator 6, ie, the connection between line 15 and the reference ground
of the DCCpotrolgre 10 reidlubegiorthe . operatiphemiasskatell safter povdCupobY aepdingvld  at
node 14 is greater than 30 V, or the tel ephone instrunment is on-hook,

sW t chi ng s@hd#rs, tpréfewibly sétenimhBrdwaredjufpersCarsiecheNgonngttald € dowgrdlRr a0f i r st
control signal on line 18. This neans that the DC voltage regul ator 6,

whi ch for ey loe BRI foSESbIR ?j’lﬁ:&l%q Bg% ic?lgﬁé ré’cP{VEtﬁgﬁe o%ﬁl%gxg tn?]ents

preferably 663, Is not ré erenced, oati ng, becau e source
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cannot pr Et)i\r/niir(;ige c%ncrii%%lrjlé,a})fe %ussyu Ei%lngl’s geingra?elcjipg)l' %her %i()tl'reslp%hding local telephone
exchanges or telephone central offices. Controller 10 will then enter state 31 to test the
logic status of line 17 on a frequent basis and at a predetermined sampling rate, during
any telephone receiver-off-hook condition via a logic monitoring means. After each
sampling at state 31, controller 10 will enter state 32, which is a busy signal monitoring
means, on condition that a tone is detected by the telephone line tone detector 8 and a
corresponding logic O is read on line 17. Alternatively, controller 10 will enter state 33

on condition that a tone is absent from the telephone line and a corresponding logic 1

is read on line 17.

By way of an example of a typical telephone receiver-off-hook condition wherein
telephone subscriber dials out and engages other party, or receives busy signals from
telephone exchange, further description on the operations of controller 10 will be

provided hereunder.

When the telephone subscriber lifts the handset to dial out to another party, a dial tone
is initially detected on the telephone line. In some countries, telephone exchanges or
telephone central offices report dial tones which consist of continuously occurring audio

frequency signals similar in frequency to that of tones found in busy signals. In such



to power the other functional circuitries of the apparatus descri bed

her ei nabove. In the event that the DC voltage | evel at node 14 is |ess
than 20 V, or the tel ephone instrunent is off-hook, switching circuit 7
will remain in a conducting state due to a second control signal on line
18. A regul ated voltage supply would then be readily avail able on supply
rail 16 to power the tel ephone |line tdhe detector 8 and controller 10.
Referring to the second function of the described enbodi nent of the present
i nvent i orsitugtoondethe ¢¢lephome dine mortehietectir 8phidimepdrt adogio Anfertae dortgoastthe diaél ephone
i nstrument, the node of operation of telephone Iine tone detector 8 wll

be descr ithgdehigE adndfiroller eat stadd TPhRNMe! ITNECERREIH S0 SGh Wi nddtof ARt r ol | er
10 will be activated by the power-up action,

B e by MR Ll 6P UtkeOhBOHT hERlenBPYPE AT AUAR Wil el T Om DC

vol t age regul at or upo one recei ver -
condition, In the tel ephone receiver-off- hook.conditjon,, the tel.ephone
"The. t ondhamhe ot of gecimngn of Sctnat e fimtions SEgic e rsblodie 15 constitaring

a busy signal. Therefore, unless sufficient samples of logic 0s and logic 1s are received

by controller 10 in state 32 according to the pattern as prescribed by the hardware
settings read at state 30 to form a single busy signal period, for example a logic 0 and
a logic 1 occurring on line 17 for 0.75 seconds each, controller 10 at state 32 will
always return to state 31. Since a sustained logic 0 is detected for the duration of the
dial tone, controller 10 will enter into a loop between state 31, state 32 and state 31
subsequently upon each sampling for the same duration. Such a loop is known as logic

0 loop hereinafter.

