- Control and Interace Apparatus-for Tel ephone Sy8t&R®70-7

i (Po3

g ; i

3

10

15

20

25

-1-

¢ Control and Interface Apparatus for Telephone Systems

Technical Field

This invention relates to telephone switching systems and, more
particularly, to interfacing telephone switching control units to various
configurations of associated station sets at a station port. '
Background of the Invention

Prior telephone switching control units, e.g., key telephone system
controllers or private branch exchanges (PBXs), are not fully compatible with a
configuration in which both so-called tip and ring devices (TR devices) available
today and enhanced functionality or key type station sets (key sets) are bridged
simultaneously to an individual interface port. In the context of this application the
terms key sets and TR devices or sets are used in accordance with the modern
understanding of these terms in the art. Accordingly, key sets are meant to be
multifunction telephone station sets or station equipment type adjuncts that utilize
special digital messaging protocols to communicate with the control unit concerning
actions taken at the set and/or actions that the set should take. TR devices are the
well known tip and ring devices including, without limitation: standard, home-use
type telephone sets - both rotary and multi-frequency signaling types; answering
machines; facsimile (FAX) machines; and modems.

One commercially available series of telephone systems will accept both
key telephone sets and TR sets in a bridged configuration to a single port despite
their incompatibility. In a such a configuration, however, only the key set is fully
operated by the control unit. The TR device is not alerted by the control unit.
Further, a TR device bridged in such a configuration can neither place calls nor
operate features. Additionally, no method of controlling access to the voiceband
communication medium shared by the bridged key set and TR device is provided.
Accordingly, this system has noticeable drawbacks in many typical situations. For
example, providing coverage with an answering machine of calls that are routed to a
particular port requiring an enhanced functionality telephone necessitates cither the
use of an additional port or a special adaptor. Similarly, the use of a modem bridged
with a key set would require placing the call by manual dialing from a key set. Also,
a potential exists in such a configuration that data being supplied to or from the
modem could be corrupted by voice information being transmitted from the key set.
Also, this prior system does not recognize pulse (rotary) type dialing from a TR
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Technical Field This invention relates to tel ephone sw tching
systens and, nore particularly, to interfacing tel ephone sw tching control
tits to various configurations of associated station sets at a station
port. Background of the Invention Prior tel ephone swtching
control units, e.g.. key tel ephone systenT 2¢ontrol l ers or private branch
exchanges (PBXs), are not fully conpatible with a configuration in which
bot h so-cal | eddévige innaly configuastionces ( TR devi ces) avail abl e

Summary of the Invention
The invention as claimed in claim 1.
Brief Description of the Drawing
5 In the Drawing:
FIG. 1 depicts a key system controller embodying aspects of the
invention;
FIG. 2 shows an exemplary implementation of interface apparatus
required in a station port of a key system controller for operating and controlling a
10 tip and ring device, 2 key set or both simultaneously to operate over a two conductor
pair connection;
FIG. 3 displays, in flow chart form, an exemplary implementation of
ring specific applications relating to an external event;
FIG. 4 shows, in flow chart form, an exemplary implementation of
15 direct transfer of a call to the transferor station port;
FIG. § depicts, in flow chart form, an exemplary lmplementauon of
placing a call to the calling station port;
~ FIG. 6 illustrates an exemplary implementation of MEWPRIC
operation, in flow chart form;
20 FIG. 7 shows, in flow chart form, an implementation of "barge in"
prevention;
FIG. 8 is a flow chart form expression of a specific embodiment of time
delaying of alerting via messages with respect to alerting via ringing signal; and
FIG. 9 shows an exemplary implementation, in flow chart form, of FAX
25 trouble indication.
Detailed Description
FIG. 1 depicts key system controller 101 having station ports 103-1 to
103-N. Station ports 103 include aspects of the invention. Other station ports (not
shown) that do not embody the invention are not precluded from being incorporated
30 into key system controller 101. For purposes of this example, each of station ports
103 is functionally identical to any other of station ports 103. In a departure from
the prior art and in accordance with an aspect of the invention, each of station ports
103 is capable of operating at least one compatible key set, at least one tip and ring
device or at least a key type set and one or more tip and ring devices simultaneously
35 bridged onto the same station port without the use of any special service circuits or
adaptors to provide previously unavailable features to a user. One such key set
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t oday and enhanced functionality or key type station sets (key sets) are
bridged simultad ously to an individual interface port. In the context of
this application the terns key sets and TR devices or sets are used in
accordance with the nodern understanding these terns in the art.
Accordingly, key sets are neant to be nultf¥Tunction telephone station sets
or station equi pnent type adjuncts that utilize special digital messaging
protocol s to cdmerfacechidving/ai lintetfaceccorhpatiblel with statioreports) 303 ds deseribed ak eo- at

nown (i p and EERg btk iR, ek phichf SPpicHBoR” SRS M, 341523 ikd
home- use . type con¢wpntydemwith. - both rotary and nulti-frquency signaling
types; answering machi §&%rallo?statith pard 16X )of KBf 3 tem cont@EPHE Ere connected
5 to station equipment in a manner illustrating aspects of the invention. Station port
103-1 of key system controller 101 is shown interfaced to TR device 105. Station
port 103-2 of key system controller 101 is interfaced to key set 107. Also displayed,
in accordance with an aspect of the invention, is key system controller 101 interfaced
at station port 103-3 to TR device 109 and key set 111 via bridging adapter (BA)
10 113, which is a conventional telephone Y type jack. Nothing precludes bridging
adaptor 113 from being directly incorporated into key system controller 101 or a key
set. Bridging adaptor 113 is shown secparately only for clarity purposes.
Alternatively, bridging adaptor 113 could be eliminated and a direct parallel
connection made between TR device 109 and key set 111. Button box 115, also
15 known as a direct station select (DSS) unit which is an enhanced key interface unit,
is shown being connected to and controlled by key system controller 101 at station
port 103-N via optional bridging adaptor (BA) 117. If optional bridging adaptor 117
is employed, a TR device, ¢.g., tip and ring telephone 119, can also be bridged in
parallel with button box 115. Also shown are optional button boxes 121 and 123
20 which are cascaded with button box 115. Additionally, shown is the attachment of
optional key set 125 via button box 115. Within the scope of the present invention
many other configurations of equipment-combinations and station port assignments
can be implemented.
Coordinating the overall operation of key system controller 101 is
25 programmable control unit 127 which provides all the necessary control functions.
These control functions include but are not limited to: responding to actions taken at
a station set, setting up calls placed through key system controller 101, controlling
the application of various tones and determining which station ports to alert and
what method of alerting is to be used. Programmable control units for key systems
30 are well known. They are typically microprocessor based .

Central office (CO) line ports 129-1 through 129-M provide an interface
for key system 101 to a telephone central office for placing calls over the public
switched telephone network. Such line ports are well known in the art. Indeed,
other forms of external interfaces, of which central office (CO) line ports 129 are but

35 one example, may be implemented,
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One commercially avail able series of tel ephone systens will accept both key
t el ephone sets and TR sets in a bridged configuration to a single port
~despite their inconpatibilty (see for instance US-A-4572928). In a such a
configuration, however, only the key set_4s fully operated by the control
unit. The TR device is not alerted by the control unit. Further, a TR
device bridged in such a configuration can neither place calls nor gperate
features. Additional | in a prefersadembastimentef; ssation pors daterface 200, skowa i &ldnd

comuni cat i o | WFLaBEE P08 REICR! )6k St (contiblldR Ole ik s af least
e noo PO Al B0} (FIGH LYWEE - -
Ci Tt | ons. ~ faur (4 conshuetorydapiedi g 8w P A8 BONEY A ROTURASEAGS IERIcRR b

calls that apg fiakh&d BRiefy P& ritCpHinbf RBAduCteEY TR-pdir 201 2hadped to carry

functional g Y ri[ne;negpsiglrl]ﬁ. ES Ca.%a'srix}galtog;sa p%uepea;xdtv%?ce%ggd communication. It is noted
that all of these signals are not necessarily carried simultaneously. A second pair of
conductors, service pair 203, is adapted to carry bi-directional supervisory and
control signals. Operating power intended for non-TR devices, in this preferred
embodiment, is also provided via service pair 203. Again, all of these signals are not

10 necessarily carried simultaneously. Additionally, key system controller 101
regulates access to TR-pair 201 for voiceband communication purposes by a key set
at any of station ports 103 through the use of special supervisory and control
messages. These messages are supplied to transmit data input of 205 of data
transceiver 207 and are ultimately transmitted t0 a key set over service pair 203.

15 Other station port interface embodiments, such as a one pair implementation or a
three pair implementation, are clearly within the scope of the present invention
provided that they are capable of fully operating at least one key telephone set, at
least one tip and ring device or at least a key type set and one or more tip and ring
devices simultaneously bridged onto the same station port.

20 More specifically, shown in FIG. 2 is battery feed, overvoltage
protection, ringing signal sending, supervisory, codec, hybrid, and test (known in the
art as BORSCHT) circuit 209 that provides and detects the tip and ring signals
necessary to operate TR devices. The codec feature is not required for space division
switches and the overvoltage protection and test features are optional. Shown in

25 more detail as specifically being incorporated into BORSCHT circuit 209 are voice
band transceiver 211, voice battery feed 213 and ring generator 215 which are
controlled by key system controller 101 (FIG. 1). BORSCHT circuits are well
known in the art. In this example, key system controller 101 supplies the operating
power required by BORSCHT circuit 209. The operating power includes but is not

30 limited to: +5 volts (lead 217), GROUND (lead 219) , -5 volts (lead 221), -48 volts
(lead 223) and -200 volts (lead 225). Voiceband signals to be transmitted to a station
set are supplied to TRANSMIT VOICE input 227. Further, signal DISCONNECT,
on lead 229 enables key system controller 101 (FIG. 1) to control the application and
removal of loop current to and from TR-pair 201 by voice battery feed 213. This

35 allows key system controller 101 to generate and supply a remote disconnect signal
to a TR device. Application of ringing signal to TR-pair 201 at each of station ports
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of an additional port or a special adaptor. Similarly, the use of a nodem
bridged with a key set would require placing the call by manual dialing
froma key set. Also, a potential exists in such a configuration that data
being supplied to or fromthe nmodem could be corrupted by voice i nf or mati on
being transmtted fromthe key set. Al so, thrs prior system does not
recogni ze pulse (rotary) type dialing froma TR device in any

configuration. 103 ig individually controllably via RING ON signal 231 supplied by key system
controller 101.

Voiceband communication, including multi-frequency signalling tones,

transmitted from station sets attached to interface 200 are supplied by BORSCHT

S circuit 209 to key system controller 101 (FIG. 1) on RECEIVE VOICE output signal

233. Depending upon the state of the call at any of station ports 103 this signal may

be switched in key system controller 101 to another one of station ports 103 or

supplied to a multi-frequency tone detector for extracting the signalling information

contained in the tone and decoding the button depression. Thus, TR-pair 201 is used

10 both for alerting purposes at TR devices and for voiceband communications with key
or tip and ring station sets.

BORSCHT circuit 209 provides the supervisory function at each of
station ports 103 (FIG. 1) by supplying output signal DP on lead 235 to key system
controller 101 which indicates that an at least predetermined minimum loop current

15 value is being drawn from BORSCHT circuit 209 by TR-pair 201. Each key set
attached to interface 200 may draw a predetermined maximum loop current from
TR-pair 201. An exemplary predetermined maximum current drawn by a key set is
7 mA. Similarly, a TR device attached to interface 200 draws no current in the on-
hook state and may draw a predetermined minimum loop current from TR-pair 201

20 in the off-hook state. An exemplary predetermined minimum current drawn bya TR
device in the off-hook state is 15 mA. TR devices draw more loop current than key
sets that are completely compatible with interface 200. If the predetermined
minimum current detected by interface 200 was set to be less than the predetermined
maximum drawn by a key set, output signal DP on lead 235 would be falsely

25 asserted when loop current was drawn by a key set. It is important that only the
current drawn from TR-pair 201 by a TR device in its off-hook state is detected. The
amount of current drawn from TR-pair 201 by a key set should not be detected. This
is realized by asserting output signal DP on lead 35 only when the current drawn
from TR-pair 201 is greater than the maximum current drawn by key sets bridged

30 onto a single one of station ports 103. When an appropriate current value is chosen
and implemented, in accordance with an aspect of the invention, key system
controller 101 can detect tip and ring pulse signalling (switch-hook state and rotary
dialing) by monitoring the status of output signal DP on lead 235. An exemplary
current value is 10 mA.
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-2-+ device in any configuration. Sumrmary of the Invention
The invention as clained in claim1l (apparatus) and claim22 (nethod).
-Brief Description of the Draw ng

-6-

Data transceivers: 207 and capacitors 237 bi-directionally couple data
from key system controller 101 (FIG. 1) to service pair 203. The data signaling
arrangement used must match that employed by a corresponding data transceiver
located in an attached remote key set for communication to take place. The data

5 packets, in this example, are transmitted in a so called "ping-pong" fashion. Further,
cach data packet comprises 24 bits, wherein the first 16 bits are the actual
information containing a supervisory and control message and the last 8 bits are a
checksum computed in a predetermined fashion based upon the first 16 bits of
information. Each 16 bit message can yield only one checksum. A data packet is

10 valid when the 8 bit checksum it contains corresponds to the 16 bits of information
therein. Each 16 bit pattern is predefined as a command, a status indication or other
necessary information required to be transported between key system controller 101
and a key set for supporting implementation of enhanced functionality features. As
an example, packet 000000000000010100010100 indicates that a key set should
15 sound a predetermined alerting tone. The formation of such message sets is well
known in the art. The data signals that are superimposed in this example conform to
those disclosed in United States Patent 4,454,383, Of course, utilization of any other
signaling method that can be superimposed is not precluded. In accordance with an
aspect of the invention, a predetermined subset of the supervisory and control
20 messages are messages that signal alerting to a key set. Furthermore, at least the
alerting message subset may be supplied from key system controller 101 through one
of station ports 103 for transmission to a key set independent of the state of or
signals appearing on TR-pair 201. Also, in accordance with an aspect of the -
invention, a subset of messages is reserved for regulating the transmission and
25 reception of voiceband signals by a key set over TR-pair 201. Thus, for example, a
first message would indicate to a key set that it should disable voiceband
transmissions and a second message would indicate that the key set should enable
voiceband communication transmission. Similarly, messages indicating enable and
disable voiceband communication reception may be provided. Another group of
30 messages could indicate that a key set should disassociate itself from TR-pair 201
with regard to voiceband communications by placing itself in a high impedance
state.
. Capacitors 237 block any DC power that is placed on service pair 203
from reaching data transceiver 207. Outbound supervisory and control messages
35 from data transceiver 207 are passed through capacitors 237 which superimpose the
messages onto the power that is present at CT and CR for transmission to a remote
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I'n the Draw ng: FIG 1 depicts a key systemcontroller

enbodyi ng aspects of the ‘invention; FIG 2 shows an exenpl ary
i-mpl enent ation of interface apparatus required in a station port of a key
system control ler for operating and controlling a tip and ring device, a
key set or both sinmultaneously to operate dbver a two conductor pair
connecti on; FIG 3 displays, in flow chart form an exenplary

i npl enent at i on ke séd myddiﬁ@m? | Capapitdrs 237 ipaskss p&lvisbtyw\dtcon&ol ussagaahb@.uﬂnt
FIG 4 shows, igh s RmOBLey dePid had raRiceiVer 30Y. OPROSA TR R Lkt 239 protects
data transceiver 207 from large voltage transients that may become present on CT
and CR. In this example, protection unit 239 comprises zener diodes 214-T and
5 214-R configured to clamp any signal to their rated value.

Power feed unit 241 blocks the transmission of AC signals, i.e., the data
signals containing the control and supervisory information, yet permits the passage
of DC signals, i.e., operating power, outward over service pair 203 to a remote key
set. The DC power is supplied to station ports 103 from key system controller 101

10 (FIG. 1), in this example, as -48 volts (on lead 223) and GROUND (on lead 219). In
a preferred embodiment, power feed unit 241 contains transistor based constant
current drivers, which are well known.

An additional feature of interface 200, in accordance with another aspect
of the invention, is the ability to independently control, at each of station ports 103

15 (FIG. 1) of key system controller 101, the application and removal of the power
supplied to a remote key set. In this example, control input POWER ON (on lead
243) of power feed unit 241 is used by key system controller 101 (FIG. 1) to control
the actual feeding of power to service pair 203 by power feed unit 241. This power
control provides a mechanism for controllably applying power to each of station

20 ports 103 at start up to prevent the drawing of excessive start up power from key
system controller 101. Also, the capability to control power application provides the
ability to induce a key set to re-initialize itself as when power is first received by the
key set. This capability is used to attempt to restart key sets that are not responding
with valid messages in the expected manner. The cycling of power off and on for

25 predetermined periods is typically detected by a power on reset unit located in a key
set which generates a RESET indication that is supplied to a control circuit therein
for restarting the key set.

