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{571 ABSTRACT

In an interconnect [PABX], telephone equipment
which does not have an answer signal returned thereto,
decision logic makes use of returned audible busy and
ring-back signals to determine if a connection extended
through a telephone utility network to a called station is
completed.

3 Claims, 3 Drawing Figures
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CHARGE TIME START CONTROL FOR
INTERCONNECT PABX

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

This invention relates to interconnect private auto-
matic branch exchanges (PABX) and, more particu-
larly, to an i1mproved technique for determining
whether or not connections extended from calling sta-
tions of an interconnect PABX through a telephone
utility network to called stations have been completed.

For many years in the past, substantially all telephone
facilities (including a PABX) situated on the premises of
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a subscriber of a telephone utility were provided by and -

were under the control of the telephone utility. In this
case, charges for metered local calls and/or long-dis-
tance for toll calls made from any calling station of a
telephone subscriber is determined by the telephone
utility using solely telephone utility equipment.

In some cases, it is desirabie to individually bill a user
who uses a calling station of a PABX who makes a call
through the telephone utility network to a called sta-
tion, rather than to merely to be able to bill the PABX
subscriber. One obvious example of such a case is that of
a hotel or motel PABX, in which it is essential that the
individual hotel or motel guest be billed. Another exam-
ple is a business organization with different profit/loss
centers. Telephone utilities have developed, for their
own use, telephone systems capable of metering local
calls and/or charging for long-distance toll calls made
from calling stations of such a PABX. By way of exam-
ples, such PABX billing telephone systems are disclosed
in U.S. Pat. No. 3,721,769, which i1ssued on Mar. 20,
1973 to Krock et al. (which is assigned to GTE Auto-
matic Electric Laboratories Inc.) and in U.S. Pat. No.
4,090,034, which 1ssued May 16, 1978 to Moylin (which
is assigned to Bell Telephone Laboratories).

As known in the telephone art, there are several well
known audible signals which are returned to the calling-
station user. These audible signals include, among oth-
ers, dial tone, all-trunks busy, called-station busy and
ring-back. Each of these audible signals is distinctive
and its call-status meaning is well known and easily
recogmzed by calling-station telephone users. How-
ever, not all types of call-status signals are returned to
the user of a calling telephone station. For instance,
when a telephone connection is extended from a calling
station through a telephone utility network to a called
station, the called station, on going off-hook, returns an
answer signal (commonly known as answer supervi-
sion) to the telephone utility network. This answer
signal, which is a call-station signal indicative of a com-
pleted extended connection to the called station, is
available to the telephone utility for determining the
start of the time-charge period for either a metered local
call or a long-distance toll call made from a calling
station of a calling subscriber. However, this answer
signal, which is returned from a called station to the
telephone utility network, is not commonly further
returned or made available by the telephone utility
network to any of the equipment (including a PABX)
situated at the calling subscriber’'s premises.

As long as the telephone utility network is the pro-
vider of a telephone subscriber’s PABX, it is not essen-
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tial that the answer signal returned to the telephone
utility network be further returned to the PABX (al-
though it might be less costly if the answer signal were
available at the PABX). However, recently telephone
subscribers have been installing on their premises so-
called interconnect telephone equipment which is not
furnished by the telephone utility. In the case of an
interconnect PABX, no answer signal is returned to the
interconnect PABX in response to the completion of
the extension of a connection from a calling station of
the PABX through the telephone utility network to a
called station. How, then, can the possessor of an inter-
connect PABX (e.g., hotel or motel operator, a business
owner, etc.) determine the proper charge time period
for a metered local call or a long-distance toll call made
by a user (hotel or motel guest, business employee, etc.)
of a calling station of the interconnect PABX through
the telephone network to a called station?