When subsequent dialing signals are detected on the telephone line connected to
telephone instrument 1, i.e. using either DTMF or other signaling format, telephone line
tone detector 8 will constantly hold line 17 at logic 1 status. This means that tones are
not present and controller 10 will subsequently enter into a loop between state 31, state
33, state 32 and state 31 each time a sample is taken by controller 10 at state 31, known
as logic 1 loop hereinafter. For as long as busy signals have not been detected and
counted by controller 10 since the power-up initialisation, controller 10 will continue to

enter into the logic 1 loop.



device, will read off-hook AC signals fromthe tel ephone line via bridge
rectifier 4 and DC decoupler 12. Using known phase |ock | oop techniques,
the tel ephone Iine tone detector 8 is preset to detect standard tone
frequenci es of busy signals, and will test telephone receiver-off-hook AC
signals and report to controller 10 the presence of any tones. Since busy
signals consist of tones alternately turpned on and off for specific
durations, the tel ephone |line tone detector 8 will therefore output data
consi st ngUpcin Itheeg kedephOme (subswetbepy ese@adsfulaadnlpogb oredch (Heoﬂl@&eﬂlqiart?rﬂ&‘imt)

W th correspondl ng timng conditions via line 17 to controller In the
event t hatdlm han@rs@bsrcﬁgé}rmdco@mnwﬁo é&hﬁﬁﬁ&%@ w %ﬁﬁad}g?ed?@%t .
controll er as successfu determ ned that the con |t| on 1S ey hone

recei ver-aof.f-h not e aka cu t.he connection
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t el ephone |nstru nt), the telephone |ine tone detector 8 wll
subsequentth§ lagic & ‘i"\?&f‘é‘%\“sbyurgﬂﬁt‘?*b"} time when Bie teleghonsanbscrivendsrminatesn, i e,
the switching of the supply switching circuit 9 to non-conducting state,
to mini m stbe chmmumication lyrpating theshampset on-hobkt he appar at us. Referring to
the third function of the described enbodi nent of the present invention to
determ ne receiver-of f-hook-and-not-in-use condition (or a | eakage occuring
at the connection between the tel ephone line and the tel ephone instrunent,

or in the ol &RIORSH the telephone subscriber's unsuccessful attempt to engage the desired
party and a busy signal is received from the telephone line, controller 10 will
subsequently alternate between logic 0 loops and logic 1 loops for durations according
to the corresponding durations of logic 0 and logic 1 on line 17. If sufficient samples
(or loops thereof) of logic Os and logic 1s are recorded by controller 10 in state 32
according to the prescribed pattern to make up a period of a busy signal, a true
condition will then be registered. Controller 10 will then enter state 34 where a counter
is activated and the resulting counter value stored. The stored counter value will
therefore reflect the number of periods of busy signals detected since initialisation and
will subsequently be compared to a first value as controller 10 enters state 35. The first
value is preset to represent the number of periods of busy signals required to indicate
a telephone receiver-off-hook-and-not-in-use condition, and takes into account
parameters such as the typical time required for a telephone subscriber to place the
handset back on-hook after an unsuccessful attempt to dial out and subsequent busy
signals are heard. Therefore, in the event that the telephone subscriber places the
handset on-hook before the stored counter value reaches the first value, controller 10

will be deactivated before a true condition can occur for state 35. During telephone



instrument) and indicate to the tel ephone subscriber by an alarm
controller 10 is described hereunder with the aid of a flow chart as
illustrated in Figure 2. The

9 follow ng are exanples of tel ephone receiver-off-hook conditions that

can cause the power-up of controller 10, wherein: 1) t el ephone
subscri ber dials out and engages ot herj3party, or vice versa, and
comuni cates, 2) t el ephone subscriber dials out and receives busy

si gnal s freegivériom-helkeqindition, controller X odilhngehe supplied witklpeproard thehgeaei ber
accidentally or deliberately places the receiver in a continual

of f - hook pEShd FeREt to efh)mltlalts?alteew&e?dé?tsﬁdwé% acci dental |y or deliberately
pl aces the receiver in a continual Tp hook position and the

handset picks up high I evels of background n0|se

If the telephone subscriber accidentally or deliberately places the handset off-hook,
sufficient counts of periods of busy signals will be recorded and this will result in
controller 10, from state 35, entering state 38 on condition that the stored counter value
from state 34 has reached the first value. Controller 10 will then trigger fault indicator
19, which for example can be an alarm consisting of a visual indication such as a
blinking lamp and an audible indication such as a buzzer, while continuously looping

in state 38.