Incorporated into power feed unit 241 is optional overload protection
unit 245 which determines if an excessive amount of power is being drawn from the

30 station port into which it is incorporated. If the drawing of an excessive amount of
power is detected, optional overload protection unit 245 will automatically cause
power feed unit 241 to cease supplying power 1o service pair 203. Power can then be
reapplied after a predetermined time period has elapsed. Alternatively, output, OL
{on lead 247), may be supplied from interface 200 to key system controller 101

35 (FIG. 1) to indicate that an overload condition has occurred. Key system controller
101 can then reapply power through the use of input signal POWER ON (on lead
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direct transfer of a call to the transferor station port; FI G
5 depicts, in flow chart form an exenplary inplenentation of placing a
call to the calling station port; FIG 6 illustrates an
exenpl ary inplenentati on of MEWPRI C operation, in flow chart form

FIG 7 shows, in flow chart form an inpl efentation of "barge in"

prevention; . FIG 8 is a flow chart form expression of a
specific emOthAﬂfeicbﬁFvedﬁhé&ﬂtr&' fowed! Bhy 'bEQirHWﬂ f&mﬁﬁk \inller & SRORC!
to alerting via,ringing,signal; and 9 shows an exenpl ary
i pl enent at i on CiFRt art form of FAX

The ability of station ports 103 in key system controller 101 comprising

interface 200 to signal alerting independently via ringing signal supplied to TR-pair

5 201, via messages indicating alerting transmitted on service pair 203 for a key set or

via both techniques simultaneously in addition to control by key system controller

101 of voiceband communication access by a key set at any of station ports 103

allows for incorporation of additional user features into key system controller 101.

These new features are implemented in programmable control unit 127 of key

10 system controller 101 for determining whether to signal alerting via ringing signal

supplied to TR-pair 201 only, to signal alerting via messages indicating alerting

transmitted on service pair 203 for a key set, via both techniques simultaneously or

not to signal alerting at all. The decisions and determinations made by

programmable control unit 127, as well as the interactions of the apparatus with the

15 user via operations that have affect and are effected at the remote station sets, define

the operation of each feature. It may be required that certain parameters and

specifications for the operation of a feature be determined prior to use of a feature at

a particular one of station ports 103. The new features include the following: ring

specific applications relating to an external event; direct transfer of calls to the

20 transferor station port; calling other sets on the same station port; MEWPRIC

(Multiple Extension With Personal Ringing on Incoming Calls) operation, i.c., a

party line type of operation where the TR device and the key set sharing a single

station port of station ports 103 are assigned different endpoint addresses; prevention

of “barge in", i.e., bridging, by a key type set onto a call to a TR device; time

25 phasing of rings to allow for a coverage operation; and FAX trouble indication. It

should be noted that when alerting at a key set is to be prevented or delayed the

messages specifying audible alerting that would normally be transmitted are

inhibited by key system controller 101. However, illuminated status indicators in the

key telephone system may be, depending upon the implementor’s desire,

30 appropriately updated to reflect any type of alerting that is occurring at station ports
103.

In ring specific applications relating to an external event, a

predetermined condition on an external interface of key system 101 (FIG. 1), e.g.,

central office (CO) line ports 129, is detected by key system controller 101, such as

35 CNG (CalliNG) tone or a special central office ring pattern. Then, in response to the

determination of the existence of the condition, a particular class of stations, ¢.g.,

This Sheet Has Been Replaced

AR

THIS SHEET HAS BEEN
REPLACED




troubl e indication. Detail ed Description FIG | depicts key
systemcontroller 101 having station ports 103-1 to 103-N. Station ports
103 include aspects of the invention. Qther station ports (not shown) that
do not enbody the invention are not precluded from being incorporated into
key systemcontroller 101. For purposes oF%-his exanple, each of station
ports 103 is functionally identical to any other of station ports 103. In a

d f ' i ' i
eparture fr OW%Q! oﬁytm%%éﬁl%g{%% TR abviesy 8l al@ed dtne or

i nvention, eac tatlon’ports i s capabl e of operating at |east_one
conpati bl e keyadet of gationports 403 Fop example; LG ope “()Fle‘&‘f"‘gé’&s‘i"‘ﬁall@ﬁﬁﬁype
set and one of (QD) tiné pOrtaARY-T bily thisuei ofsativh Pekts A0 ahat!have been preprogrammed
specifically for FAX service in response to a detection of CNG tone received on
5 central office (CO) line port 129-1 will be alerted. Further, the only alerting at
preprogrammed ones of station ports 103 will be only via ringing signal applied to
TR-pair 201. CNG tone is a tone to indicate a calling non-speech device comprising
a repeated 1100 Hz tone that is ON for 0.5 seconds and off for 3 seconds until an
appropriate response is received or a time-out occurs. Alternatively, the detection of
10 two short rings and one long ring on one of central office (CO) line ports 129
indicates that a call is destined for the boss of a boss-secretary team. If the boss and
secretary are sharing one of station ports 103, the boss having a key set and the
secretary having a tip and ring telephone set, only alerting messages over service
pair 203 are transmitted. In another example, the detection on one of central office
15 (CO) line ports 129 of standard ringing causes the transmission of both ringing
signal and alerting messages.

An cxemplary implementation of this feature, illustrating the
determination to ring only via tip and ring ringing signal in response to a detected
external event, is depicted in flow chart form in FIG. 3. Prior to actual operation of

20 the feature, key system controller 101 is programmed so that the several of station
ports 103 that are responsive to a particular predetermined external event E are
included in a group G. In this example, when an external event is detected key
system controller 101 will alert only TR devices on those of station ports 103 that
are included in group G. This is done by only signalling alerting via ringing signal

25 supplied to TR-pair 201 (FIG. 2) of the selected station ports 103. ,

Accordingly, the routine is entered via step 301 upon detection of a
predetermined external event E. This detection could be hardware based, software -
based or a combination thereof, at the implementor’s discretion. Thereafter, in step
303, a variable P is assigned the value of PMIN, the lowest station port address of

30 station ports 103. Next, conditional branch point 305 tests if station port P is
included in group G. If the test result in step 305 is YES, control is passed to step
307 signal alerting via ringing signal supplied to TR-pair 201 (FIG. 2) of station port
P. Thereafter, control is passed to step 309. If the test result in step 305 is NO,
control is passed directly to step 309. Step 309 increments P to point to the next

35 sequential one of station ports 103. Thereafter, conditional branch point 311 tests if
the value of P is greater than PMAX, the highest station port address of station ports
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bri dged onto the sanme station port without the use of any special service
circuits or adaptors to provide previously unavailable features to a user.
One such key set

10

15

20

35

-10-

103. If the test result in step 311 is NO, control is passed back to step 303 to test the
current station port P. If the test result in step 311 is YES, the routine is exited via
step 313. Those skilled in the art will be able to construct other implementations
such that station ports in another group are rung in another fashion, e.g., only
alerting via messages to the key set in response to other events, without violating the
scope or spirit of the invention.

Direct transfer of calls to the transferor station port is a novel extension
of the well known key system transfer operation. In addition to regular transfers,
calls may be transferred from a TR device at one of station ports 103 (FIG. 1) to
another or the same TR device at that station port, only a key set at that station port
or to both a key set and the TR devices at that station port. Alternatively, a call may
be transferred from a key set to a TR device at that station port. This feature is
useful for transferring calls to or from a FAX machine to facilitate reception or
transfer of a FAX during a voice conversation. Another use of this feature would be
to transfer a call between a boss and a secretary bridged onto one of station ports
103, as described above, for call screening purposes. Additionally, this technique
could be used to transfer a call to a tip and ring telephone or key set in another part
of a large room or a different room, yet limiting the total number of station ports 103
required.

A transfer to the transferor station port of station ports 103, is
accomplished by a predetermined sequence of switch hook flashes and/or button
depressions. For example, by initially activating the transfer feature through the
pressing of the transfer button on a key set and dialing a predetermined code
specifying the transfer type selected, i.e., a transfer to the transferor station port. A
call being transferred to a key set can begin alerting via alerting messages
transmitted over service pair 203 (FIG. 2) immediately upon completion of the
transfer command. A call being transferred to a TR device should require that all TR
devices bridged onto that station port of station ports 103 are on-hook before ringing
signal is applied to protect the ears of the transferee from a loud popping noise that
ringing signal can generate in the handset. If an on-hook condition is required, the
detection of on-hook must be accomplished within a predetermined period of time or
an error condition will result. Additionally, when a call is transferred to a TR device
from a key set, key system controller 101 (FIG. 1) should, at the implementor’s
option, instruct the key set via messages on service pair 203 (FIG. 2) to disable its
connection for voiceband communication purposes to TR-pair 201.
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-3- " interface havi ng an interface conpatible with station ports 103 is
described in co- pendi'ng application United States patent application

Serial No. 546,323 filed concurrently herewth. Several of
station ports 103 of key systemcontroller éOl are connected to station
equi pnent in a manner illustrating aspectE1 f the invention. Station port

103-1 of key systemcontroller 101 is shown interfaced to TR device 105.
Station port 103-2 of HGy 4sdepictsyin flow chakrefori) iniexamplecof @ directt transfey of at

107, 150 SPL3Y B iy 3500 §50on Yo R8RS 1 LG DRVRL' B ™)
port. Prior to entry, a transferable call must be established though key system
controller 101 (FIG. 1) to the transferring station port of station ports 103.

5 Accordingly, the call transfer routine is entered via step 401. In step 403 a user
presses the transfer button at a key set attached to one of station ports 103 (FIG. 1).
Next, in step 405 key system controller 101 places the call on hold. Voiceband
signals from the remote party are no longer supplied to TRANSMIT VOICE input
227 (FIG. 2) for voiceband transceiver 211 of BORSCHT circuit 209. Instead,

10 "inside" dial tone (also known as system dial tone, to be distinguished from dial tone
supplied from a central office) is supplied by key system controller 101 to
TRANSMIT VOICE input 227 for transmission on TR-pair 201 (FIG. 2). The inside
dial tone is heard by the user. In step 407 the user dials extension E from the key set.
In this example, extension E must be the extension of TR devices attached to this
15 transferring one of station ports 103. In the usual manner of telephone dialing, when
the first digit of extension E is dialed the inside dial tone is removed (no longer
supplied). Next, conditional branch point 409 tests if any TR devices attached to this
transferring station port are off-hook. If the test result in step 409 is YES, control is
passed to step 411 which causes a busy tone to be supplied to TRANSMIT VOICE
20 input 227 for transmission on TR-pair 201 (FIG. 2). The busy tone is supplied in a
manner similar to that described for the inside dial tone. Control then passes to step
413 and the routine is exited. If the test result in step 409 is NO, control is passed to
step 415 which causes a message to be sent over service pair 203 (FIG. 2) directing
the key set to remove its connection for voiceband communication from TR-pair 201
25 (FIG. 2). This is done so that ringing signal to be supplied in subsequent steps on
TR-pair 201 (FIG. 2) is not audible at the key set. Also, subsequent voiceband
transmissions from the key set will not interfere with the voiceband transmissions
originating at the transferee TR device. Step 417 then alerts the TR device via
ringing signal supplied to TR-pair 201 (FIG. 2). Next, control is passed to step 419
30 which retains control until the detection of an off-hook on TR-pair 201 (FIG. 2).
Upon detection of an off-hook on TR-pair 201 (FIG. 2) control is passed to
conditional branch point 421. Conditional branch point 421 tests if the key set
attached to this station port and initiating this transfer is off-hook. If the test result
in step 421 is YES, control is passed to step 423 which indicates that the transfer in
35 not completed yet. Control is then passed back to step 421. If the test result in step
421 is NO, control is passed to step 425 which removes the transferred call from
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at station port 103-3 to TR device 109 and key set 111 via bridgi ng adapter
(BA) 113, which is a conventional tel ephone Y type jack. Nothing precludes
bridging adaptor 113 frombeing directly incorporated into key system
controller 101 or a key set. Bridging adaptor 113 is shown separately only
for clarity purposes. Alternatively, bridd@rg adaptor 113 coul d be
elimnated and a direct paraIIeI connectlon made between TR device 109 and

Eﬁ?lt S\?\;n gﬁll sBan ea#)%éed key | nt er %\gﬁﬁ@%@? wSTRWNSMFF% to
and control | ed28 (E@ éﬂ'@e‘?ﬁ‘% & veicebasd %“%‘é&f%\rﬁnoﬁbggégp ‘aﬁb9
optional bri dgwg'kaﬁhaﬂwraxm ﬂ?fmfmﬂevmammﬂgmmm vilstep 413
gﬂ)hg;elgdi, na R control mr&xuhe&'tg A ad 'k’l9 sy?teephoa'%nx%ll% a siftilaf Aag beas will
5 be apparent to one skilled in the art, other transfer mechanisms can be implemented.
Additionally, transfer from TR devices to key sets or to other TR sets or a
conmhwﬁmnﬂwmnfcmlbeaunmgaiwmhmn\mﬂmim;mc:mqm:mulqﬁﬁtofﬂw
invention. '

Calling other sets on the same one of station ports 103 as the calling set

10 is similar to direct transfer to the transferor station port except that there is no
requirement to establish a transferable call though key system controller 101 (FIG. 1)
prior to starting the routine. An example of placing a call via this method is shown
in FIG. §, in flow chart form. The exemplary call to be placed is a call from a TR
device to a key set. .Prior to entry, a TR device must go off-hook at a station port on

15 which is also bridged a key set.

Accordingly, the routine is entered via step S01. Step 503 causes inside
dial tone to be supplied to TR-pair 201 (FIG. 2). The user at the off-hook TR device
can hear the inside dial tone. In step 505, the user dials extension E from the TR
device. In this example, extension E must be the extension of a key set attached to

20 this station port. In the usual manner of telephone dialing, when the first digit of
extension E is dialed the inside dial tone is removed (no longer supplied). Next,
conditional branch point 507 tests if the key set attached to this station port is off-
hook. If the test result in step 507 is YES, control is passed to step 509 which exits
the routine. If the key set was granted access to voiceband communications on TR-

25 pair 201 (FIG. 2) at the time it went off-hook, communication can take place
between the TR device and the key set. If the test result in step 507 is NO, control is
passed to step 511 which alerts the key set by supplying appropriate alerting
messages on service pair 203 (FIG. 2). Control is then passed to step 513 which
retains control until the key set goes off-hook. When the key set goes off-hook

30 control is passed to step 515 which sends a CONNECTVP message to the key set
over service pair 203 (FIG. 2) instructing the key set to enable access for voiceband
communications over TR-pair 201 (FIG. 2). Voiceband communication can now

take place between the TR device and the key set. The routine is then exited via step
509. : ' '
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parallel with button box 115. Al so shown are optional button boxes 121 and
123 which are cascaded with button box 115. Additionally, shown is the
attachnment of optional key set 125 via button box 115. Wthin the scope of
the present invention mnmany other configurations of equi pment conbinations
and station port assignnents can be inpleﬁ%nted. Coor di nati ng
the overall operation of key systemcontrol'ler 101 is progranmable control

unit 127 which provi degnain alibypaiee Gfiplediestation)! ml féaunetamnsenﬂ@sq feafiiré Ol
Stati on st HHVRRRR picc i, 'h?etsﬁwz#md 16 R, W dprBinralty e e °
controlling tha mymwatmmhwwﬂwmmsfmdodm 103 (prgvidied ¢irat alldFR on
ports to alertyaids are on-hook or go on-hook within a predetermined period of time.)

S . The ability to separately or simultaneously alert TR devices and key sets
enables the assignment of a separate endpoint address at each station port of station
ports 103 for the TR devices, the key sets or a combined address. Use of this
multiple assignment arrangement is known as MEWPRIC (Multiple Extension With
Personal Ringing on Incoming Calls) operation. This allows one to make a call to a

10 particular set class (key, TR, or any set) on each of station ports 103. A caller from
another one of station ports 103 could place a call to only the TR devices on the
destination station port of station ports 103 by specifying during dialing the endpoint
address of TR devices at the destination station port. Thus, for example, any station
port of station ports 103 in the system could place a call directly to a FAX machine,

15 the lone TR device at that station port, even if a key set is bridged on. Alternatively,
a caller from one of station ports 103 could place a call only to a key set on the
destination station port by specifying during dialing the endpoint address of the key
set at the destination station port. In another scenario, a caller from another station
port of station ports 103 could place a call to any unit attached to the destination

20 station port by specifying an endpoint address that includes both the TR device and
the key set, i.e., it causes alerting on both TR-pair 201 (FIG. 2) and on service pair
203. Another variation that combines direct inward system access, DISA, (a feature
well known in the art) with the MEWPRIC operation allows outside callers to
specify the particular device type they wished to reach at their selected particular

25 station port of station ports 103, if they know the correct endpoint address.