Currently, the answer to this question is to make a
tentative assumption that the extension of a connection,
from an interconnect PABX calling station through the
telephone utility network to a called station, is com-
pleted, so that in all cases a charging time period is
started. If the charging time period starts a given few
seconds following the dialing of the last digit by the
calling station and lasts a predetermined short interval
(e.g., 20 seconds) without the calling station going on-
hook, the tentative assumption is made permanent and a
charge for the metered or long-distance toll call is made
to the user of the calling station of the interconnect
PABX. However, if the calling station goes on-hook
within the short interval (e.g., 20 seconds), the tentative
assumption that the extended connection has been com-
pieted is reversed and the charge time period therefor is
cancelied.

While statistically this current solution is reasonably
accurate, it 1s plain that there are occasions when (A)
charges are made for telephone calls in which the exten-
sion of connection to the called station has never been
completed (e.g., whenever a calling station user stays
off-hook for more than 20 seconds despite the fact that
a busy signal or a ring-back signal is returned continu-
ally during the entire interval in which the calling sta-
tion user is in an off-hook condition), and (B) no charge
iIs made to a calling station user of the interconnect
PABX when the total time for the completion of the
completed extended connection plus the conversation
time period is less than the predetermined interval (e.g.,
less than 20 seconds). This is particularly a problem
where short data calls may be made, information ex-
change performed and the call terminated (e.g. credit
verification).

The present invention is directed to an improved
technique available at the interconnect PABX for more
accurately determining whether or not a connection
extended from a calling station of the interconnect
PABX through a telephone utility network to a called
station has been completed, despite the fact that no
answer signal is returned from the called station to the
interconnect PABX in response to the compietion of
the extension of a connection thereto. More specifically,
in accordance with principles of the present invention,
improved apparatus forming part of the interconnect
PABX decides whether or not an extended connection
through the telephone utility network to the called
station has been completed. The improved apparatus
comprises a busy signal detector for deriving a first
output in response to a return of an audible busy signal;
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a ring-back signal detector for denving a second output
in response to a return of an audible ring-back signal;
switch means for deriving a third output indicative of
whether a calling station of the interconnect PABX is in
an off-hook condition or is in an on-hook condtition; and
connection complete or incomplete deciston logic
means having the first, second and third outputs applied
as respective inputs thereto for (1) deniving a first con-
trol signal indicative of an incomplete extended connec-
tion in response to either (a) the indication by said first
output of the existence of an audible busy signal or (b)
the indication by the second and third outputs of the
occurrence of a calling station on-hook condition that
occurs at the end of a calling station off-hook condition
interval duririg which an audible ring-back signal oc-
curs and thereafter continues to occur until the end of
the interval, and for (2) deriving a second control signal
indicative of a complete extended connection in re-
sponse to an audible ring-back signal that occurs during
the interval, but which terminates prior to the end of the
interval, so that the calling station remains in an off-
hook condition for a period of time after the audible
ring-back signal has terminated.

In the drawings:

FIG. 1is a block diagram illustrating the relationship
among an interconnect (non-telephone utility) PABX, a
telephone utility network and a called station that is not
part of the aforesaid interconnect PABX (but which
may or may not be part of another interconnect or
non-interconnect PABX);

FIG. 2 is a functional block diagram of one typical
embodiment of an interconnect PABX, and

FIG. 3 illustrates a block diagram of charge-timing-
period start-control apparatus incorporating the princi-
ples of the present invention.