In the event that the handset picks up high levels of background noise while in the off-
hook position as mentioned in telephone receiver-off-hook condition 4, an incoherent
busy signal may be read from the telephone line which may be undetectable at the
telephone line tone detector 8 at times. However, in such a circumstance it is
impossible for controller 10 to tell if there is a genuine fault or telephone receiver-off-
hook-and-not-in-use condition, since the noise may mask the busy signal. This may
cause an inadvertent delay in the counting up of the stored counter value at state 34 to
reach the first value in state 35. To prevent such a delay from causing a corresponding
delay in triggering fault indicator 19, controller 10, while in state 33, will always check
if busy signals were previously detected and counted in state 34 and if so, compare the
stored counter value to a preset second value. If the stored counter value concurs with

the second value, controller 10 will enter state 36 where a countdown timer is activated



5) current | eakage occuring at connection between the tel ephone |ine and

t he t el ephone instrunent 1, 6) current | eakage occurring in

t el ephone instrument 1. Controller 10, conprising a mcrocontroller with
enbedded proprietary programcodes, wll performtasks to test the '
t el ephone line and the connected tel ephone instrunent 1, and will indicate

to the tel ephone subscriber by an alarmif any one of the tel ephone
recei ver-off-hook conditions 3 to 6 is true. Tel ephone receiver-off-hook
condi t i onand countingSofam dinter aabiekinibistedasUpon timeout at state 37, controller 10 will

t el ephone-recei ver-of f-hook-and-not-in-use conditions, while telephone

recei ver - giter aRks & pidi thereftte boithe 2o Mo HNene 385 1d BItRRROME AR/ Melyr Of f -
hook- and-i n-use condi tions.

reading. R Hepmbe e BB, hiFioPREEH: BindoRARR Yokl sPRLTS b

connected to controller 10, . .
timed out, power to tl:ll'e controller 10 will be cut and the alarm will not be activated.

When a current leakage occurs at the connection between the telephone line and
telephone instrument 1, or in telephone instrument 1, the telephone exchange will report
standard busy signals on the telephone line even when the handset is placed in an on-
hook position. As such the apparatus will be able to detect the busy signals and
determine a telephone receiver-off-hook-and-not-in-use condition on the telephone line,

via the operations described hereinabove.

The embodiments of the invention are not to be construed as limitative. For example,
switching circuit 7 may be placed in series with the current source of the DC voltage
regulator 6, ie, the source current path from node 14, via AC decoupler 13, to the input

voltage connection of the DC voltage regulator 6.



at state 30. This is to enable controller 10 to be configured with the
Iocaleu!mmmﬂm ch as the tone turned-on and turned-off durations, or
corr ' Hmu”m‘and 1 timng conditions, of busy signals generated
by the corréspdndéing: | ocal tel ephone exchanges or tel ephone central
offices. Controller 10 will then enter state 31 to test the logic status
of line 17 on a frequent basis and at gspredeterm ned |sARI HIETTIIAS BEENT | NY
any tel ephone receiver-off-hook condition via a |ogic jmoni 0 o CUEE
After eachClag@gpling at state 31, controller 10 will enLeJ;...sLaEgg-r—uhi-ch
is a busy signal nonitoring neans, on condition that a tone is detected by

the tel ephone 1ARGA0EaISRRID e Sloer Tt aNORGHSR hROlamlidise.r cad on

line 17. A'ternativ controlle enter state 33 on condition
that a tone is absent from.the {el ephone |ine d a.corr onding.logic 1
s read on | nengans Tor dsieting & pusy Siggal oy 8 glePhone inE and A8y spmastine 4
recei ver-of f-hook condition wherein telephone subscriber dials out and
engages ot her pluratjon ef thednisy wignabiesy pre-dptermingd: duration ped Fyrgenesatinange,
further description on the operations of controller 10 will be provided

her eunder . Wienm sigealt whepthe ninraichsxcedde thd pretdstariménddahotstidn; taad di al  out
to another party, a dial tone

an alarm actuable in response to the alarm signal.