In an exemplary implementation of the MEWPRIC operation, shown in
flowchart form in FIG. 6, each of station ports 103 (FIG. 1) is assigned three (3)
predetermined telephone extension numbers represented in functional form as
E(X,Z). X is a variable that can assume values that correspond to the number of one

30 of station ports 103, i.e., a value from 1 to N. Thus, station port 103-X, at any
particular instant in time, is whichever of station ports 103 the number of which
corresponds to the value of X at that instant. Z is also a variable and indicates the
type of alerting to be supplied. A value for Z of 1 corresponds to a TR devices only,
a value of 2 to a key set only and a value of 3 to any set (both TR devices and key

35 sets). A mapping function, determined by the implementor, derives either the values
of X and Z when given an extension E(X,Z) or the value of extension E(X,Z) when
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‘what nethod of alerting is to be used. Programmable control units for key
systens are well known. They are typically m croprocessor based.

Lentral office (CO line ports 129-1 through 129-M provide an interface for
key system 101 to a tel ephone central office for placing calls over the
public switched tel ephone network. Such kilde ports are well known in the
art Indeed, other forns of external interfaces, of which central office

(CO line porigoplizd *ith ilhes B )Pme’O@)éxBﬁplbW QUBANA aflapping would be
implemented via a look-up table. Mapping functions and implementations thereof
are well known. Referring to FIG. 6, the routine is entered via step 601 upon the
detection of an off-hook at one of station ports 103, in this example, station port

5 103-A (FIG. 1). In step 603 the user at station port 103-A dials an extension with a
value of E. (A) is a constant and corresponds to the number of the one of station
ports 103 from which the user is calling. Next, conditional branch point 605 tests if
E=E(A,*) where * signifies any value of a.variable that will allow the equality to be
true is acceptable to satisfy the test. If the test result in step 605 is YES, control is

10 passed to step 609 which supplies a busy tone to TR-pair 201 (FIG. 2) of station port
103-A. The routine is then exited via step 611. If the test result in step 607 is NO,
control is passed to step 607 in which variable X is assigned to a value
corresponding to the number of the first station port in the system. Control is then
passed to conditional branch point 613 which tests to determine if the value of E is

15 equal to E(X,1). If the test result in step 613 is YES, control is passed to step 615
which alerts the station port of ports 103 corresponding to X, i.e., port 103-X, by
causing ringing signal to be supplied to TR-pair 201 (FIG. 2) of that station port.
The routine is then exited via step 611. If the test result in step 613 is NO, control is
passed to conditional branch point 617 which tests if the value of E is equal to

20 E(X,2). If the test result in step 617 is YES, control is passed to step 619 which
alerts station port X by causing alerting messages to be supplied to service pair 203
(FIG. 2) of port 103-X. The routine is then exited via step 611. If the test result in
step 617 is NO, control is passed to conditional branch point 621 which tests if the
value of E is equal to E(X,3). If the test result in step 621 is YES, control is passed

25 to step 623 which alerts station port X by causing ringing signal to be supplied to
TR-pair 201 (FIG. 2) of station port 103-X and by causing alerting messages to be
supplied to service pair 203 (FIG. 2) of station port 103-X. The routine is then
exited via step 611. If the test result in step 621 is NO, control is passed to step 625
which tests if there are any further station ports to test. If the test result in step 625

30 is NO, control is passed to step 627 which causes an error tone to be supplied on
TR-pair 201 (FIG. 2) and heard by the user at station port 103-A. The routine is then
exited via step 611. If the test result in step 625 is YES, control is passed to step 629
which assigns to X the value of the next sequential one of station ports 103. Control
is then passed back to conditional branch point 613.
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-4 In a preferred enbodi nent of station port interface 200,
showmn in FIG 2, each of station ports 103 (FIG 1) of key system
<ontroller 101 utilizes at |east four (4) conductors adapted for
transferring power and conmmuni cations to.ggvices to

The use of messages from key system controller 101 that regulate key
set access to voiceband communication on TR-pair 201 (FIG. 2) can be used to
prevent "barge in" i.e. bridging, by a key set onto a conversation already in progress
with a TR device. One method of using this feature is to activate it on a call by call

5 Dbasis, either prior to or during the call. Alternatively, the feature could be
programmed to be constantly active at a station port. One use for this feature would
be to prevent a user from corrupting a facsimile transmission by going off-hook on a
key set bridged with a FAX machine. In addition to preventing transmission by the
key set, reception by the key set can also be inhibited to provide privacy and prevent -
10 eavesdropping.

An exemplary implementation of "barge in" prevention is shown in flow
chart form in FIG. 7. The station port or set of station ports 103 for which "barge in"
prevention is to be activated must be predesignated as a station port at which this
feature may be activated prior to actual activation of the feature. This predesignation

15 may be performed by user custom programming, administration or may be
predetermined and supplied in a default manner. The feature is activated by a
detection of an off-hook message supplied from a key set at one of station ports 103
and the routine is accordingly entered at step 701. Thereafter, conditional branch
point 703 tests if the barge in feature is activated on this station port. If the test

20 result in step 703 is NO, control is passed to step 705 which sends a CONNECTVP
message to the key set. A CONNECTVP message instructs the key set to enable
access for voiceband communications over TR- pair 201 (FIG. 2). The routine is
then exited via step 707. If the test result in step 703 is YES, control is passed to
conditional branch point 709 which tests if a TR device is off-hook at this station

25 port. If the test result in step 709 is NO, control is again passed to step 705 which
sends a CONNECTVP message to the key set and the routine is exited via step 707.
If the test result in step 709 is YES, the routine is exited via step 707 and a
CONNECTVP message is not sent to the key set. Thus, the key set remains
disconnected from TR-pair 201 (FIG. 2) so that voiceband communication cannot

30 take place with the key set.

Another novel feature incorporated into progiammable control unit 127
is the ability to preprogram a delay in alerting on either TR-pair 201 (FIG. 2) or on
service pair 203 or to delay both. When both are delayed the same amount of time,
the result is a conventional delayed ring feature. It may be desirable to delay ringing

35 on TR-pair 201 (FIG. 2) so that a person would be more likely to answer the call at a
key set. If no one was available to answer the call, after a predetermined number of
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‘be attached Briefly, a first pair of conductors, TR-pair 201, is adapted to
carry ringing signal, tip and ring | oop power and voi ceband communi cati on.
4t is noted that all of these signals are not necessarily carried

si mul t aneously. A second pair of conductors, service pair 203, is adapted
to carry bi-directional supervisory and *d6ntrol signals. Operating power

I ntended for non- TR deV|ces inthis preferred embodinent, is also provided

Carried s mitg 80 eous iR e ol oS weropth i sigtal nsd n aaricing

, r
access to TR-TpaEHnG GFSW@EG&**&“QJM%“{‘&?%& ‘gﬁ?’[}%é c’ilﬁ%u £ es
any of stati Odj'si%&{édixldﬁs séd\ipPfedfa Bos-secretary arfangenaht bridged\ontwoye af statiomt roI

messages.  Thes 2 Toss T aft progtedimed t fify mr;&‘é‘a%a”iciy H3hé TR B ViceYnieh worda dat @
5 be the secretary’s telephone. Delayed ringing is programmed for the key telephone
belonging to the boss. An incoming call would normally ring at and be answered by
the secretary so as to be screened without disturbing the boss. If the secretary was
away from his/her desk, after a predetermined delay, the call would alert at the boss’
desk so that he/she could answer it.

10 FIG. 8 shows, in flow chart form, an exemplary implementation of
delayed ringing at a key set only. Prior to activation of this feature at one of station
ports 103, the station port on which it is to be activated must be designated as a
station port at which this feature is to be invoked. Again, this designation may be
performed by user custom programming, administration or the designations may be

15 predetermined and supplied in a default manner. Additionally, D, the delay time in
units of number of ring cycles that ringing is to be delayed by at the key set, must be
preprogrammed. This feature is activated when a called is placed to a particular one
of station.ports 103, in this example station port 103-P, for which a designation and
programming has been entered. Accordingly the routine is entered via step 801. In

20 step 803, the number of ring cycles that ringing has already been delayed, T, is
initialized to zero(0). Next, any TR devices at station port 103-P are alerted by the
supplying of one cycle of ringing signal to TR-pair 201 (FIG. 2) of station port 103-
P in step 805. Thereafter, conditional branch point 807 tests if T is greater than or
equal to D. If the test result in step 807 is YES, control is passed to step 809 which

25 alerts the key set with one cycle of alerting messages. Control then passes to
conditional branch point 811. If the test result in step 807 is NO, control is passed
directly to conditional branch point 811. Conditional branch point 811 tests if
station port 103-P is indicating an off-hook, either by a TR device or a key set. If the
test result in step 811 is NO, control is passed to step 813 which increments T and

30 passes control back to step 805 to implement another alert cycle. If the test result in
step 811 is YES, control is passed to step 815 which stops all alerting at station port
103-P. The routine is then exited via step 817.

- FAX trouble indication is another new feature that is incorporated into
programmable control unit 127. One of station ports 103 is preprogrammed as a

35 FAX station port. Calls to the FAX station port must be answered by the indication

of an off-hook signal on TR-pair 201 (FIG. 2). If the call is not answered by the
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transceiver 207 and are ultimately transmtted to a key set over service
pair 203. Qther station port interface enbodiments, such as a one pair

i npl ementation or a three pair inplenmentation, are clearly within the scope
of the present invention provided that tbhgy.are capable of fully operating
at |east one key telephone set, at l|east one tip and ring device or at

| east a key type set and one or m)re t and devi ces .Si ul t.aneousl.y
bri dged ont o imdication:of-an-0ff-baok signal -pan' %ﬁes 9? '\Rﬂ’ in
FIG 2 is bat taaamaqsb:hqygmalata osiauduwenofaaml For examyle,

205 that pi oviBdERAR RUEE, AL éﬂré’““ h gne of epon e L0t 5 dns EAR L o

TR devi ces. Thmahhﬁewoﬁldabmﬂhxmaamd.t Alemnnvely ﬁbnn smimhjnswxppcmd within a
5 specified predetermined time at a preprogrammed one of station ports 103 in
response to a predetermined condition, eg., a far end disconnect, then an audible tone

is provided at one station port of station ports 103 designated for an attendant.
Shown in FIG. 9, in flow chart form, is an exemplary implementation of
FAX trouble indication. Again, the ones of station ports 103 for which the feature is
10 to be activated must be predesignated. Also, a station port at which the trouble
indication is to be given must be predesignated. The routine is entered in step 901
when a call is placed to a station port predesignated for FAX trouble indication. In
step 903, the number of ring cycles that have elapsed, R, is set to zero (0). One cycle
of alerting via ringing signal supplied to TR-pair 201 (FIG. 2) is performed in step
15 905. Next, conditional branch point 909 tests if a TR device has gone off-hook at the
station port. If the test result in step 909 is YES, control is passed to step 911 which
stops all alerting at the station port. The routine is then exited via step 913. If the
test result in step 909 is NO control is passed to conditional branch point 915 which
tests if the number of ring cycles R that has elapsed is greater then RMAX, the
20 maximum allowable ringing cycles before trouble is indicated. If the test result in
step 915 is NO, control is passed to step 917 which increments N and passes control
back to step 905 to provide further alerting. If the test result in step 915 is YES,
control is passed to step 919 which provides a FAX trouble indication at the
predesignated one of station ports 103 by illuminating a predetermined indicator or

25 providing an audible signal. The routine is then exited via step 913.
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‘swi t ches and the overvoltage protection and test features are optional.
Shown in nore detail as specifically being incorporated i nto BORSCHT :
<ircuit 209 are voice band transceiver 211, voice battery feed 213 and ring
generator 215 which are controlled by key system controller. 101 (FIG 1).
BORSCHT circuits are well known in the art In this exarrple key system

control ler 101 supplies the operating_ p requi r ekhisiSYeeBER I rcuit
209. The -operating power includes -but" not lim ted acf‘F ead
217), GROUND (lead 219) , -5 volts (I ead 221), -48 MH@ ) and

-200 volts (l ead 225). Voiceband signals to be transm

ation set

are supplied to TRANSM T VO CE i nput 227. Further, signal DI SCONNECT, on
| ead 229 enabl es key system controller 101 (FIG 1) to control the
application and

10

15

20

RO
Claims

1. Apparatus in a station port [103] interface of a switching system
control unit {101] adapted for controlling a plurality of remote station units over a
conductor pair {201} comprising: |

means for supplying all signals required to operate and control {209] a
TR device [105, 109, 119] regardless of whether a key set [107, 111, 125] is also
bridged onto said station port; and

means for supplying directly all signals required to operate and control
[207, 237, 239, 241] said key set [107, 111, 125] regardless of whether said TR
device [105, 109, 119] is also bridged onto said station port;

the apparatus being CHARACTERIZED IN THAT said means for
supplying all signals [209] to operate said TR device [105, 109, 119] and said means
for supplying all signals to operate [213, 125] a key set [107, 111, 125] controllably
supply said signals independently and simultaneously such that said station port
[103] can at least alert said TR device [105, 109, 119] and said key set (107, 111,
125] independently, simultaneously or not at all.

2. The apparatus as defined in claim 1 further CHARACTERIZED BY
means adapted for sending and receiving voice band communication [211] over said
first conductor pair [201].

3. The apparatus as defined in claim 1 CHARACTERIZED IN THAT
said means for supplying all signals to [209] to operate said TR device {105, 107,
119] includes means adapted for supplying tip and ring ringing signal to said first
conductor pair [215]. :

4, The apparatus as defined in claim 1 CHARACTERIZED IN THAT
said means for supplying all signals [209] to operate said TR device [105, 109, 119]
includes means adapted for providing tip and ring loop power [213] to said first
conductor pair [201]. '
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renoval ‘of

di seennect.-.

| oop current to and from TR-pair 201 by voice battery feed 213.
This all ows key systemcontroller 101 to generate and supply a renote

201 at each of station ports
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5. The apparatus as defined in claim 1 CHARACTERIZED IN THAT
said means for supplying all signals directly all signals to operate and control said
key set [107; 111, 125] includes means adapted for sending and receiving
supervisory and control signals {207] to a second conductor pair [203].

6. The apparatus as defined in claim 1 further CHARACTERIZED BY
means for controllably applying and removing power [241] intended for use by a key
set (107, 111, 125] to a second conductor pair [203].

7. The apparatus as defined in claim 1 CHARACTERIZED IN THAT
said switching system control unit further includes means for determining [127]
whether to alert said station port [103] only via supplying ringing signal, only via
supplying alerting messages, via supplying both ringing signal and via supplying
alerting messages simultaneously on said station port [103] or not to alert at said
station port [103] at ail. |

8. The apparatus as defined in claim 6 CHARACTERIZED IN THAT
said means for—controllably applying [241] is responsive to reception of valid
supervisory and control signals supplied from said second conductor pair [203] for
supplying and removing said power.

9. The apparatus as defined in claim 6 CHARACTERIZED IN THAT
said means for controllably [241] applying is responsive to the amount of said power
being drawn wherein said power is removed if a predetermined threshold amount is
exceeded [245]. : |
10. The apparatus as defined in claim 9 CHARACTERIZED IN THAT
said power is reapplied after a predetermined amount of time has elapsed.

11. The apparatus as defined in claim 7 CHARACTERIZED IN THAT
said means for determining [127] is responsive to predetermined detectable external
events.

12. The apparatus as defined in claim 7 CHARACTERIZED IN THAT
said means for determining {127] is responsive to call transfer mechanisms of said
switching system control unit {101] for transferring an already established call at
said station port [103] directly back to said station port [103].

13. The apparatus as defined in claim 7 CHARACTERIZED IN THAT
said means for determining {127] is responsive to call placement mechanisms of said
switching system control unit for placing a new call from said calling station port

* C L M s ¥

si.gnal _to a TR device. Application of ringing signal to TR-pair

REPLACED

THIS SHEET HAS BE

=]




103" is individually controllably via RING ON signal 231 supplied by key
systemcontroll er 101. Voi ceband comruni cati on, i ncl uding

-mul ti-frquency signalling tones, transmitted fromstation sets attached to
interface 200 are supplied by BORSCHT circuit 209 to key systemcontroller

101 (FIG 1) on RECElIVE VO CE out put <i2@at B
NN

[103] directly to said calling station port [103].

14. The apparatus as defined in claim 7 CHARACTERIZED IN THAT
said means for determining [127] is responsive to a particular endpoint address
specified for said station port [103], said endpoint address being a member of a set of

5 endpoint addresses identifying said station port [103], such that each particular
endpoint address of said set encodes a particular type of alerting to be generated and
supplied to said station port [103].

15. The apparatus as defined in claim 7 CHARACTERIZED IN THAT
said means for determining [127] is responsive to a predetermined selection for said

10 station port {103] for establishing a delay in commencing alerting via ringing signal
relative to commencing alerting via alerting messages or for establishing a delay in
commencing alerting via alerting messages relative to commencing alerting via
ringing signal.