Referring to FIG. 1, there is shown in block diagram
interconnect (non-telephone utility) PABX 100, tele-
phone utility network 102 and called station 104 to
which a connection may be extended from a calling
station of PABX 100 through telephone utility network
102. More specifically, interconnect PABX 100, in re-
sponse to the dialing of a predetermined access digit by
a calling station thereof, extends a connection over a
telephone line 106 from that calling station of PABX
100 to telephone utility network 102. As is usual, tele-
phone utility network 102 returns a dial tone over tele-
phone line 106 to the calling station of PABX. The
calling station which may be either a rotary dial tele-
phone or a push-button dial telephone) forwards con-
nection-extending dialed digit signals over telephone
line 106 to telephone utility network 102. Telephone
utility network 102, in response to these dialed digit
signals, extends a connection over telephone line 108 to
a called station 104 (which called station may be any-
where in the world and may or may not be part of
another PABX). Should any of the facilities of tele-
phone utility network 102 be busy or should called
station 104 itself be busy, telephone utility network 102
returns an audible all-trunks busy signal or an audible
called-station busy signal over telephone line 106 to
PABX 100. Assuming that neither telephone utility
network 102 or called station 104 is busy, telephone
utility network 102 forwards a ring signal to called
station 104 over telephone line 108, while, at the same
time, returning an audible ring-back signal over tele-
phone line 106 to PABX 100. Should called station 104
be answered (i.e., go off-hook), an answer signal is re-
turned to telephone utility network 102 over telephone
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line 108. However, telephone utility network 102 does
not further return an answer signal over telephone line
106 1o PABX 100. Thus, in summary, the only control
signals returned by telephone utility network 102 to
PABX 100, in response to making a call to called station
104 are those that can be returned over an audible con-
necting path, such as dial tone, an audible busy signal
and an audible rning-back signal.

FIG. 2 is a functional block diagram of one typical
embodiment of interconnect PABX 100. PABX 100
includes a piurahty of telephone stations 200-1 .
200-N (where N is a plural integer). Each of telephanc
stations 200-1 . . . 200-N can comprise a standard dial
telephone, or, a.lternatively, some other type of terminal
equipment, such as a teletype, a data phone, an on-line
computer, etc. In any event, telephone stations 200-1 . .
. 200-N are associated with switching means 202. Also
associated with switching means 202 is signal detectors
and controller 204. Signal detectors and controller 204
has access to station message detail recording means
206. As usual in a PABX, any one calling one of tele-
phone stations 200-1 . . . 200-N can extend a connection
through switching means 202 to any called one of tele-
phone stations 200-1 . . . 200-N by dialing the extension
number of the called station of PABX 100. In response
to this dialing, switching means 202 is operated by the
controller of block 204 to extend the connection to the
called telephone station 200-1 . . . 200-N of PABX 100.
Should any one calling one of telephone stations 200-1
. 200-N desire to extend a call connection through
telephone utility network 102, a predetermuned access
digit is dialed, which causes switching means 202 to be
operated by the controller 204 to extend a connection to
telephone utility network 102 from that calling one of
telephone stations 200-1 . . . 200-N through telephone
line 106. Block 204 includes signal detectors for selec-
tively detecting various audible signals forwarded
thereto through switching means 202 from telephone
stations 200-1 . . . 200-N and also from telephone utility
newtwork 102 over telephone line 106. These audible
signal detectors may include audible dialed digit signals
(in the case of PABX push-button dial telephones), but
always include audible busy signal and ring-back signal
detectors. Also included in block 204 are signal detec-
tors for detecting the on-hook/off-hook condition of
each of telephone stations 200-1 . . . 200-N.

Block 204 in combination with block 206, includes
means for determining and recording information re-
quired to charge an individual user of PABX 100 for
metered local calls and/or long-distance toll calls ex-
tended through telephone utility network 102. In some
cases {(such as in the case of a hotel or motel PABX)
each of telephone stations 200-1 . . . 200-N 1s assumed to
be a user. In other cases (such as in the case of a business
PABX) the user (such as an employee) may have a
personal identification number which is dialed by him
whenever he makes a charge call from any one of call-
ing stations 200-1 . . . 200-N. In any event, information
required to charge for a call includes the charge time
period of the call (i.e., the portion of the calling-station
off-hook interval that extends from the start of charging
for a call until the calling-station goes on-hook) and, 1n
the case of a long-distance toll call, the area and office
codes of the called station. Block 204 and/or block 206
contain conventional mll-nckmng equipment for mea-
suring the length of the charge time period, dctemunmg
the charge rate for a toll call and recording in station
message detail recording means 206 details of each
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charged telephone call. These details also can include
the time of day, the dialing number of the called station,
total number of called facilities used, etc.