2. Apparatus as claimed in claim 1 further comprising means for detecting a

telephone off-hook state.

3. Apparatus as claimed in claim 2 wherein the telephone off-hook state detecting
means comprises means for sensing a voltage on a telephone line indicative of

the telephone off-hook state.

4. Apparatus as claimed in claim 3 wherein the sensing means comprises a voltage
Sensor.
5. Apparatus as claimed in any one of claims 2 to 4 further comprising power

supply means for supplying power to the busy signal detecting means in response

to said telephone off-hook state.

6. Apparatus as claimed in any one of the preceding claims wherein the busy signal
detecting means comprises phase lock loop means for detecting a standard tone

This Sheet Has Been Replaced
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is initially detected on the tel ephone Iine. In sone countries, telephone
exchanges or tel ephone central offices report dial tones which consist of
cont H!ﬂmmntm E g audio frequency signals simlar in frequency to

t hat n busy signals. In such situations, the

t el ephone I'in€ tone“detector 8 will report a logic 0, for as long as the
dial tone exists, to controller 10 atjgstate 31 via line 17. Controller 10,
via logic nnnitoring neans at state 31, sanples line 17 frequently at a
predet er m ned dfaf Buswsigal bsd Bérghaing atlbgio dufit irlicatinf ppesetide &ubSerte of
alternating durations of logic Gs and logic 1s constituting a busy signal.
Therefore, unlgsgomufficient sanmples of logic Gs and logic I's are received
by controller 10 |n state 32 according to the pattern as prescribed by the
hardware settings read at state 30 to forma single busy signal period,
for exanple a logic O and a logic 1 occurring on line 17 for 0.75 seconds
each, controller 10 at state 32 will always return to state 31. Since a
sust ai ned-| ogi APRRratys G%tﬂélé‘!f¢‘é’d“f¢3ﬂ4mt6r1‘é‘h‘HEFI“&I%:Q= Bisysignahdeteeting meagg durther
controller 10 will enter into a | oop between state 31, state 32 and state
31 comprises means for monitoring said logic signal and comparing the logic signal

with a prescribed logic pattern indicative of a busy signal period and a counter
for counting busy signal periods and generating an alarm signal when the number

of periods exceeds a number indicative of said pre-determined duration.
8. Apparatus as claimed in claim 7 wherein the busy signal detector means further
comprises a count down timer for providing an alarm signal in response to a

time-out after the busy signal had been detected.

9. Apparatus as claimed in any one of the preceding claims wherein the alarm

comprises at least one of an audible or visual indicator.

10.  Apparatus connectable to the subscriber end of a telephone line for detection of

a busy signal on a telephone line comprising: -
THIS SHEET HAS BEEN
a power supply circuit, REPLACED

an alarm circuit for generating an alarm signal in response to said busy signal,
a power circuit including means for detecting a telephone line off-hook condition

and for supplying power to the alarm circuit in response to said detection.

Sheet Has Been Replaced
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subsequently upon each sanpling for the sane duration. Such a |loop is known
as I rei nafter. When subsequent dialing signals are

det M”@QM zﬂ hone |ine connected to telephone instrunent 1, i.e.
u3|ng*en other signaling format, tel ephone Iine tone detector
8 wll constantly hold Iine 17 at logic | status. This neans that tones are
not present and controller 10 will subgequently enter into a | oop between
state 31, state 33, state 32 and state 31 each tinme a sanple is taken by

control | ert. 10 Appasitas es Slhimédipvelainasd whgiein thelpooyer keppty BBtdiecomprives as | ong
as busy signals have not been detected and counted by controller 10 since

the power-up i t ! I enter into the
e Roer ub. 1fHehi bRt ePMatof 1 §r8lidg rbQuidiel! DROVSIkAPESubPly. P

t he tel ephone subscriber's successful attenpt to reach the desired party
after dialing, the tel ephone subscriber will continue to comunicate with

t he desi red party.
12. Apparatus as claimed in claim 10 or claim 11 wherein the power supply circuit

comprises a pair of MOSFETs configurated as a source current switch for said

regulator.