16. The apparatus as defined in claim 15 CHARACTERIZED IN THAT

15 said means for determining [127] is further responsive to a predetermined selection
of a duration for said delay.

17. The apparatus as defined in claim 7 CHARACTERIZED IN THAT
said means for determining [127] is further responsive to a predesignation that said
station port [103] will only alert in response to a call that alerts at said station port

20 [103] with only a single predetermined alert type and wherein said switching system
control unit [101] includes further means [227, 211, 205, 207] for providing an
indication that a call placed to said station port [103] is not answered by a station set
[10S, 107, 109, 111, 119, 125] of a type capable of responding to said single
predetermined alert type within a predetermined period of time.

25 18. The apparatus as defined in claim 7 CHARACTERIZED IN THAT
said means for supplying all signals to operate [209] said TR device {105, 109, 119]
and for supplying all signaling [207] to operate said key set [107, 111, 125] are
responsive to said means for determining [127].

19. The apparatus as defined in claim 2 further CHARACTERIZED BY

30 means for generating and supplying [207] to said key set [105, 109, 119] bridged
onto said station port [103] a message for causing said key set [105, 109, 115] to
disable any voiceband transmission capabllmes within said key set [105, 109, 119]
from said at least first pair [201].
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2337 Dependi ng upon the state of the call at any of station ports 103 this
signal may be switched in key systemcontroller 101 to another one of
-station ports 103 or supplied to a multi-frequency tone detector for

ext r-agddy aI ling information contained in the tone and decoding
the b @QHL%mSAﬁI Thus, TR-pair 2021% & used both for alerting pur poses

at TR r voi ceband conmuni cations wit r| ng
stati BORSCHT .circuit 209 prov ﬂ[mi&mﬂm ory
function at each of station ports 103 (FIG 1) by si gnal

DP on lead 235 to key systemcontroller 101 which |nd| cates that an at
| east predeterm ned m nimum | oop current value is being drawn from BORSCHT

circuit 209 by TR-200i The’4bbardr@€hs defihed @i claim 2 further CHARACTERIZED BY
' means for generating and supplying [207] to said key set [105, 109, 119] bridged
onto said station port [103] a message for causing said key set [10S, 109, 119] to
disable any'.voiceband receivers within said key set {105, 109, 119] from said at least
S first pair {201].

21. The apparatus as defined in claim 2 CHARACTERIZED IN THAT
said means for receiving includes means for detecting a flow of an at least
predetermined amount of loop current [221] to said first conductor pair {201].

22. A method for use in operating a station port interface of a switching

10 system control unit adapted for controlling a plurality of remote station units over an
at least one conductor pair, the method being CHARACTERIZED BY the steps of:

making a determination as to the operating mode of said station port;
supplying a first alerting signal for causing an at least one TR device to
alert, said supplying of said first alerting signal being performed regardless of

15 whether a key set is also bridged onto said station port and supplying a second
alerting signal for causing at least one key set to alert regardless of whether a TR
device is also bridged onto said station port when said detrmination is that said
station port is operating in a first mode; and

supplying a predetermined one of said first alerting signal and said

20 second alerting signal when said determination is that said station port is operating in
a second mode. ' |

23. The invention as defined in claim 22 wherein neither said first
alerting signal nor said second alerting signal are supplied when said determination
is that said station port is operating in a third mode.

25 24. The invention as defined in claim 22 further including the step of
setting said operatmg mode of said station port to said first mode or said second
mode in response to signals received from a user.

.25. The invention as defined in claim 22 further including the step of
setting said operating mode of said station port to said first mode or said second

30 mode in response to signals received from a user at one of either said TR device or
said key set. “

26. The invention as defined in claim 22 further including the step of
setting said operating mode of said station port to said first mode, said second mode,
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att-dached to interface 200 may draw a predeterm ned maxi mum | oop current
fromTR-pair 201. An exenplary predeterm ned maxi num current drawn by a key -
set is 7 mA Simlarly, a TR device attached to interface 200 draws no
current in the on- hook state and nmay draw a predeterm ned m ni mum | oop
curnent from T TR-pair 201 in the off-hook,state. An exenplary predeterm ned
m ni mum current drawn by a TR device im e of f-hook state is 15 mA~ TR
devices draw nmore | oop current than key sets that areumngmlml tible
with interface 200. If the predeterm ned m ni nmum curr mmﬁum
interface 200 was set to be | ess than the predeterninell naxi'nuth dfawn by a

key set, output signal DP on |l ead 235 would be fal sely asserted when | oop

current was drawn by set. It is inportant that only the
or said third moge in response to signals rentgwed%pom a user. Y

27. The invention as defined in claim 22 further including the step of
setting said operating mode of said station port to said first mode, said second mode,
or said third mode in response to signals received from a user at one of either said

5 TR device or said key set.
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current drawn from  TR-pair 201 by a TR device in its off-hook state is
detected. The anount of current drawn from TR-pair 201 by a key set should
not be detected. This is realized by asserting output signal DP on |ead 235
only when the current drawn from TR-pair,201 is grater than the maxi num
curent drawn by key sets bridged onto 4// ngl e one of station ports 103.

When an ap Oﬁﬁyﬁﬁﬁ current value is chosen and inp d, ,in accordance
with an asgbc f ‘e i nvention, key system control fér chn detect tip

and ri.ng p@pﬁﬁmbigﬁalling (switch-hook state and rdotary dialing) by

UQPLEO{Ln%OtLKI?% Lys of ?!}pufOEignal DP on | e 5. An ergzlary current
, 103-1.
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Data transceivers 207 and capacitors 237 bi-directionally couple data from
key systemcontroller 101 (FIG 1) to service pair 203. The data signaling
arrangenment used nust match that enpl oyed by a correspondi ng data
transceiver located in an attached renpje key set for communication to take
pl ace. The data packets, in this exa (9 are transmtted in a so called
"pi ng-pong" fashion. Further, each data packet conprises 24 bits, wherein
the first 16 bits are the actual information containing a supervisory an
control nessage and the last 8 bits are a checksum conputed in a :
predet erm ned fashion based upon the first 16 bits of information. Each 16
bit nessage can yield only one checksum A data packet is valid when the 8

bit checksumit contains corresponds ngthe 16 bUFilp(;qu?rnation

(' ENTER

' 303
P = PYIN —

- 307
SUPPLY RINGING SICNAL | —~
ON TR-PAIR OF P :

309

P>PMAX
?

YES

313
EXIT —
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therein. Each 16 bit pattern is predefined as a command, a status

I ndi cation or other necessary information required to be transported

bet ween key systemcontroller 101 and a key set for supporting

i npl ement ati on of enhanced functionality f4 tures. As an exanpl e, packet

000000000000010100010100—+¢H es that a’'k#y set should sound a

predeterm ned al erti ngrmatlon of such nessage sets s well

known in the art40fTke gnal & -t hat are superi np j s exanpl e

conformto those di sclosed | Unlted States Patent 474 3 Of cour se,

utilization of anpy—ether—si Hg—rethod thag san be superinposed i s not
nventi on, a predeterm ned

precluded. In acg@’rﬁﬂﬂﬂ:d‘ﬁﬂﬂ‘m &Bﬁﬁ@ﬂéﬁ-—m
subset of the su ervwm”@mol mgssages are nessages that signal
alerting to a key s , at lleast the

[ 405

—
THE CALL IS PLACED ON HOLD AND
INSIDE DIAL TONE IS SUPPLIED

r 407

AN EXTENSION E IS DIALED AT THE KEY ,—
SET REMOVE INSIDE DIAL TONE

411
TR DEVICE _
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?
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SEND A MESSAGE T0 KEY SET T0 REMOVE 415
VOICE PATH CONNECTION FROM TR-PAIR

1

ALERT TR DEVICE 417

1 A
TR DEVICE GOES OFF-HOOK | 423

421

KEY TRANSFER
OFF-HOOK NOT COMPLETED
N0

. i, 425
CONNECT TR DEVICE T0 |
THE TRANSFERRED CALL
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al erti ng nessage subset may be supplied fromkey systemcontroller 101

t hrough one of station ports 103 for transm ssion to a key set independent
of the state of or signals appearing on TR-pair 201. Al so, in accordance

wi th an aspect of the invention, a SUQ€Z$ of messages is reserved for

regul ating the transn155|on and recept of voi ceband signals by a key set
over TR-pair 201, 4T, exanple, a first nessage would indicate to a
key set that it gﬁ?ﬁf abl e voi ceband transm ssions and a second nmessage
woul d i ndi cate t y set shoul d enabl e voi ceband commruni cati on
transmssion. Simlarly, nessages indicating enabl e58#d di sabl e voi ceband
conmuni cation reception may be prag roup of messages could

i ndicate that a key set should di asq@NTERe iyself fromT TR pair 201

|

TR DEVICE OFF-HOOK | —~
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[ 305
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with regard to voi ceband conmuni cations by placing itself in a high
| npedance state. Capacitors 237 block any DC power that is
pl aced on service pair 203 fromreaching data transceiver 207. CQutbound
supervi sory and control nessages fronlgghf transcei ver 207 are passed

h

t hrough capacitors 237 which superinpo e nessages onto the power that
Is present at CT and CR for on to a renote

o —_EVTER ) FIG.6
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.7- " key set. Additionally, capacitors 237 pass supervisory and control
nmessages i nbound froma renote key set to data transceiver 207. Optional
protection unit 239 protects data transceiver 207 froml arge voltage
transients that nmay becone present on gr nd CR In this exanple,
protection unit 239 conprises zener di q(£ 214-T and

FIG.7
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?
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"214-R configured to clanp any signal to their rated val ue.’

Power feed unit 241 bl ocks the transm ssion of AC signals,
:signal s containing the control and supervisory informtion,
passage of DC signals,
to a renote key set.

system controller

and GROUND (on | ead 219).
contai ns transi stor based
An additional feature of i

of the invention,
station ports 103

813

i.e., operating wer ,
The DC power is s _
101 (FIG 1), in this exanple, as

In a preferred enbodi nent,
aﬂ stant current drivers

is the abili

o200
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aspect
at each of
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(FIG 1) of key systemcontroller 101, the application and renoval of the
power supplied to a renote key set. In this exanple, control input PONER ON
‘(on | ead 243) of power feed unit 241 is used by key systemcontroller 101
(FIG 1) to control the actual feedin f power to service pair 203 by
power feed unit 241. This power contr% &Ncwﬁdes a mechani smfor
control l ably applying power to each of station ports 103 at start up to
prevent the draw ng of excessive start up power from key system controller
101. Al'so, the capability to contr reapplication provides the ability
to induce a key set to re-initiald@é}ﬂﬁzgl as when power is first received
by the key set. This capability is used to attemggdf restart key sets that
are not responding with valid nmessages in the exp ed manner. The cycling

of power off and on for
ENTER
903

R0

SUPPLY RINCING SIGNAL | — 905
TO THE FAX PORT
- 911
TR DEVICE STOP ALERTING

0FF1g00K

915

R=N+1

N7

PROVIDE
~| FiX TROUBLE INDICATION

919
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“predeterm ned penods is typically detected by a power on reset unit |ocated
in a key set which generates a RESET indication that is supplied to a
-control circuit therein for restarting the key set.

I ncorporated into power feed unit 241 is_gptional overload protection unit
245 which determnes if an excessive anount of power is being drawn from

excess: ve amount of  pERBtral sndJpiesiass Abparatitfor Tolepone SHETRC | on uni t
245 wi |l aut ogpétrge | Yy cause power feed unit 241 to cease supplying power
beri od has ol apsed.  AARSRHINY (efieiosst S, TeBPorisios lif Ak, Elephgng viem |
suppl i ed froncontfoluhitcin at (édst onekstation/part ifor operating ar atlédst one key type set and
5 an at least one tip and ring device simultaneously bridged onto the same station port
without the use of any special service circuits or adaptors. The ability to signal
alerting independently via ringing signal on a TR-pair, via messages indicating
alerting transmitted on a service pair for a key set or via both techniques
simultaneously is also disclosed. Further, the alerting ability disclosed in
10 combination with control by a key system controller of the access of a key set to
voiceband communications over the TR-pair allows for incorporation of additional
features into a key telephone system. These features include the following: ring
specific applications relating to an external event; direct transfer of calls to the
transferor station port; calling other sets on the same station port; MEWPRIC
15 (Multiple Extension With Personal Ringing on Incoming Calls) operation, i.c., a
party line type of operation where the TR device and the key set sharing a single
station port of station ports 103 are assigned different endpoint addresses; prevention
of "barge in", i.c., bridging, by a key type set onto a call to a TR device; time
phasing of rings to allow for a coverage operation; and fax trouble detection.
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(FIG 1) to indicate that an overload condition has occurr

controller 10
*ON (on | ead

10

15

20

30

1 h I AR o
can then rea power through the use of i A‘(UWEN ‘
AN rLichim Y
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Claims:

1. Apparatus in at least one station port [103] interface of a8 SWitching——

system control unit [101] adapted for controlling a plurality of remote station units
over an at least one conductor pair [201] being CHARACTERIZED BY:

means for supplying all signals required to operate and control [209] an
at least one TR device [105, 109, 119] regardless of whether a key set [107, 111,
125] is also bridged onto said station port; and

means for supplying directly all signals required to operate and control
[207] at least one key set [107, 111, 125] regardless of the whether a TR device [105,
109, 119] is also bridged onto said station port.

2. The apparatus as defined in claim 1 CHARACTERIZED IN THAT
said means for supplying all signals [209] to operate a TR device [105, 109, 119] and
said means for supplying all signals to operate [213, 125] a key set [107, 111, 125]
controllably supply said signals independently and simultaneously such that said
station port [103] can at least alert said at least one TR device [105, 109, 119] and
said at least one key set [107, 111, 125] independently, simultaneously or not at all.

3. The apparatus as defined in claim 1 further CHARACTERIZED BY
means adapted for sending and receiving voice band communication [211] over said
first conductor pair.[201]

4. The apparatus as defined in claim 1 CHARACTERIZED IN THAT
said means for supplying [209] includes means adapted for supplying tip and ring
ringing signal to said first conductor pair.[215]

5. The apparatus as defined in claim 1 CHARACTERIZED IN THAT
said means for supplying [209] includes means adapted for providing tip and ring
loop power [213] to said first conductor pair.[201]

6. The apparatus as defined in claim 1 CHARACTERIZED IN THAT
said means for supplying includes ‘means adapted for sending and receiving
supervisory and control signals [207] to an at least second conductor pair.

7. The apparatus as defined in claim 1 further CHARACTERIZED BY
means for simultaneously receiving [211, 213, 221, 233, 205, 207] all signals
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-8- 7 243). An excessive anmount of _power may be drawn, for R}EPDACEMENFQ

short circuit

condi ti on. The ability of station gorts—t63—+n

system control | er \mm m l\nterface 200 to signal 4l ert
I ndependent |y vi a‘ m | uppl i edyg 0 TR-pair 201, |vija @MQ@Q(’

I ndi cating al

erting tfFansnitted on servi ce pair 203 for alkdy.set or via

bot h techni ques S|nultaneouslé in addition _to control by Hey sys

control | er 10transmitted to-saich

station portsp1p8

key system co

10
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25

siem controd ais § 1013 by
%tro ‘?g Ilq?fgagwﬂ%p&;@%y%tqm‘pqqulmal user features into

8. The apparatus as defined in claim 1 further CHARACTERIZED BY
means for controllably applying and removing power [241] intended for use by a key
set [107, 111, 125] to an at least second conductor pair. [203]

9, The apparatus as defined in claim 1 CHARACTERIZED IN THAT
said switching system control unit further includes means for determining [127]
whether to alert at least said station port [103] only via supplying ringing signal,
only via supplying alerting messages, via supplying both ringing signal and via
supplying alerting messages simultaneously on said station port [103] or not to alert
at said station port [103] at all.

10, The apparatus as defined in claim 7 CHARACTERIZED IN THAT
said means for receiving includes means for detecting a flow [221] of an at least
predetermined amount of loop current to said first conductor pair. [201]

11. The apparatus as defined in claim § CHARACTERIZED IN THAT
said means for controllably applying [241] is responsive to reception of valid
supervisory and control signals supplied from said at least second conductor pair
[203] for supplying and removing said power.

12. The apparatus as defined in claim 8 CHARACTERIZED IN THAT
said means for applying is responsive to the amount of said power being drawn
wherein said power is removed if a predetermined threshold amount is exceeded.
[245]

13. The apparatus as defined in claim 12 CHARACTERIZED IN THAT
said power is reapplied after a predetermined amount of time has elapsed.