PABX equipment for performing the functions so far
described for interconnect PABX 100 of FIG. 2is well 5
known in the art and includes the PABX equipment
disclosed in each of the aforesaid U.S. Pat. Nos.
3,721,769 and 4,090,034. What makes interconnect
PABX 100 different from the telephone-utility provided
PABX equipment of the prior art 1s that interconnect 10
PABX 100 has no way of ever having returned thereto
answer signal information (as do some of the teiephone-
utility provided PABX equipments of the prior art) for
determining the occurrence of the start of a charge time
period. In order to accomplish this function, signal ;s
detectors and controller 204 of interconnect PABX 100
includes the charge-timing-period start-control appara-
tus shown in block diagram form in FIG. 3.

Referring to FIG. 3 there is shown ring-back signal
detector 300 and busy signal detector 302, which re- 3g
spond, respectively, to an audible ring-back signal and
to an audible busy signal returned from telephone utility
network 102 over telephone line 106 (which audible
signals are forwarded by switching means 202 to block
204). Ring-back signal detector 300, in response 10 the 55
detection of an audible ring-back signal, provides a first
output which is applied as a first input to call complete
or incomplete decision logic 304. Busy signal detector
302, in response to the detection of an audible busy
signal, provides a second output which 1s applied as 3,
second input to call complete or incomplete decision
logic 304. On/off-hook switch 306 produces a third
output indicative of the on-hook or the off-hook condi-
tion of the particular calling station of PABX 100 at-
tempting to extend a connection through telephone ;¢
utility network 102 to a called-station 104. The third
output from on/off-hook switch 306 is applied as a third
input to call complete or incomplete decision logic 304.
Call complete or incomplete decision logic 304 can take
the form of a hard-wired logic circuit or, alternauvely, ,,
it can take the form of a software programmed signal
processor. In any event, call complete or incomplete
decision logic is selectively responsive to the respective
first, second and third inputs thereto from ring-back
signal detector 300, busy signal detector 302 and on/off- ,
hook switch 306 to logically decide either a first control
output 308 therefrom indicative of “no charge” or a
second control output 310 therefrom indicative of
“start-call timing.” A logical relationship between the
respective ‘‘no charge” and *‘start call timing” outputs

: . . , 50
from call complete or incomplete decision logic 304 and
the condition of each of the respective first, second and
third inputs thereto is shown in the following table:

- TABLE I

Condition Qutput 33
i Busy signal detected No-charge
2 Ring-back signal No-charge

detected continually

until “on-hook’™ occurs
3 Ring-back signal Start call

detected followed by a timing (upon 60

termination of ring-back . nng-back

signal while “off-hook” termination)

remains

Despite the fact that the interconnect PABX 100 65
never has an answer signal returned to it from telephone
utility network 102, it can be seen from the above table
that call complete or incomplete decision logic 304 is

6

able to make use of the audible ring-back signal or the
audible busy signal (which are returned to PABX 100
from the teiephone utility network 102) in a logical
manner to determine quite accurately (i.e., on the basis
of very good circumstantial evidence) whether or not
the extended connection through telephone utility net-
work 102 to a called station has, in fact, been compieted.
This, in turn, permits the start of timing for charging
purposes to be determined much more accurately than
was heretofore possible in the case of an interconnect
PABX, which does not have availabie to it the actual
answer signal returned from the called-station.