13.  Apparatus connectable to the subscriber end of a telephone line comprising:
a tone detector;
a controller responsive to the tone detector for identifying a detected tone as a
busy signal, comparing the duration of the busy signal to a pre-determined
duration and generating an alarm signal when the duration of the busy signal
exceeds the pre-determined duration;
an alarm actuable in response to the alarm signal; and
a power supply circuit including means for detecting a telephone line off hook .-
condition and for supplying power to the detector, controller and alarm in

response to said detection.

THIS SHEET HAS BEEN
REPLACED
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Since tones are absent during the conmunication, controller 10 wll
therefore enter into the logic I loop continuously until such a tinme when
t he tel ephone subscriber term nates the conmuni cation by placing the
handset on- hook. However, upon the tel ephone subscriber's unsuccessful
attenpt to engage the desired party and a busy signal is received fromthe
tel ephone line, controller 10 will suRsequently alternate between logic O
| oops and logic 1 loops for durations according to the corresponding
durations of logic O and logic 1 onAbse@cf7. If sufficient sanples (or

| oops thereof) of logic Os and logic 1s are recorded by controller 10 in
state 32 according to the prescribed pattern to make up a period of a busy
signal, a true copdit] i | bﬁ reql shtere troller 10 will then
enter state 34 wher %Jag‘%un edretéﬁﬁgge‘f‘c ‘l‘s\yaiqé%lg’r'l‘ ??11 &S ng counter

val ue stored. The stored counter value will therefore reflect the nunber
of periods of busy signals detected since initialisation and wl|l
subsequently be conpared to a first value as controller 10 enters state 35.

The 101 StwitRls! SIRGAELGFRLERE0T, LhEn DUIBSL pREL SHSAL: WisY

signals requir ndica ohe recelrver-o nd-not-i n-use
LAY SR G R S
after an unsuccessful attenpt to dial out and subsequent busy

position, busy signals will be generated by the telephone exchange and reported to the

first telephone subscriber. When the first telephone subscriber has accidentally placed

the telephone receiver in an off-hook position, the same busy signals will be generated

by the telephone exchange and these can also be detected in the telephone line of said

telephone subscriber. The present invention relates to an apparatus for the detection of

a busy signal in a telephone line, and further determine if the telephone instrument

connected is in a telephone receiver-off-hook-and-not-in-use condition. The apparatus

also serves to indicate to the concerned telephone subscriber by an alarm so that he may

take corrective action.

Figure 1



signals are heard. Therefore, in the event that the tel ephone subscri ber
pl aces the handset on-hook before the stored counter value reaches the
first value, controller 10 w |l be deactivated before a true condition ca
occur for state 35. During tel ephone '
13 receiver-on-hook condition, cont/@ller 10 will not be supplied with
power and therefore wll be reset to an initial state upon the next
power - up. | f the tel ephone subscriber accidentally or deliberately
pl aces the handset off-hook, sufficient counts of periods of busy signals
will be recorded and this will result in controller 10, fromstate 35,
entering state 38 on condition that the stored counter value fromstate 34
has reached the first value. Controller 10 will then trigger fault
i ndi cator 19, which for exanple can be an al arm consisting of a visual
i ndi cation such as a blinking anp and an audi bl e indication such as a
buzzer, "wii t&~contirmuousty toopimy~~irmstate 38"~ T T m s |
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In the event that the handset picks up high | evels of background noise
while in the off- hook position as nentioned in tel ephone

recei ver-off-hook condition 4, an incoherent busy signal may be read from
t he tel ephone Iine which may be undetectable at the telephone |ine tone
detector 8 at tinmes. However, in such a circunstance it is inpossible for
controller 10 to tell if there is a @fuine fault or tel ephone