114. The apparatus as defined in claim 9 CHARACTERIZED IN THAT
said means for determining [127] is responsive to detected predetermined external
events.
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16. The apparatus as defined in claim 9 CHARACTERIZED IN THAT
said means for determining [127] is responsive to call placement mechanisms of said
switching system control unit for placing a new call from a calling station port [103]
directly to said calling station port. [103]

17. The apparatus as defined in claim 9 CHARACTERIZED IN THAT
said means for determining [117] is responsive to a particular endpoint address
specified for a called station port, said endpoint address being a member of a set of
endpoint addresses identifying said station port, such that each particular endpoint
address of said set encodes a particular type of alerting to be generated and supplied
to said station port.

18. The apparatus as defined in claim 9 CHARACTERIZED IN THAT
said means for determining [127] is responsive to a predetermined selection for a
particular station port for establishing a delay in commencing alerting via ringing
signal relative to commencing alerting via alerting messages or for establishing a
delay in commencing alerting via alerting messages relative to commencing alerting
via ringing signal.

19. The apparatus as defined in claim 18 CHARACTERIZED IN THAT
said means for determining [127] is further responsive to a predetermined selection
of a duration for said delay.

20. The apparatus as defined in claim 9 CHARACTERIZED IN THAT
said means for determining [127] is further responsive to a predesignation that a
particular station port [103] will only alert in response to a call that alerts at said
station port [103] with only a single predetermined alert type and wherein said
switching system control unit {101] includes further means {227, 211, 205, 207] for
providing an indication that a call placed to said station port [103] is not answered
by a station set [103] of a type capable of responding to said single predetermined
alert type within a predetermined period of time.
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spéci ™c applications.relating to an external event; di red

‘calls to the tr port; calling other sets WWNHEET
station port; mmﬂﬂﬂgg ?ﬂl Ext ensi on Wth Personal RiJngi ng_on | ncom
Cal | s) operati , line typg of operation whgr¢ M#(E%lc
and the key set sharing a single station port of statlon ofgts 103 are
assi gned different endpoint addresses; prevention of "barfe in", |.€

bridgi ng, by a key t%lpe'mﬁs!-pmasd%ﬂﬂedtm claimr CHARA THATf
rings to allQy feindf 18'dpeAR2001a tIROGKV& (110511 109! i 09} anki!
shoul d be no{quggga,t gﬁg at a ke set EWQ ag &éfvent ed ‘or
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transmtted @r@dmbaﬂyfoede@ymigmg si27jem control l er 101. However,
illumnated status indicators in the

v

5 22. The apparatus as defined in claim 3 further CHARACTERIZED BY
means for generating and supplying [207] to a key set [105, 109, 119] bridged onto
said station port [103] a message [207] for causing said key set to disable any
voiceband transmission capabilities within said key set [105, 109, 119] from said at
least first pair. [201]

10 23. The apparatus as defined in claim 3 further CHARACTERIZED BY
means for generating and supplying [207] to a key set [105, 109, 119] bridged onto
said station port [103] a message for causing said key set [105, 109, 119] to disable
any voiceband receivers within said key set [105, 109, 119] from said at least first
pair. [201]
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key.tel ephone system may be, depending upon the inplementor’'s desir

~appropriately updated to reflect any type of alerting that

iévC‘O,-PD-"]
i s occurtrisg at

‘st.ati-en-ports 103. In ring specific applications~selating 1o _an

“external event, [g)redeterm ned condition on an external int MQA@EMENP)SHEET

central office-1€0) line ports 129 TS tetectes

by mﬂmm\trol | er 101, such as CNG (Calli NG) tone or Ja Sp?glh’%ld-f 19[99
e
Mﬁ NS i Pt arid Biterfale AGPACAIDE tTLEGcl Slf

s SY@Gls@hacilifhl Bédn |R@1ac

Technical Field

This invention relates to telephone switching systems and, more

particularly, to interfacing telephone switching control
5 configurations of associated station sets at a station port.
Background of the Invention

units to various

Prior telephone switching control units, e.g., key telephone system

controllers or private branch exchanges (PBXs), are not fully compatible with a
configuration in which both so-called tip and ring devices (TR devices) available

10 today and enhanced functionality or key type station sets (key sets) are bridged
' simultaneously to an individual interface port. In the context of this application the
terms key sets and TR devices or sets are used in accordance with the modern
understanding of these terms in the art. Accordingly, key sets are meant to be
multifunction teléphone station sets or station equipment type adjuncts that utilize

15 special digital messaging protocols to communicate with the control unit concerning
actions taken at the set and/or actions that the set should take. TR devices are the
‘well known tip and ring devices including, without limitation: standard, home-use
type telephone sets - both rotary and multi-frequency signaling types; answering

machines; facsimile (FAX) machines; and modems.

20 One commercially available series of telephone systems will accept both
key telephone sets and TR sets in a bridged configuration to a single port despite
their incompatibility. In a such a configuration, however, only the key set is fully
operated by the control unit. The TR device is not alerted by the control unit.
Further, 2 TR device bridged in such a configuration can neither place calls nor

25 operate features. Additionally, no method of controlling access to the voiceband
communication medium shared by ‘the bridged key set and TR device is provided.
Accordingly, this system has noticeable drawbacks in many typical situations. For
example, providing coverage with an answering machine of calls that are routed to a
particular port requiring an enhanced functionality telephone necessitates either the

30 use of an additional port or a special adaptor. Similarly, the use of a modem bridged
with a key set would require placing the call by manual dialing from a key set. Also,
a potential exists in such a configuration that data being supplied to or from the
modem could be corrupted by voice information being transmitted from the key set.
Also, this prior system does not recognize pulse (rotary) type dialing from a TR
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-9- only key sets, only TR devices or both key sets and TR-dewice . are

“alerted at one or REPLACEMENT SHEET
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device in any configuration.
Summary of the Invention
The invention as claimed in claim 1.
Brief Description of thé Drawing
S In the Drawing:

10

15

25

35

FIG. 1 depicts a key system controller embodying aspects of the
invention; _ _

FIG. 2 shows an exemplary implementation of interface apparatus
required in a station port of a key system controller for operating and controlling a
tip and ring device, a key set or both simultaneously to operate over a two conductor
pair connection;

FIG. 3 displays, in flow chart form, an exemplary implementation of
ring specific applications relating to an external event;

FIG. 4 shows, in flow chart form, an exemplary implementation of
direct transfer of a call to the transferor station port; .

FIG. 5 depicts, in flow chart form, an exemplary implementation of
placing a call to the calling station port;

FIG. 6 illustrates an exemplary implementation of MEWPRIC
operation, in flow chart form; -

FIG. 7 shows, in flow chart form, an implementation of “"barge in"
prevention;

FIG. 8 is a flow chart form expression of a specific embodiment of time
delaying of alerting via messages with respect to alerting via ringing signal; and

FIG. 9 shows an exemplary implementation, in flow chart form, of FAX
trouble indication.
Detailed Description

FIG. 1 depicts key system controller 101 having station ports 103-1 o
103-N. Station ports 103 include aspects of the invention. Other station ports (not
shown) that do not embody the invention are not precluded from being incorporated
into key system controller 101. For purposes of this example, each of station ports
103 is functionally identical to any other of station ports 103. In 2 deparwre from
the prior art and in accordance with an aspect of the inveation, each of station ports
103 is capable of operating at least one compatible key set, at least one tip and ring

. device or at least a key type set and one or more tip and ring devices simultaneously

bridged onto the same station port without the use of any special service circuits or
adaptors to provide previously unavailable features to a user. One such key set
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.a set of station ports 103. For exanple, if CNGtone is d REBLAGEMEI\HGSHEET
‘office (CO line port 129-1 only those of station ports 1 that nave Dee
preprogranmed specifically for FAX service in response to a d%tb

:CNG tone received on central office (CO.4ine port 129-1 Wil be
Further, the only alerting at preprograrmed ones of stati
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response is r ﬂ r | me-out occurs ernatively, the detection of
two short ﬁé‘g&éﬁ 8%& '&i‘ ring on one of central office (CO Iline ports
129 i ndi cat es that a Smflei'alloﬁ stition iports! 103 of kisy sysiera cohtrollen $01 sre Copihettad
team If td1€,Pe3fof duipment in a manner illustrating aspects of the invention. Station port

103-1 of key system controller 101 is shown interfaced to TR device 105. Station

port 103-2 of key system controller 101 is interfaced to key set 107. Also displayed,

in accordance with an aspect of the invention, is key system controller 101 interfaced

at station port 103-3 to TR device 109 and key set 111 via bridging adapter (BA)

. 10 113, which is a conventional telephone Y type jack. Nothing precludes bridging
adaptor 113 from being directly incorporated into key system controller 101 or a key
set. Bridging adaptor 113 is shown secparately only for clarity purposes.
Alternatively, bridging adaptor 113 could be eliminated and a direct parallel
connection made between TR devicé 109 and key set 111. Button box 115, also

15 known as a direct station select (DSS) unit which is an enhanced kéy interface unit,
is shown being connected to and controlled by key system controller 101 at station
port 103-N via optional bridging adaptor (BA) 117. If optional bridging adaptor 117
is employed, a TR device, e.g., tip and ring telephone 119, can also be bridged in
parallel with button box 115. Also shown are optional button boxes 121 and 123

20 which are cascaded with button box 115. Additionally, shown is the attachment of
optional key set 125 via button box 115. Within the scope of the present invention
many other configurations of equipment-combinations and station port asslgnments
can be implemented.

Coordinating the overall operation of key system controller 101 is

25 programmable control unit 127 which provides all the necessary control functions.
These control functions include but are not limited to: responding to actions taken at
a station set, setting up calls placed through key system controller 101, controlling
the application of various tones and determining which station ports to alert and
what method of alerting is to be used. Programmable control units for key systems

30 are well known. They are typically microprocessor based .

Central office (CO) line ports 129-1 through 129-M provide an interface
for key system 101 to a telephone central office for placing calls over the public
switched telephone network. Such line ports are well known in the art. Indeed,

- other forms of external interfaces, of which central office (CO) line ports 129 are but

35 one example, mdy be implemented,

n “f\rfe ’I('\Q \MI
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secretary are sharing one of station ports 103, the boss ha REEL[ECEMEN@&%H
and the secretary having a tip and ring tel ephone set, onlylalerting
nessages over service pair 203 are transnmitted. In another exanmple,,tRegs

detection on one of central office (CO lipe ports 129 of stapdard ringing
causes the transm ssion of both ringing sighal and alerti ng BSSages-
An exenplary inplenmentation of this feature, illustrating t edetermnatlon

to ring only via tip ahra preférréd gbodimngofibtation pesiaesface
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t he several offout(#) mldmtnrs sdapral ﬁ)hmsfﬁmnlgwmand@ommnmms tadevices to
predeterm ned \@xiaiRal BYeRY, I f¥pair of conductors, TR-pair 201, is adapted to carry
5 ringing signal, tip and ring loop power and voiceband communication. It is noted
that all of these signals are not necessarily carried simultaneously. A second pair of
conductors, service pair 203, is adapted to carry bi-directional supervisory and
control signals. Operating power intended for non-TR devices, in this preferred
embodiment, is also provided via service pair 203. Again, all of these signals are not

10 necessarily carried simultaneously. Additionally, key system controller 101
regulates access to TR-pair 201 for voiceband communication purposes by a key set
at any of station ports 103 through the use of special supervisory and control
messages. These messages are supplied to transmit data input of 205 of data
transceiver 207 and are ultimately transmitted to a key set over service pair 203,

15 Other station port interface embodiments, such as a one pair implementation or a
three pair implementation, are clearly within the scope of the present invention
provided that they are capable of fully operating at least one key telephone set, at
least one tip and ring device or at least a key type set and one or more tip and ring
devices simultaneously bridged onto the same station port. _

20 More specifically, shown in FIG. 2 is battery feed, overvoltage
protection, ringing signal sending, supervisory, codec, hybrid, and test (known in the
art as BORSCHT) circuit 209 that provides and detects the tip and ring signals
necessary to operate TR devices. The codec feature is not required for space division
switches and the overvoltage protection and test features are optional. Shown in

25 more detail as specifically being incorporated into BORSCHT circuit 209 are voice
band transceiver 211, voice battery feed 213 and ring generator 215 which are
controlled by key system controller 101 (FIG. 1). BORSCHT circuits are well
known in the art. In this example, key system controller 101 supplies the operating
power required by BORSCHT circuit 209. The operating power includes but is not

30 limited to: +5 volts (lead 217), GROUND (lead 219) , -S volts (lead 221), -48 volts
(lead 223) and -200 volts (lead 225). Voiceband signals to be transmitted to a station
set are supplied to TRANSMIT VOICE input 227. Further, signal DISCONNECT,
on lead 229 enables key system controller 101 (FIG. 1) to control the application and
removal of loop current to and from TR-pair 201 by voice battery feed 213. This

35 allows key system controller 101 to generate and supply a remote disconnect signal
to a TR device. Application of ringing signal to TR-pair 201 at each of station ports

This Sheet Has Been Replaced

THIS SHEET HAS BEEN
REPLACED




iincluded in a group G In this exanple, when an external eYREP
. | L ST

key systemcontroller 101 wll alert only TR devices on th
ports 103 that are included in group G This is$ done by on aII|n
_alerting via ringing signal supplied to TR-pair 201 (FIG ) o?g{]ﬁ'é‘- 19
sel ected station ports 103. Actordingly, the rputine is entered

via step 301 upon detection of a predeterm ned external evpent E. This
detection couhfs hg iREHARALF cORPGTbIY Hal RING ORS#gnA231 W
at thelrrplerreﬁ? |scret|on Thereafter mgz‘e!p 303, a variable Pis
assigned the m‘!@l‘%l =Y N, the | owest statlon port address of station

ports 103. Next, condiVoiesind¢cnatinipatior, iéloding yhalti-frequicaty signgiling tdhess
e O 952 fined rorh Warlofdetd Eithia 18 iftbfiRoe®3B0 e sippiied ) BORSCHT
5 circuit 209 to key system controller 101 (FIG. 1) on RECEIVE VOICE output signal
233. Depending upon the state of the call at any of station ports 103 this signal may
be switched in key system controller 101 to another one of station ports 103 or
supplied to a multi-frequency tone detector for extracting the signalling information
contained in the tone and decoding the button depression. Thus, TR-pair 201 is used
10 both for alerting purposes at TR devices and for voiceband communications with key
or tip and ring station sets.

BORSCHT circuit 209 provides the supervisory function at each of
station ports 103 (FIG. 1) by supplying output signal DP on lead 235 to key system
controller 101 which indicates that an at least predetermined minimum loop current

15 value is being drawn from BORSCHT circuit 209 by TR-pair 201. Each key set
attached to interface 200 may draw a predetermined maximum loop current from
TR-pair 201. An exemplary predeteimined maximum current drawn by a key set is
7 mA. Similarly, a TR device attached to interface 200 draws no current in the on-
hook state and may draw a predetermined minimum loop curreat from TR-pair 201

20 in the off-hook state. An exemplary predetermined minimum current drawn by a TR
device in the off-hook state is 15 mA. TR devices draw more loop current than key
sets that are completely compatible with interface 200. If the predetermined
minimum current detected by interface 200 was set to be less than the predetermined
maximum drawn by a key set, output signal DP on lead 235 would be falsely

25 asserted when loop current was drawn by a key set. It is important that only the
current drawn from TR-pair 201 by a TR device in its off-hook state is detected. The
amount of current drawn from TR-pair 201 by a key set should not be detected. This
is realized by asserting output signal DP on lead 35 only when the current drawn
from TR-pair 201 is greater than the maximum current drawn by key sets bridged

30 onto a single one of station ports 103. When an appropriate current value is chosen
and implemcmed, in accordance with an aspect of the invention, key system
controller 101 can detect tip and ring pulse signalling (switch-hook state and rotary
dialing) by monitoring the status of output signal DP on lead 235. An exemplary
current value is 10 mA.
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t P. Therafter, control is passed to step 309. |If] the test

tep 305 is NO control is passed directly to stlep 32JuUst 199630

P to point to the next sequential one of statidgn{ports 103.
condi ti onal branch point 311-6ests if the val e’ '

t he highest station port address of station porfts

Data transceivers 207 and capacitors 237 bi-directionally couple data
from key system controller 101 (FIG. 1) to service pair 203. The data signaling
arrangement used must match that employed by a comresponding data transceiver
located in an attached remote key set for communication to take place. The data
packets, in this example, are transmitted in a so called "ping-pong" fashion. Further,
cach data packet comprises 24 bits, wherein the first 16 bits are the actual
information containing .2 supervisory and control message and the last 8 bits are a
checksum computed in a predetermined fashion based upon the first 16 bits of
information. Each 16 bit message can yield only one checksum. A data packet is
valid when the 8 bit checksum it contains corresponds to the 16 bits of information
therein. Each 16 bit pattem is predefined as a command, a status indication or other
necessary information required to be transported between key system controller 101
and a key-set for supporting implementation of enhanced functionality features. As
an example, packet 000000000000010100010100 indicates that a key set should
sound a predetermined alerting tone. The formation of such message sets is well
known in the art. The data signals that are superimposed in this example conform to
those disclosed in United States Patent 4,454,383. Of course, utilization of any other
signaling method that can be superimposed is not precluded. In accordance with an
aspect of the invention, a predetermined subset of the supervisory and control
messages are messages that signal alerting to a key set. Furthermore, at least the
alerting message subset may be supplied from key system controller 101 through one
of station ports 103 for transmission to a key set independent of the state of or
signals appearing on TR-pair 201. Also, in accordance with an aspect of the -
invention, a subset of messages is reserved for regulating the transmission and
reception of voiceband signals by a key set over TR-pair 201. Thus, for example, a
first message would indicate to a key set that it should disable voiceband
transmissions and a second message would indicate that the key set should enable
voiceband communication transmission. - Similarly, messages indicating enable and -
disable voiceband communication reception may be provided. Another group of
messages could indicate that a key set should disassociate itself from TR-pair 201
with regard to voiceband communications by placing itself in a high impedance
state. .