What 1s claimed 1s:

1. In an interconnect PABX which includes means
capable of (A) extending a telephone connection from
respective calling telephone stations of said intercon-
nect PABX through a telephone unlity network to
respective called telephone stations, (B) receiving a
returned audible busy signal in response to either said
network or a called station being busy, and (C) receiv-
ing a returned audible ring-back signal when a called
station is ringing; an answer signal returned by a called
station to said network in response to that called station
going off-hook being unavailable to said interconnect
PABX, said answer signal being indicative of the ex-
tended telephone connection to that called station being
completed; improved apparatus forming part of said
interconnect PABX for deciding whether or not an
extended connection through said telephone network to
a called station has been completed, said apparatus com-
prising:

a busy signal detector for deriving a first output in

response to a return of said audible busy signal;

a ring-back signal detector for deriving a second
output in response to a return of said audible ring-
back signal;

switch means for deriving a third output indicative of
whether a calling station of said interconnect
PABX is in an off-hook condition or i1s in an on-
hook condition; and

connection complete or incomplete decision logic
means having said first, second and third outputs
applied as respective inputs thereto for (1) deriving
a first signal indicative of an incomplete extended
connection in response to either (a) the indication
by said first output of the existence of an audible
busy signal or (b) the indication by said second and
third outputs of the occurrence of a calling-station
on-hook condition that occurs at the end of a call-
ing-station off-hook condition interval durning
which an audible ring-back signal occurs and there-
after, continues to occur until said end of said inter-
val, and for (2) deriving a second control signal
indicative of a complete extended connection 1in
response to an audible ring-back signal that occurs
during said interval, but which terminates pnor to
said end of said interval, so that the calling station
remains in an off-hook condition for a period of
time after the audible ring-back signal has termi-
nated.

2. In said interconnect PABX defined 1n claim 1,
which further includes a station message detail record
means for recording toll charges of toll telephone calis
extended from a calling station of said interconnect
PABX through said telephone utility network to called
stations in accordance with the area and office codes of
any particular called station and the duration of a time



Re. 32,263

7

period of a toll telephone call from a particular inter-
connect PABX calling station and that particular called
station; and

wherein said station message detail vecord means 1s

coupled to said improved apparatus and is respon-
sive to the occurrence of said second control signal
for starting said time period and is responsive to
said particular calling station going into an on-hook
condition at the end of said interval for ending said
time period.

3. In interconnect telephone equipment which includes
means capable of (A) exitending a telephone connection
from a calling telephone station of said interconnect tele-
phone egquipment through a telephone utility network 1o
respective called telephone stations, (B) receiving a re-
turned audible busy signal in response to either said nei-
work or a called station being busy, and (C) receiving a
returned audible ring-back signal when a called station is
ringing; an answer signal returned by a called station to
said network in response to that called station going off-
hook being unavailable to said interconnect telephone
equipment, said answer signal being indicative of the ex-
tended telephone connection to that called station being
completed,; improved apparatus forming part of said inter-
connect telephone equipment for deciding whether or not
an extended connection through said telephone network to
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a called station has been completed, said apparatus com-
prising.
a busy signal detector for deriving a first output in re-
sponse to a return of said audible busy signal;
a ring-back signal detector for deriving a second output
in response to a return of said audible ringback signal:
switch means for deriving a third oulput indicative of
whether a calling siation of said interconnect tele-
phone equipment is in an off-hook condition or is in an
en-hook condition; and
connection complete or incomplete decision logic means
having said first, second and third outputs applied as
respective inputs thereto for (1) deriving a first signal
indicative of an incomplete extended comnection in
response lo either (a) the indication by said first output
of the existence of an audible busy signal or (b) the
indication by said second and third outputs of the
occurrence of a calling-station on-hook condition that
occurs at the end of a calling-station off-hook condi-
tion interval during which an audible ring-back signal
occurs and thereafter, continues to occur until said
end of said interval, and for (2) deriving a second
control signal indicative of a complete extended con-
nection in response to an audible ring-back signal that
occurs during said interval, but which terminates prior
to said end of said interval, so that the calling station
remains in an off-hook condition for a period of time

after the audible ring-back signal has terminated.
. & " & x
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