recei ver-off- hook-and-not-in-use condition, since the noise my nask the
busy signal. Thi cause an inadvertent delay in the counting up of the
stored countey”value at stahe 34 to reach the first value in state 35. To
prevent such del &tartom causi ng a corresponding delay in triggering
fault indicat 19, controlfer 10, while in state 33, will always check if
busy signals were previously detected and counted in state 34 and if so,
conpare the st ue to a preset second value. If the stored
counter value ¢goncurs with tpe second value, controller 10 wll enter
state 36 wher¢ aRteask én tyner 36 activated

14 standards

36
Tone Time
-
present? countdown
37
Timeout?

34
Count no. of

bhusy signal
detected

Actuate 38
Alarm.

FIGURE 2



and-counting of a timer-value initiated. Upon tineout at state 37,
controll'er 10 will enter state 38 (and therefore continue to loop in state

38) to activate the alarm If, in the neantine, t Cla b S 8
replaced the handset before the counter at state 3§4hgs /0 ,dﬁ)ver
to the controller 10 will be cut and the alarmw | t ¥e ac ed.

: t th ti bet ween t he tel ephone |ine
aha ¢l epnineo s YRR REBIE s hPSS Bk Renslh ROt s Sirravien BPidne

exchange will repart standard busy signals on the tel ephone Iine even when
t he hagdsetoni Bs“ddﬁgéﬁﬁleu tﬁleahoftirie-mhﬁésﬁOfg%Flfmélﬁrath-sEmwxm@lqap@as)amgaalvm |

be able to detect the busy signals and determ ne a tel ephone

r ecei ver - ofdanisoniprian df #ft Hiz sinuseldelosighals (ovheniit dripindtes fe@hanenhlopeelephting t he
oper ations described herei nabove. The enbodi nents of the invention are

not to be cxbhdngepdr a5 Hmisinatdiva. sifiils eWREMltSorigisitést £HinNg d?g'i{awélé;g%ngﬂy be
placed in series with the current source of the DC voltage Tegulator 6,

i e, the souheRarzel, kBbivnR3tdhel AR MAEE aljténﬁté%ygtyﬁﬁgd%ﬁ%gg Bk‘f% hé EXéh%nétp for! NPUL

vol t age connection of the DC voltage regu
durations of 0.75 seconds each.

Proposals which serve to detect telephone line conditions including the telephone
receiver-off-hook condition have been proposed but they do not specifically indicate
directly to the telephone line subscriber one of several possible conditions that would
require corrective action. These possibilities include the telephone receiver-off-hook-
and-not-in-use condition and a leakage occurring at the point of connection between the
telephone line and telephone instrument, or in the telephone instrument. When such
conditions remain undetected and corresponding corrective action is not taken, these
conditions may prevent a third party from making successful attempts to reach the

subscriber.

It is an object of the invention to provide an improved apparatus for detecting a busy

signal on a telephone line.

In accordance with the first aspect of the present invention, there is provided an
apparatus connectable to the subscriber end of a telephone line comprising:
means arranged to detect a busy signal on a telephone line and to compare the elapsed

duration of the busy signal since detection to an interval, the interval being selected to

REPLACEMFMT = ™~
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15 . dains 1. Appar atus connectable to the subscriber end of a

t el ephone |

signal on a tel ephone line and to conpare the

| ne conpri sing: nmeans arranged to detect a busy

of the busy signal since detection to anginterval, the interval
bei ng selected to distinguish busy signals which indicate a condition

requiring

el apsed duration

e ' . ' . which d d
goner at o arSigish sk SERE LR AECALEA LA HOREEh R b8 aeln RER e va

and an al ar

Appar at us a¥MeP oS and @ ggp

t el ephone of f-hook state, 3. _ .
wher ei n t heatdetreplan acpblerpoksponse @ the tatarmi signal. means conprises

actuabl e i,n resggnse to the alarm si gnhal .