- Capacitors 237 block any DC power that is placed on service pair 203

- from reaching data transceiver 207. Outbound supervisory and control messages
fromi data transceiver 207 are passed through capacitors 237 which superimpose the
messages onto the power that is present at CT and CR for transmission to a remote
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-10- 103. If the test result in step 311 is NO control
"step 30 to test the current station port P. If the test fdegult 1 n step
is YES, the routine is exited via step 313. Those skille inztzhguarfgggvll
_be able to construct other inplenentations_gsuch that stafi ¢n ports In
anot her group are rung in another fashi on?7é.g., only -

key set. Additionally, capacitors 237 pass supervisory and control messages in

from a remote key set to data transceiver 207. Optional protection unit 239 protects

data transceiver 207 from large voitage transients that may become present on CT

and CR. In this example, protection unit 239 comprises zener diodes 214-T and
5 214-R configured to clamp any signal to their rated value.

Power feed unit 241 blocks the transmission of AC signals, i.e., the data
signals containing the control and supervisory information, yet permits the passage
of DC signals, i.e., operating power, outward over service pair 203 to a remote key
set. The DC power is supplied to station ports 103 from key system controller 101

10 (FIG. 1), in this example, as -48 volts (on lead 223) and GROUND (on lead 219). In
a preferred embodiment, power feed unit 241 contains transistor based constant
current drivers, which are well known.

An additional feature of interface 200, in accordance with another aspect
of the invention, is the ability to independently control, at each of station ports 103

15 (FIG. 1) of key system controller 101, the application and removal of the power
supplied to a remote key set. In this example, control input POWER ON (on lead

~ 243) of power feed unit 241 is used by key system controller 101 (FIG. 1) to control

~ the actual feeding of power to service pair 203 by power feed unit 241. This power
control provides a mechanism for controllably applying power to each of station
. 20 ports 103 at start up to prevent the drawing of excessive start up power from key -
system controller 101. Also, the capability to control power application provides the
ability to induce a key set to re-initialize itself as when power is first received by the

key set. This capability is used to attempt to restart key sets that are not responding
with valid messages in the expected manner. The cycling of power off and on for

25 predetermined periods is typically detected by a power on reset unit located in a key
set which generates a RESET indication that is supplied to a control circuit therein

for restarting the key set. -

‘Incorporated into power feed unit 241 is optional overload protection
unit 245 which determines if an excessive amount of power is being drawn from the

30 station port into which it is incorporated. If the drawing of an excessive amount of
power is detected, optional overload protection unit 245 will automatically cause
power feed unit 241 to cease supplying power to service pair 203. Power can then be
reapplied after a predetermined time period has elapsed. Alternatively, output, OL
(on lead 247), may be supplied from interface 200 to key system controller 101

35 (FIG. 1) to indicate that an overload condition has occurred. Key system controller
101 can then reapply power through the use of input signal POWER ON (on lead
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alerting via messages to the key set in response to other [
"violating the scope of the invention. Direct tf
to the transferor station port is a novel extension of th known key

systemtransfer operation. In addition to regular transferfs, b ML i8P6he
transferred froma TR device at one of sta8ron ports 103 (jFIlG_1) to
anot her or the sane TR device at that station port, only key set at Tha

station port 0§43)0 MPtReedsi€ anihint BF PoWef nkdy BEdravas foF ek :
Al ternatively, _?gﬁ ay be transfe?’?ed #?ma key set to a TR device at.
that station p@mtmof‘eature is useful for transferring calls to or from

a FAX maf_hi ne to facil| The'abilityof Matiom pors 103inskeyr sysienncdniosilerit0heomprising e
conversation. éno a?:gr Stgsiog];mlt Bleéinfgexg&e%gdevx\ﬁlﬁlvqa %%ging signal supplied to TR-pair
5 201, via messages indicating alerting transmitted on service pair 203 for a key set or
via both techniques simultaneously in addition to control by key system controller
101 of voiceband communication access by a key set at any of station ports 103

allows for incorporation of additional user features into key system controller 101. '
These new features are implemented in programmable control unit 127 of key
10 system controller 101 for determining whether to signal alerting via ringing signal
supplied to TR-pair 201 only, to signal alerting via messages . indicating alerting
transmitted on service pair 203 for a key set, via both techniques simultaneously or
not to signal alerting at all. The decisions’ and determinations made by
programmable control unit 127, as well as the interactions of the apparatus with the
15 user via operations that have affect and are effected at the remote station sets, define
the operation of each feature. It may be required that certain parameters and
specifications for the operation of a feature be determined prior to use of a feature at
a particular one of station ports 103. The new features include the following: ring
specific applications relating to an external event; direct transfer of calls to the
20 transferor station port; calling other sets on the same station port; MEWPRIC
(Multiple Extension With Personal Ringing on Incoming Calls) operation, i.c., a
party line type of operation where the TR device and the key set sharing a single
station port of station ports 103 are assigned different endpoint addresses; prevention
of "barge in", i.., bridging, by a key type set onto a call to a TR device; time
25 phasing of rings to allow for a coverage operation; and FAX trouble indication. It
should be noted that when alerting at a key set is to be prevented or delayed the
messages specifying audible alerﬁng that would normally be transmitted are
inhibited by key system controller 101. However, illuminated status indicators in the
key telephone system may be, depending upbn the implementor’s desire,
30 appropriately updated to reflect any type of alerting that is occurring at station ports

103.

In ring specific' applications relating to an external event, a

predetermihed condition on an extemal interface of key system 101 (FIG. 1), e.g.,
central office:(CO) line ports 129, is detected by key system controller 101, such as

35 CNG (CalliNG) tone or a special central office ring pattern. Then, in response to the
determination of the existence of the condition, a particular class of stations, e.g.,
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to transfer a call between a boss and a sect ary bridged onto fr :
ports 103, as described above, for call screening purposes. Ag Lg‘ Efmn‘ gHEET

this technique could be used to transfer a call to a tip and rifn telephone
or key set in another part of a large roomor a different rogm &éi L 1996
limting the total number of station ports9:03 required. A

transfer to the transferor stat lon port of station ports 103{ is
accom 1 shed byg 8y SEIGITRAGAEGHERGN 18) Suhd TR Bk 6 ebmdaibie e
feature tﬁroughw ' bqjt @'é’g&%lgg thvat 'Mth transfer
f" ali ng a pr eﬂm@mw qm mym&ww@uﬁbsmnes eliat hypesbeenl mpmgrammed , a
ranster tot gpe%{ﬁ:ﬁ?y {=A§é Sarvict u?orsponse to a detection of CNG tone received on
5 central office (CO) line port 129-1 will be alerted. Further, the only alerting at
preprogrammed ones of station ports 103 will be only via ringing signal applied to
TR-pair 201. CNG tone is a tone to indicate a calling non-speech device comprising
a repeated 1100 Hz tone that is ON for 0.5 seconds and off for 3 seconds until an
appropriate response is received or a tifne-out occurs. Alternatively, the detection of
10 two short rings and one long ring on one of central office (CO) line ports 129
indicates that a call is destined for the boss of a boss-secretary team. If the boss and
secretary are sharing one of station ports 103, the boss having a key set and the
secretary having a tip and ring telephone set, only alerting messages over service
pair 203 are transmitted. In another example, the detection on one of central office
15 (CO) line ports 129 of standard ringing causes the transmission of both ringing
signal and alerting messages.

An exemplary implementation of this feature, illustrating the
determination to ring only via tip and ring ringing signal in response to a detected
external event, is depicted in flow chart form in FIG. 3. Prior to actual operation of

20 the feature, key system controller 101 is programmed so that the several of station
ports 103 that are responsive to a particular predetermined external event E are
included in a group G. In this example, when an external event is detected key
system controller 101 will alert only TR devices on those of station ports 103 that
are included in group G. This is done by only signalling alerting via ringing signal

25 supplied to TR-pair 201 (FIG. 2) of the selected station ports 103.

Accordingly, the routine is entered via step 301 upon detection of a

~ predetermined external event E. This detection could be hardware based, software
based or a combination thereof, at the implementor’s discretion. Thereafter, in step
303, a variable P is assigned the value of PMIN, the lowest station port address of

30 station ports 103. Next, conditional branch point 305 tests if station port P is
included in.group G. If the test result in step 305 is YES, control is.passed to step
307 signal alerting via ringing signal supplied to TR-pair 201 (FIG. 2) of station port
P. Thereafter, control is passed to step 309. If the test result in step 305 is NO,
control is passed directly to step 309. Step 309 increments P to point to the next

35 sequential one of station ports 103. Thereafter, conditional branch point 311 tests if
the value of P is greater than PMAX, the highest station port address of station ports
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.call being transfed to a key set can begin alerting via al eREp]_g\@WEN’@eSﬂEET
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the transfer command. A call being transferred to a TR devi fe 2;
.require that all TR devices bridged ontQ bhat station port pfis L(’)‘n 1?)%(“3
103 are on-hook before ringing signal is applled to protect|the cars of the

transferee froma | oud popping noise that ringing signal cap generate in
t he handset 103 aﬁf@h% dmstep 34 b is NO, sangrolds msedgeq m
T o RS AP, Dol o) YES, e o titony
devi ce from siopciil 'i'ho ég‘dﬁis‘!‘e‘# mlee\b i consuct ?é“% HoRlementatiops, o
i npl ement or ' gulp tharnstations ports in tahothée \graws are sunge & apothed fashion|i €., waly 203
(FIG 2) t? %e%é‘x? l via' t}xgssagcs to the key set in response to other events, without violating the

scope or spirit of the invention.

Direct transfer of calls to the transferor station port is a novel extension
of the well known key system transfer operation. In addition to regular transfers,
calls may be transferred from a TR device at one of station ports 103 (FIG. 1) to

10 another or the same TR device at that station port, only a key set at that station port
or to both a key set and the TR devices at that station port. Altematiirely, a call may
be transferred from a key set to a TR device at that station port. This feature is
useful for transferring calls to or from a FAX machine to facilitate reception or
transfer of a FAX during a voice conversation. Another use of this feature would be

15 to transfer a call between a boss and a secretary bridged onto one of station ports
103, as described above, for call screening purposes. Additionally, this technique
could be used to transfer a call to a tip and ring telephone or key set in another part

ofa large room or a different room, yet limiting the total number of station ports 103
required.

20 A transfer to the transferor station port of station ports 103, is
accomplished by a predetermined sequence of switch hook flashes and/or button
depressions. For example, by initially activating the transfer feature through the
pressing of the transfer button on a key set and dialing a predetermined code
specifying the transfer type selected, i.e., a transfer to the transferor station port. A

25 call being transferred to a key set can begin alerting via alerting messages
transmitted over service pair 203 (FIG. 2) immediately upon completion of the
transfer command. A call being transferred to a TR device should.require that all TR
devices bridged onto that station port of station ports 103 are on-hook before ringing
signal is applied to protect the ears of the transferee from a loud popping noise that

30 ringing signal can generate in the handset. If an on-hook condition is required, the
detection of on-hook must be accomplished within a predetermined period of time or
an error condition will result. Additionally, when a call is transferred to a TR device
from a key set, key system controller 101 (FIG. 1) should, at the implementor’s
option, instruct the key set via messages on service pair 203 (FIG. 2) to disable its

35 connection for voiceband communication purposes to TR-pair 201.
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FIG. 4 depicts, in flow chart form, an example of a d:mfervf'l—‘—

call from a key set on a station port directly to the TR device on that same station

- port. Prior to entry, a transferable call must be established though key system

controller 101 (FIG. 1) to the transferring station port of station ports 103.
Accordingly, the call transfer routine is entered via step 401. In step 403 a user
presses the transfer button at a key set attached to one of station ports 103 (FIG. 1).
Next, in step 405 key system controller 101 places the call on hold. Voiceband
signals from the remote party are no longer supplied to TRANSMIT VOICE input
227 (FIG. 2) for voiccband transceiver 211 of BORSCHT circuit 209. Instead,
"inside” dial tone (also known as system dial tone, to be distinguished from dial tone
supplied from a central office) is supplied by key system controller 101 to
TRANSMIT VOICE input 227 for transmission on TR-pair 201 (FIG. 2). The inside
dial tone is heard by the user. In step 407 the user dials extension E from the key set.
In this example, extension E must be the extension of TR devices attached to this
transferring one of station ports 103. In the usual manner of telephone dialing, when
the first digit of extension E is dialed the inside dial tone is removed (no longer
supplied). Next, conditional branch point 409 tests if any TR devices attached to this
transferring station port are off-hook. If the test result in step 409 is YES, control is
passed t0 step 411 which causes a busy tone to be supplied to TRANSMIT VOICE
input 227 for transmission on TR-pair 201 (FIG. 2). The busy tone is supplied in a
manner similar to that described for the inside dial tone. Control then passes to step
413 and the routine is exited. If the test result in step 409 is NO, control is passed to
step 415 which causes a message to be sent over service pair 203 (FIG. 2) directing
the key set to remove its connection for voiceband communication from TR-pair 201
(FIG. 2). This is done so that ringing signal to be supplied in subsequent steps on
TR-pair 201 (FIG. 2) is not audible at the key set. Also, subsequent voiceband
transmissions from the key set will not interfere with the voiceband transmissions
originating at the transferee TR device. Step 417 then alerts the TR device via
ringing signal supplied to TR-pair 201 (FIG. 2). Next, control is passed to step 419
which retains control until the detection of an off-hook on TR-pair 201 (FIG. 2).
Upon detection of an off-hook on TR-pair 201 (FiG. 2) control is passed to
conditional branch point 421. Conditional branch point 421 tests if the key set
attached to this station port and initiating this transfer is off-hook. If the test result
in step 421 is YES, control is passed to step 423 which indicates that the transfer in
not completed yet. Control is then passed back to step 421. If the test result in step
421 is NO, control is passed to step 425 which removes the transferred call from
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to TR-pair 201 and the transferee TR device. The routine is then exited via step 413
and control is returned to the main key system program. In a similar manner, as will
be apparent to one skilled in the art, other transfer mechanisms can be implemented.
Additionally, transfer from TR devices to key sets or to other TR sets or a-
combination thereof can be arranged without violating the scope and spirit of the
invention. -

Calling other sets on the same one of station ports 103 as the calling set
is similar to direct transfer to the transferor station port except that there is no
requirement to establish a transferable call though key system controller 101 (FIG. 1)
prior to starting the routine. An example of placing a call via this method is shown
in FIG. §, in flow chart form. The exemplary call to be placed is a call from a TR
device to a key set. .Prior to entry, a TR device must go off-hook at a station port on
which is also bridged a key set.

Accordingly, the routine is entered via step 501. Step 503 causes inside
dial tone to be supplied to TR-paif 201 (FIG. 2). The user at the off-hook TR device
can hear the inside dial tone. In step 505, the user dials extension E from the TR
device. In this example, extension E must be the extension of a key set attached to
this station port. In the usual manner of telephone dialing, when the first digit of
extension E is dialed the inside dial tone is removed (no longer sdpplied). Next,

~ conditional branch point 507 tests if the key set attached to this station port is off-

hook. If the test result in step 507 is YES, control is passed to step 509 which exits
the routine. If the key set was granted access to voiceband communications on TR-
pair 201 (FIG. 2) at the time it went off-hook, communication can take place
between the TR device and the key set. If the test result in step 507 is NO, control is
passed to step 511 which alerts the kéy set by supplying appropriate alerting
messages on service pair 203 (FIG. 2). Control is then passed to step 513 which
retains control until the key set goes off-iook. When the key set goes off-hook
control is passed to step 515 which sends a CONNECTVP message to the key set
over service pair 203 (FIG. 2) instructing the key set to enable access for voiceband
communications over TR-pair 201 (FIG. 2). Voiceband communication can now

‘take place between the TR device and the key set. The routine is then exited via step

509. -
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‘inside" dial tone (also known as.systemdial tone, to be d NS
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dcvwes are on-hook or go on-hook within a predetermined period of time.)

The ability to separately or simultaneously alert TR devices and key sets
enables the assignment of a separate endpoint address at each station port of station
ports 103 for the TR devices, the key sets or a combined address. Use of this
multiple assignment arrangement is known as MEWPRIC (Multiple Extension With
Personal Ringing on Incoming Calls) operation. This allows one to make acallto a
particular set class (key, TR, or any set) on each of station ports 103. A caller from
another one of station ports 103 could place a call to only the TR devices on the
destination station port of station ports 103 by specifying during dialing the endpoint
address of TR devices at thé destination station port. Thus, for example, any station
port of station ports 103 in the system could place a call directly to a FAX machine,
the lone TR device at that station port, even if a key set is bridged on. Alternatively,

-a caller from one of station ports 103 could place a call only to a key set on the

destination station port by specifying during dialing the endpoint address of the key
set at the destination station port. In another scenario, a caller from another station
port of station ports 103 could place a call to any. unit attached to the destination
station port by specifying an endpoint address that includes both the TR device and
the key set, i.e., it causes alerting on both TR-pair 201 (FIG. 2) and on service pair
203. Another variation that combines direct inward system access, DISA, (a feature
well known in the art) with the MEWPRIC operation allows outside callers to
specify the particular device type they wished to reach at their selected particular
station port of station ports 103, if they know the correct endpoint address.

In an exemplary implementation of the MEWPRIC operation, shown in
flowchart form in FIG. 6, each of station ports 103 (FIG. 1) is assigned three (3)
predetermined 'telephone extension numbers represented in functional form as
E(X,Z). X is a variable that can assume values that correspond to the number of one
of station ports 103, i.e., a value from 1 to N. Thus, station port 103-X, at any
particular instant in time, is whichever of station ports 103 the number of which
corresponds to the value of X at that instant. Z is also a variable and indicates the
type of alerting to be supplied. A value for Z of 1 corresponds to a TR devices only,
avalueof 2toa key set only and a value of 3 to any set (both TR devices and key
sets). A mapping function, determined by the implementor, derives either the values
of X and Z when given an exteasion E(X,Z) or the value of extension E(X,Z) when
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_input 227 for transm ssion on TR-pair 201 (FIG 2). The bu<BlEPI@‘&GEMENT SHEE;
supplied in a manner simlar to that described for the ingi¢le dial Tone.
Control then passes to step 413 and the routine is exited| |f2thguLeagég
.result in step 409 is NO control is passed to step 415 whifth causes a
nmessage to be sent over service pair 203-{4+G 2) directing “the—key—set—to
renmove its connection for voiceband comuni cation from T TR-pair 201 (FIG

2). This is d g: M?xg valileR96'X 2hd"2! O Dﬁﬁpier&f' h'i‘ Worlld Bk EPS
on TR-pair 20 FIG . 2), I's not audl bl e at key set, -ubsequent
voi ceband tr nied ¥da alopk-updakisy M&P‘W mqqees and @P’EFE“WPPPP thegeof

voi ceband t r aggnwelt kaown. qtdf&mgtmrmcafs metddhaa:ié eiteRd Wia §Rp Ian up‘érnerne417

t2)henN2Lter tcgnt e TR dgél Ce&ﬁ“&*s?‘e 4? soki R%lorts LiBQI i eguét &J.ﬁ%x@ Al 201 (FIG
103-A (FIG. 1). In step 603 the user at station port 103-A dials an extension with a
value of E. (A) is a constant and corresponds to the number of the one of station
ports 103 from which the user is calling. Next, conditional branch point 605 tests if
E=E(A,*) where * signifies any value of a.variable that will allow the equality to be '
true is acceptable to satisfy the test. If the test result in step 605 is YES, control is
10 passed to step 609 which supplies a busy tone to TR-pair 201 (FIG. 2) of station port
103-A. The routine is then exited via step 611. If the test result in step 607 is NO,
control is passed to step 607 in which variable X is assigned to a value
corresponding to the number of the first station port in the system. Control is then
passed to conditional branch point 613 which tests to determine if the value of E is
15 equal to E(X,1). If the test result in step 613 is YES, control is passed to step 615
which alerts the station port of ports 103 corresponding to X, i.e., port 103-X, by
causing ringing signal to be supplied to TR-pair 201 (FIG. 2) of that station port.
The routine is then exited via step 611. If the test result in step 613 is NO, control is
passed to conditional branch point 617 which tests if the value of E is equal to
20 E(X,2). If the test result in step 617 is YES, control is passed to step 619 which
alerts station port X by causing alerting messages to be supplied to service pair 203
(FIG. 2) of port 103-X. The routine is then exited via step 611. If the test result in
step 617 is NO, control is passed to conditional branch point 621 which tests if the
value of E is equal to E(X,3). If the test result in step 621 is YES, control is passed
25 to step 623 which alerts station port X by causing ringing signal to be supplied to
TR-pair 201 (FIG. 2) of station port 103-X and by causing alerting messages to be
supplied to service pair 203 (FIG. 2) of station port 103-X. The routine is then
exited via step 611. If the test result in step 621 is NO, control is passed to step 625
which tests if there are any further station ports to test. If the test result in step 625
30 is NO, control is passed to step 627 which causes an error tone to be supplied on
. TR-pair 201 (FIG. 2) and heard by the user at station port 103-A. The routine is then
exited via step 611. If the test result in step-625 is YES, control is passed to step 629
which assigns to X the value of the next sequential one of station ports 103. Control
is then passed back to conditional branch point 613.
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which retains control until the detection of an of f-hook on [T PpLéchmNT SHEET

"(FIG 2). Upon detection of an off-hook on TR-pair 201 (FI G |2). control is
passed to conditional branch point 421. Conditional branch [pdi R 241 1996t s
if the key set attached to this station_pert and initiating this transfer
Is off-hook. If the test result in step 321 is YES, controll is passed tO

step 423 which indicates that the trapsfer in not conpl et——ant r ol
i s then passed back tolhe BS® Qfmessages; ?é't’ﬁ@%f"?“%ﬁéﬁ fegulatgkey

control is paggegedess & 9BicéBind Eimmunicaioneon [T pair 2011 GIGE Q) cah Ibef used to
prevent "barge in” i.e. bridging, by a key set onto a conversation aiready in progress

with a TR device. One method of using this feature is to activate it on a call by call

5 basis, either prior to or during the call. Alternatively, the feature could be

programmed to be constantly active at a station port. One use for this feature would

be to prevent a user from corrupting a facsimile transmission by going off-hook on a

key sct bridged with a FAX machine. In addition to preventing transmission by the

key set, reception by the key set can also be inhibited to provide privacy and prevent

10 eavesdropping.

An exemplary implementation of "barge in" prevention is shown in flow
chart form in FIG. 7. The station port or set of station ports 103 for which "barge in"
prevention is to be activated must be predesignated as a station port at which this
feature may be activated prior to actual activation of the feature. This predesignation

15 may be performed by user custom programming, administration or may be
predetermined and supplied in a default manner. The feature is activated by a
detection of an off-hook message supplied from a key set at one of station ports 103
and the routine is accordingly entered at step 701. Thereafter, conditional branch
point 703 tests if the barge in feature is activated on this station port. If the test

20 result in step 703 is NO, control is passed to step 705 which sends a CONNECTVP
message to the key set. A CONNECTVP message instructs the key set to enable
access for voiceband communications over TR- pair 201 (FIG. 2). The routine is
then exited via step 707. If the test result in step 703 is YES, control is passed to
conditional branch point 709 which tests if a TR device is off-hook at this station

25 port. If the test result in step 709 is NO, control is again passed to step 705 which
sends a CONNECTVP message to the key set and the routine is exited via step 707.
If the test result in step 709 is YES, the routine is exited via step 707 and a
CONNECTVP message is not sent to the key set. Thus, the key set remains
disconnected from TR-pair 201 (FIG. 2) so that voiceband communication cannot

30 take place with the key set.

- Another novel feature incorporated into programmable control unit 127
is the ability to preprogram a delay in alerting on either TR-pair 201 (FIG. 2) or on
service pair 203 or to delay both. When both are delayed the same amount of time,
the result is a conventional delayed ring feature. It may be desirable to delay ringing

35 on TR-pair 201 (FIG. 2) so that a person would be more likely to answer the call at a
key set. If no one was available to answer the call, after a predetermined number of
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rings the tip and ring lead would begin to alert with ringing signal :lnd-un-mwonug.\

machine could answer the call and take a message. Altematively, a call screening

- system could be set up for a boss-secretary arrangement bridged onto one of station

ports 103. Calls are programmed to ring immediately at the TR device which would
be the secretary’s telephone. Delayed ringing is programmed for the key telephone
belonging to the boss. An incoming call would normally ring at and be answered by
the secretary s0 as to be screened without disturbing the boss. If the secretary was
away from his/her desk, after a predetermined delay, the call would alert at the boss’
desk so that he/she could answer it.

FIG. 8 shows, in flow chart form, an exemplary implementation of
delayed ringing at a key set only. Prior to activation of this feature at one of station
ports 103, the station port on which it is to be activated must be designated as a
station port at which this feature is to be invoked. Again, this designation may be
performed by user custom programming, administration or the designations may be
predetermined and supplied in a default manner. Additionally, D, the delay time in
units of number of ring cycles that ringing is to be delayed by at the key set, must be
preprogrammed. This feature is activated when a called is placed to a particular one
of station ports 103, in this example station port 103-P, for which a designation and
programming has been entered. Accordingly the routine is entered via step 801. In
step 803, the number of ring cycles that ringing has already been delayed, T, is
initialized to zero(0). Next, any TR devices at station port 103-P are alerted by the
supplying of one cycle of ringing signal to TR-pair 201 (FIG. 2) of station port 103-
P in step 80S. Thereafter, conditional branch point 807 tests if T is greater than or
equal to D. If the test result in step 807 is YES, control is passed to step 809 which
alerts the key set with one cycle of alerting messages. Control then passes to
conditional branch point 811. If the test result in step 807 is NO, control is passed
directly to conditional branch point 811. Conditional branch point 811 tests if
station port 103-P is indicating an off-hook, either by a TR device or a key set. If the
test result in step 811 is NO, control is passed to step 813 which increments T and
passes control back to step 805 to implement another alert cycle. If the test result in
step 811 is YES, control is passed to step 815 which stops all alerting at station port
103-P. The routine is then exited via step 817.

- FAX trouble indication is another new feature that is incorporated into
programmable control unit 127. One of station ports 103 is preprogrammed as a
FAX station port. Calls to the FAX station port must be answered by the indication
of an off-hook signal on 'I'R-pair 201 (FIG. 2). If the call is not answered by the
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227 (FIG 2) and thus through voi ceband transceiver 211 of
209 to TR-pair 201 and the transferee TR device. The routin

MMCBMEN’D i

\SHEET

ijs thenexrte

via step 413 and control is returned to the nain key system proqz JuLl Bod

simlar manner, as will be apparent to one skilled in the art,

transfer mechanisms can be i npl enent ed. Additionally, transfler r"m IR
devices to key sets or to other TR sets 0f7a conbi nation the¢reof can be

arranged w thout violating the scope of the invention.
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i s no requi r esuslible 0o both; istgivenrata preprogfammed etation lor setfstations: gmxample.

controller 104 ¢ Eon’) key set bridged onto the same one of station ports

103 as the FAX

machine would be illuminated. Alternatively, if an on-hook is expected within a

5 specified predetermined time at a preprogrammed one of station ports 103 in
response to a predetermined condition, eg., a far end disconnect, then an audible tone

is provided at one station port of station ports 103 designated for an attendant.

Shown in FIG. 9, in flow chart form, is an exemplary implementation of

FAX trouble indication. Again, the ones of station ports 103 for which the feature is

10 to be activated must be predesignated. Also, a station port at which the trouble

indication is to be given must be predesignated. The routine is entered in step 901

when a call is placed to a station port predesignated for FAX touble indication. In

step 903, the number of ring cycles that have elapsed, R, is set to zero (0). One cycle

of alerting via ringing signal supplied to TR-pair 201 (FIG. 2) is performed in step

15 905. Next, conditional branch point 909 tests if a TR device has gone off-hook at the

_ station port. If the test result in step 909 is YES, control is passed to step 911 which

stops all alerting at the station port. The routine is then exited via step 913. If the

test result in step 909 is NO control is passed to conditional branch point 915 which

tests if the number of ring cycles R that has elapsed is greater then RMAX, the

20 maximum allowable ringing cycles before trouble is indicated. If the test result in

step 915 is NO, control is passed to step 917 which increments N and passes control

back to step 905 to provide further alerting. If the test result in step 915 is YES,

" control is passed to step 919 which provides a FAX trouble indication at the

predesignated one of station ports 103 by illuminating a predetermined indicator or

25 providing an audible signal. The routine is then exited via step 913.
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prior to staring the routine. An exanple of placing a cal IRE«PLACEMWW

Is shown in FLG 5, in flow chart form The exenplary calil {to be placed s

a call froma key set. Prior to entry, a IR devP geLMesE Of
of f - hook at a Dﬁ"ﬁ "l u ich is also bridged a key qet.
Accordi ngly, red Vi a step 501. Step Sii causes—Thst+de

dial tone to be supplied to TR-pair 201 (‘FI G 2). The us at the of f-hook
TR device can hear the inside dial tone. In step 505, the user dials
extension E fromtheCldifgtevi ce. In this exanple, extension E nmust be the

of tol ephone dial) . ARRERSS 18 o st Obe” it pot (B imertich SC€ sWfpiig ThONS!
i nsi de di al syuers costroleunit/H81] mM@ercommMg e @juraligsof remote station units
over an at least one conductor pair {201] being CHARACTERIZED BY:
5 means for supplying all signals required to operate and control [209] an
at least one TR device [105, 109, 119] regardless of whether a key set {107, 111,
125] is also bridged onto said station port and
means for supplying directly all signals required to operate and control
(207] at least one key set {107, 111, 125] regardless of the whether a TR device [105,
10 109, 119] is also bridged onto said staton port.

A4

2. The appamms as defined in claim 1 CHARACTERIZED IN THAT
said means for supplymg all'signals [209] to operate a TR device [105, 109, 119] and
said means for supplying all signals to operate {213, 125] a key set_[lm. 111, 125}
controllably supply said ‘signals independently and simultaneously such that said

15 staton port [103] can at least alert said at least one TR device (105, 109, 119] and
* said at least one key set [107, 111, 125] independeantly, simultaneously or not at all.

3. The apparatus as defined in claim 1 further CHARACTERIZED BY
means adapted for sending and receiving voice band commumcauon [21 1] over said
first conductor pair.[201]

20 " 4. The apparatus as defined in claim 1 CHARACTERIZED N THAT
said means for supplying [209] includes means adapted for supplying tip and ring
ringing signal to said first conductor pair.[215]

5. The apparatus as defined in claim 1 CHARACTERIZED IN THAT
said means for supplying {209] includes means adapted for providing tip and ring
25 loop power [213] to said first conductor pair.[201]

. 6 The apparatus as defined in claim 1 CHARACTERIZED IN THAT
said means for supplying includes ‘means adapted for sending and receiving
supervisory and control signals [207] to an at least second conductor pair.

7. The apparatus as defined in claim 1 further CHARACTERIZED BY
30 means for simultancously receiving (211, 213, 221,.233, 205, 207] all signals
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port is off--hook. If the test result in step 507 is YES, cofti
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to step 509 %g?ss to
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of f - hook, cormmuni cati®n Tarf take pl ace betyeen the TR device| a

the key

set. If the test result in step 507 is NG "Tontrol is passed to step 511

which alerts the key set by supplying appropriate alerting nessages—en
S.a-zlmﬁot system pentral anitd 0] Py seidmt bag o;hm| ns

service pair 20Susmigd p)

control until th@s'kﬁ)q,qgg]ﬁgwgéapgﬁgk‘?}/&gwaﬁemet goes of f - hook
a

control is passed to step 515 which send

NECTVP fressage to the key

set over service pair 203 (FIG 2) instructing the key set to enable access
for voi ceband 8. The apparatus as defined in claim 1 further CHARACTERIZED BY

means for controllably applying and removing power [241] intended for use by a key

5 set{107, 111, 125] to an at least second conductor pair. {203]

9. The apparatus as defined in claim | CHARACTERIZED IN THAT
said switching system control unit further includes means for determining [127]
whether to alert at least said stadon port [103] oaly via supplying ringing signal,

only via supplying alerting messages, via supplying both ringing si

gnal and via

10 supplying alerting messages simultaneously on said station port [103] or not to alert

at said station port {103] at all.
X

10. The apparatus as defined in claim 7 CHARACTERIZED IN THAT
said means for receiving includes means for detecting a flow [221] of an at least

predetermined amount of loop current to said first conductor pair. [201]

15 11. The apparats as defined in claim 8 CHARACTERIZED IN THAT
said means for controllably applying [241] is responsive to recepdon of valid
supervisory and control signals supplied from said at least second conductor pair

[203] for supplying and removing said power.