Apparatus as clained in claim?2

means for sensing a voltage on a tel ephone line indicative of
t el ephone of f-hook state.

The first aspect of the invention is based on the realisation by the inventor that busy
signals on a telephone line deriving from a subscriber dialling an engaged number and
busy signals indicating a condition requiring corrective action may be distinguished in
most cases by the duration of the busy signal, since if a subscriber dials an engaged

number, the subscriber will replace the telephone handset after only a few seconds.

Preferably, the busy signal detecting means comprises a phase lock loop means for
detecting a standard tone of a busy signal and generating a logic output indicating
presence or absence of the tone. It is also preferred that the alarm comprises at least

one of an audible or visual indicator.

In accordance with the second aspect of the present invention, there is provided an
apparatus connectable to the subscriber end of a telephone line for detection of a busy
signal on a telephone line comprising:

a power supply circuit, an alarm circuit arranged to generate an alarm signal in response
to the duration of said busy signal exceeding an interval indicating a fault condition, a
power circuit including means for detecting a telephone line off-hook condition and for

supplying power to the alarm circuit in response to said detection.

2 3 AUG 1999
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4.  Apparatus as clai-med in claim3 wherein the sensing neans conprises a
vol t age sensor. 5. Apparatus as clained in any one of
claims 2 to 4 further conprising power supply nmeans for supplying
power to the busy signal detecting nmeangt i n response to said

t el ephone off hook state.

16 6. %&Bﬂﬁs&%t 813% TRAnfith Qiﬂ)\(vsotﬂga%rétﬂ?toﬁ{ees%ﬂgougreﬁll Oq&pms ein

t he busy signa ecti ng nmeans cONpri ses op“neans for
det ecti ng busy signal and generating a |ogic

out put | naRR20PRGRRY xS Aeeessty ik eifeelter the tone 7

Apparatus as clained in claim6 wherein the busy signal detecting neans
further conprises neans for nonitoring said | ogic signal and
conparing the | ogic signal wWith a prescribed logic pattern

i ndi cat i vePofferablyy the mivgprashipplg reirodit @oshpasesculitear voltage regulator for providing

regulated DC voltage supply, and a pair of MOSFETSs configured as a source current

switch for the micropower linear voltage regulator.

In accordance with the third aspect of the present invention, there is provided an
apparatus connectable to the subscriber end of a telephone line comprising:

a tone detector;

a controller arranged to be responsive to the tone detector to identify a detected tone as
a busy signal, compare the duration of the busy signal to an interval, the interval being
selected to distinguish busy signals which indicate a condition requiring corrective action
from those which do not and to generate an alarm signal when the duration of the busy
signal exceeds the interval;

an alarm actuable in response to the alarm signal; and

a power supply circuit including means for detecting a telephone line off hook condition
and for supplying power to the detector, controller and alarm in response to said

detection.

A preferred embodiment of the invention will now be described, by way of example,
with reference to the accompanying drawings, in which :
Figure 1 is a block diagram of the preferred embodiment of the invention.

Figure 2 is a flow chart of the controller algorithm of the embodiment of Figure 1.
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for'COUnting busy 'S

c o i

signal i'n response
det ect ed. Claifs
wherein the alarm

i gnal periods and generating an al arm signal when the
eri ods exceeds a nunber indicative of said interval.
med in claim7 wherein the busy signal detector
onprlses a countlsdown tinmer for providing an alarm
to'a tinme-out after the busy signal had been
Apparatus as clained in any one of the preceding clains
conprises at |east one of an audi ble or visual

whe o
Lol ephone 11 ne ReperfeY SRy REHEI 8 e Shblifer (a1 BARSH S ebitenio 11 ne

conpri si ng:

n aI armcircuit

upply circuit a
arranged to geﬁ@?%@”éﬁggé’r‘iﬁtg‘i sy istenakep 8 ielephose line agdtacpapare the

sai d busy signal exceeding an |nterval indicating a fault condition.

elapsed duration of the busy signal since detection to an interval, the interval
being selected to distinguish busy signals which indicate a condition requiring
corrective action from those which do not and to generate an alarm signal when
the duration exceeds the interval; and an alarm actuable in response to the alarm

signal.

Apparatus as claimed in claim 1 further comprising means for detecting a

telephone off-hook state.

Apparatus as claimed in claim 2 wherein the telephone off-hook state detecting
means comprises means for sensing a voltage on a telephone line indicative of

the telephone off-hook state.

Apparatus as claimed in claim 3 wherein the sensing means comprises a voltage

SENsor.

Apparatus as claimed in any one of claims 2 to 4 further comprising power
supply means for supplying power to the busy signal detecting means in response

to said telephone off-hook state.
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o ower circuit including neans for detecting a telephone line

?fefspﬁﬁiﬂlﬂﬂfﬁﬂmﬂﬂwumllona”d 1 hoparat s as claimed in olaimio

wherein t he’ power” sdppfy ci rcwt corrprllges a | i near vol tage
regul ator for providing regulated DC voltage supply. 12. Appar at us as

clairredl cl ai | e he ] cifcuit .
conprises a pal"r%&d?'glt éﬁg (c:l(:l)lglt §lﬁ%{)ﬂ8£ recg)(ﬂsﬁfmlra P@h&?@n‘%‘ Ewyts(ggpa‘lor
sai d regul at or. A%garat f connectabl e to the subscri ber
end of a telep “I“gﬁ%eaéﬁ)ﬁ‘bmpg?eﬁ lock loopgngags dorstesting a: standard tone 5

controller arran ed to be responsive to the tone detector to identify a

det ect ed of a sy signabansliganeritigaallogic onfrait indidating presencsrorabsdrite ofusy
signal to an interval, the i nterval being selected to distinguish
busy signal s whhelonendi cate a condition requiring corrective action
fromthose which do not and to generate an alarm si gnal when the

duration of the busy signal exceeds the interval;

7. Apparatus as claimed in claim 6 wherein the busy signal detecting means further
comprises means for monitoring said logic signal and comparing the logic signal
with a prescribed logic pattern indicative of a busy signal period and a counter
for counting busy signal periods and generating an alarm signal when the number

of periods exceeds a number indicative of said interval.

8. Apparatus as claimed in claim 7 wherein the busy signal detector means further
comprises a count down timer for providing an alarm signal in response to a

time-out after the busy signal had been detected.

9. Apparatus as claimed in any one of the preceding claims wherein the alarm

comprises at least one of an audible or visual indicator.

10.  Apparatus connectable to the subscriber end of a telephone line for detection of
a busy signal on a telephone line comprising:
a power supply circuit,
an alarm circuit arranged to generate an alarm signal in response to the duration

of said busy signal exceeding an interval indicating a fault condition.
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an al m ‘muresponse to the alarmsignal; and a power
suppl mmmﬂ m \m I ng nmeans for detecting a telephone |ine off hook
condi <l om and ¥ ors sdppl ying power to the detector, controller and alarmin
response to said detection. 17

a power circuit including means for detecting a telephone line off-hook condition

and for supplying power to the alarm circuit in response to said detection.

11.  Apparatus as claimed in claim 10 wherein the power supply circuit comprises a

linear voltage regulator for providing regulated DC voltage supply.

12.  Apparatus as claimed in claim 10 or claim 11 wherein the power supply circuit
comprises a pair of MOSFETs configurated as a source current switch for said

regulator.

13. Apparatus connectable to the subscriber end of a telephone line comprising:
a tone detector;
a controller arranged to be responsive to the tone detector to identify a detected
tone as a busy signal, compare the duration of the busy signal to an interval, the
interval being selected to distinguish busy signals which indicate a condition
requiring corrective action from those which do not and to generate an alarm
signal when the duration of the busy signal exceeds the interval:
an alarm actuable in response to the alarm signal; and
a power supply circuit including means for detecting a telephone line off hook
condition and for supplying power to the detector, controller and alarm in

response to said detection.

-
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