12. The apparatus as defined in claim 8 CHARACTERIZED IN THAT

20 said means for épplying is responsive to the amount of said power
wherein said power is removed if a predetermined threshold. amount
(245]

being drawn
is ex

13. The apparatus as defined in claim 12 CHARACTERIZED IN THAT
said power is reapplied after a predetermined amount of time has clapsed.

.25 14, ‘The apparams as defined in claim 9 CHARACTERIZED IN THAT
said means for determining [127] is responsive w0 detected predetermined external
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1S. The apparatus as defined in claim 9 CHARACTERIZED IN THAT
said means for determining [127] is responsive to call ransfer mechanisms of said
switching system control unit [101] for msfcrring an already established call at a
station port (103] directly back to said station port. {103}

16. The apparatus as defined in claim 9 CHARACTERIZED IN THAT
said means for determining [127] is responsive to call placement mechanisms of said
switching system control unit for placing a new call from a calling station port {103]
directly to said calling station port. [103]

17. The apparatus as defined in claim 9 CHARACTERIZED IN THAT
said means for determining [117] is responsivé to a particular endpoint address
specified for a called station port, said endpoint address being a2 member of a set of
endpoint addresses identifying said station port, such that each particular endpoint
address of said set encodes a particular type of alerting to be generated and supplied
to said stadon port.

18. The apparatus as defined in claim 9 CHARACTERIZED IN THAT
said means for determining [127] is responsive to a predetermined selection for a
particular station port for establishing a delay in commencing alerting via ringing
signal relative to commencing alerting via alerting messages or for establishing a
delay in commencing alerting via alerting messages relative to commencing alerting
via ringing signal.

19. The apparatus as defined in claim 18 CHARACTERIZED IN THAT
said means for determining [127] is further responsive o a predeterrmned selecdon
of a duration for said delay.

20. The apparatus as defined in claim 9 CHARACTERIZED IN THAT
said means for determining [127] is further responsive to a predesignation that a
particular station port [103] will only alert in response to a call that alerts at said
station port [103] with only a single predetermined alert type and wherein said
switching system control unit [101] includes further means [227, 211, 205, 207] for
providing an indication that a call placed to said station port [103] is not answered
by a station set [103] of a type capable of responding to said single predetermined

 alert type within a predetermined period of time.
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a feature activation code ered by the user, ul a

automatical ly begin al ertl W sets attached to 32R) oQ@bof
L

Station ports 103 (prOV|de vi ces are on-hoo r go on- hook
within a predetern ned perlod of time. The abi]l i +y—te

separately or simultaneously alert TR giaw ces and key sets

21. The apparatus as defined in claim 9 CHARACTERIZED IN THAT
said means for supplying all signals to operate [209] a TR device [105, 109, 119] and
for supplying all signaling [207] to operate a Key set [107, 111, 125] are responsive
to said means for determining. [127]

5 22. The apparatus as defined in claim 3 further CHARACTERIZED BY
means for generating and supplying (207] to a key set {105, 109, 119] bridged onto
said station port [103] a message [207] for causing said key set to disable any
voiceband transmission capabilities within said key set (105, 109, 119] from said at
least first pair. [201]

.10 23. The apparatus as defined in claim 3 further CHARACTERIZED BY
means for generating and supplying [207] to a key set 105, 109, 119] bridged onto
said staton port {103} a message for causing said key set [105, 109, 119] to disable
any voiceband receivers within said key set [105, 109, 119] from said at least first
pair. {201]
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enabl es the assignnent of a separate endpoint address at eRtEpLa(‘” ' BEEET

address. Use of this nultiple assignment arrangenent is kno
.(Multiple Extension Wth Personal R nging on Incom ng Calljs
This allows one to nake a call to a particular set class (k

“of station ports 103 for the TR devices, the key sets or 3 iﬂ\:.u: re
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TR__or any

set) on each of station ports 103. A caller from another ¢ne of station
ports 103 could place a call to only the2pR devices on thé—destination

station port of station ports 103 by specifying during diali

ng t'’he endpoi nt
for exanpl e,

address of TR devi ces,at, the tigati,on_stati,0 ord . Thu
any station port of ontr S‘%’@%@M&’!VQT@&PW%%’%e a call

directly to Abstpdctrachi ne, the I one TR device at that station port, even if

a key set is'Dbridged g Q8L ilddeh¥or incorporation into a key telephone system

10

15

control unit, in at least one station port, for operating an at least one key type set and
an at least one tip and ring device simultaneously bridged onto the same station port
without the use of any special service circuits or adaptors. The ability to signal
alerting independently via ringing signal on a TR-pair, via messages indicating
alerting transmitted on a service pair for a key set or via both techniques
simultaneously is also disclosed. Further, the alerting ability disclosed in
combination with control by a key system controller of the access of a key set to
voiceband communications over the TR-pair allows for incorporation of additional
features into a key telephone system. These features include the following: ring
specific applications relating to an external event; direct transfer of calls 0 the
transferor station port; calling other sets on the same station port; MEWPRIC
(Multiple Extension With Personal Ringing on Incoming Calls) operation, i.c., a
party line type of operation where the TR device and the key set sharing a single
station port of station ports 103 are assigned different endpoint addresses; prevention
of "barge in", i.c., bridging, by a key type set onto a call to a TR device; time
phasing of rings to allow for a coverage operation; and fax trouble detection.

FIGURE 1
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a caller fromone of station ports 103 could place a call orl EAKEYT 2

on the destination station port by specifying during dialin REPLA !Jﬂln ﬁEET
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. basis, either prior to or during the call. Aternatively,th
be programmed to be constantly active at a station port. |@ ”LAQENEQH‘SHEEX
feature would be to prevent a user fromcorrupting a facqgi fMiTe tTanmstss
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may be perforned by user custom progranmi ng, administration or may beé cosvl -7
.predeternmi ned and supplied in a default manner. The feature is actl\,'pbgd by

~a detection of an off-hook nessage supplied froma key set a -
‘station ports 103 and the routine is accordingly entered at EPMMENT SHEET
Thereafter, conditional branch point 703 tests if the barge }n feature 'S

activated on this station port. If the test result in step 703 i %:Ic‘wk 7
control is passed to step 705 which sentls a CONNECTVP nessa to t 3/‘%

set. A CONNECTVP nessage instructs the key set to enabl e acdesS Tor -
voi ceband communi CatddtFd aRYIhteHfacePRp P,,?,Q }‘Q"PS’%“ E,r,g ine is then
exited via step 707. |If the test resu In step |59$ control 1s 1
passed to conditional branch point 709 which tests if a TR device is
of f-hook at this station
Technical Field
This invendon relates to zcléphonc swiching systems and, more

pardcularly, to interfacing telephone switching contwol units w  various
configurations of associated station sets at a station port.
Background of the Invention
' Prior telephone switching control units, e.g., key elephone system
controllers or private branch exchanges (PBXs), are not fully compatible with 2
‘configuration in which both so-called tip and ring devices (TR devices) available-
today and enhanced functionality or key type station sets (key sets) are bridged
simultaacously to an individual interface port. In the context of this application the
terms key sets and’IRdcnccsorsctsarcuscdmaccocdanccwxﬂnhemodcm
understanding of these terms in the art. Accordingly, key sets are meant. to be
muldfuncton telephone station sets or station equipment type adjuncts that utilize
special digital messaging protocols to communicate with the control unit concerning
actions taken at the set and/or actions that the set should take. TR devices are the
well known dp and ring devices including, without limitation: standard, home-use
type tclcphonc sets - both rotary and multi-frequency signaling types; answering
machines; facsimile (FAX) machines; and modems. |
One commercially available series of telephone systems will accept both key
telephone sets and TR sets in a -bridged configuration to a single port despite their
incompatibilty (see for instance US-A-4572928). In a such a configuration, however,
~ only the key set is fully operated by the control unit. The TR device is not alerted by the
control unit. Further, a TR device bridged in such a configuration can neither place calls
- nor operate features. Additionally, no method of controlling access to the voiceband
. communication medium shared by the bridged key set and TR device is provided.

Accordingly, this system has noticeable drawbacks in many typical situations. For

.example, providing coverage with an answering machiné of calls that are routed to a
particular port requiring an enhanced functionally telephone necessitates either the use
of an additional port or a special adaptor. Similarly, the use of a modern bridged with a
key set would require placing the call by manual dialing from a key set. Also, a potential
exists in such'a configuration that data being supplied to or from the modem could be
corrupted by voice information being transmitted from the key set. Also, this prior system
does not recognize pulse (rotary) type dialing from a TR device in any configuration.

]



port. If the test result in step 709 is NO control is agai 3.8€6;
705 whi ch sends a CONNECTVP nessage to the key set and the H‘ﬁ_ i
‘exited via step 707. If the test result in step 709 is YES, tihe routlne IS
exited via step 707 and a CONNECTVP nessage is not sent to |t He &y JH&t 1997
Thus, the key set remains disconnected fromTR-pair 201 (FI}G] 2) so that

voi ceband communi cati on cannot take placg.with the key set.
Anot her novel feature incorporated into programmable contrdl—unit 127 is

the ability t reprogr a delay in alerting on either TR-pair 201 (FIG
2) or on serg"r g?%"‘B‘l‘"“f"o del ay both. Wen both are del ayed the sane

anount -of tlhnMdﬁwhtveﬁﬁom conventional delayed ring feature. It may
be desirable to del ayf'hgzlix;]v%htri]n% as claimed in claim 1 (apparatus) and claim 22 (method).

Brief Description of the Drawing
In the Drawing:
FIG. 1 depicts 2 key system controller embodying aspects of the

invendon;
FIG. 2 shows an cxemplary implementation of interface apparatus
rcqum:d in a station port of a key system controller for operating and controlling a
tip and ring device, a key st or both simultancously to operate over a two conductor
pair connection;
FIG. 3 displays, in flow chart form, an exemplary implementation of
ring specific applications relating to an external event;
FIG. 4 shows, in flow chan form, an exemplary implementation of
direct transfer of a call to the transferor station poxt;
FIG. 5 depicts, in flow chart form, an exemplary implementation of
placing a call to the calling station port;
FIG. 6 illuswates an exemplary implementation of MEWPRIC
opcranon, in flow chart form;
FIG. 7 shows, in flow chart form, an mplcmcmauon of "barge in"
preventon;
FIG. 8 is a flow chart form expression of a specific embodiment of time
delaying of alerting via messages with respect to alerting via ringing signal; and
FIG. 9 shows an exemplary implementation, in flow chart form, of FAX
_trouble indication.
Detailed Description .
FIG. 1 depicts key system controller 101 having station ports 103-1 to
103-N. Station ports 103 include aspects of the invention. Other station ports (not
shown) that do not embody the invention are not precluded from being incorporated
into key system controller 101. For purposes of this i:':xamplc, cach of station ports -
103 is functionally identical to any other of station ports 103. In & departure from
~ the prior art and'in accordance with an aspect of the invention, each of station ports
103 is capable of operating at least onc compatible key set, at least one tip and ring
device or at least a key type set and one or more tip and ring devices simultaneously
bridged onto the same station port without the use of any special service circuits or
adaptors to provide previously unavailable features to a user. One such key set




o TR-pair 201 (FIG 2) so that a person would be nore |i KEEPLAGERENFREHERE
call at a key set. If no one was available to answer the qalg——after—=a
"predet erm ned nunber of 02 JUL 1997
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interface having an interface compatible with station ports 103 is described in co- .
pending application United States patent application Serial No. 546,323 filed
concurrently herewith.

Several of station ports 103 of key system controller 101 are connected
to station equipment in a manner illustrating aspects of the invention. Station port
103-1 of key system controller 101 is shown interfaced to TR device 105. Station
port 103-2 of key system controller 101 is interfaced to key set 107. Also displayed,
in accordance with an aspect of the invention, is key system controller 101 interfaced
at station port 103-3 to TR device 109 and key set 111 via bridging adapter (BA)
113, which is a conventional telephone Y type jack. Nothing precludes bridging
adaptor 113 from being directly incorporated into key system controller 101 or a key
set. Bridging adaptor 113 is shown separately only for clarity purposes.
Alternatively, bridging adaptor 113 could be eliminated and a direct parallel
connection made between TR device 109 and key set 111. Button box 115, also
known as a direct station select (DSS) unit which is an enhanced key interface unit,
is shown being connected to and controlled by key system controller 101 at station
port 103-N via optional bridging adaptor (BA) 117. If optional bridging adaptor 117
is employed, a TR device, e.g., tip and ring telephone 119, can also be bridged in
parallel with button box 115. Also shown are optional button boxes 121 and 123
which are cascaded with button box 115. Additionally, shown is the attachment of
optional key set 125 via button box 115. Within the scope of the preseat invention
many other configurations of equipment-combinations and station port assignments
can be implemented.

Coordinating the overall operation of key system controller 101 is
programmable control unit 127 which provides all the necessary control functions.
These control functions include but are not limited to: responding to actions taken at
a station set, setting up calls placed through key system controller 101, controlling
the application of various tones and determining which station ports to alert and
what method of alerting is to be used. Programmable control units for key systems
are well known. They are typically microprocessor based .

Central office (CO) line ports 129-1 through 129-M provide an interface
for key system 101 to a telephone central office for placing calls over the public
switched telephone network. Such line ports are well known in the art. Indeed,
other forms of external interfaces, of which central office (CO) line ports 129 are but
one example, may be implemented,
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-16 - rings the tip and ring |l ead would begin to alert witfh ri"_rf'g'ﬁ"'h'g""'si"g"r‘ra’r,
~and an answering machine could answer the call and take a rfe4sqpe- ;

" Alternatively, a call screening systemcould be set up for la boss-ggér@%r
arrangenent bridged onto one of station ports 103. Calls ane‘ .
ring i medi ately at the TR device which would be the secrefary's tel ephone.
Del ayed ringing is programed for the k#y tel ephone bel ongi ng 0 TNe bUSS™t
An incomng call would normally ring at and be answered by the secretary so --
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four (4) conductors adapted for transferring power and communications to devices to
be attached. Briefly, a first pair of conductors, TR-pair 201, is adapted to carry
ringing signal, tip and ring loop power and voiceband communication. It is noted
that all of these signals are not necessarily carried simultaneously. A second pair of
conductors, service pair 203, is adapted to carry bi-directional supervisory and
control signals. Operating power intended for non-TR devices, in this preferred
embodiment, is also provided via service pair 203. Again, all of these signals are not
necessarily carried simultaneously. Additionally, key system controller 101
regulates access to TR-pair 201 for voiceband communication purposes by a key set
at any of station ports 103 through the use of special supervisory and control
messages. These messages are supplied to transmit data input of 205 of data
transc&iver 207 and are ultimately transmitted to a key set over service pair 203.
Other station port interface embodiments, such as a one pair implementation or a
three pair implementation, are clearly within the scope of the present invention
provided that they are capable of fully operating at least one key telephone set, at
least one tip and ring device or at least a key type set and one or more tip and ring
devices simultaneously bridged onto the same station port.

More specifically, shown in FIG. 2 is battery feed, overvoltage
protection, ringing signal sending, supervisory, codec; hybrid, and test (known in the
art as BORSCHT) circuit 209 that provides and detects the tip and ring signals
necessary to operate TR devices. The codec feature is not required for space division
switches and the overvoltage protection and test features are optional. Shown in
more detail as specifically being incorporated into BORSCHT circuit 209 are voice

' 'band transceiver 211, voice battery feed 213 and ring generator 215 which are
controlled by key system controller 101 (FIG. 1). BORSCHT circuits are well
known in the art. In this example, key. system controller 101 supplies the operating
power required by BORSCHT circuit 209. The operating power includes but is not
limited to: +5 volts (lead 217), GROUND (lead 219) , -5 volts (lead 221), -48 volts
(lead 223) and -200 volts (lead 225). Voiceband signals to be transmitted to a station
set are supplied to TRANSMIT VOICE input 227. Further, signal DISCONNECT,
on lead 229 enables key system controller 101 (FIG. 1) to control the application and
removal of loop current to and from TR-pair 201 by voice battery feed 213. This
allows key system controller 101 to generate and supply a remote disconnect signal
to a TR device. Application of ringing signal to TR-pair 201 at each of station ports




desk so that he/she could answer it. FIG 8 shows, in flow

~chart form an exenplary inplenentation of delayed ri ngifr t Key—sat
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station port on which it is to be activated nust be desig ated as a
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desi gnation may be perfoned by user custom programm ng, {a m n| S
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ports 103, cofrdller $0Exanpl e station port 103-P, for which

a designation and

Yoiceband communication, including muld-frequency signalling tones,
transmirted from station sets attached to interface 200 are supplied by BORSCHT
circuit 209 to key system controller 101 (FIG. 1) on RECEIVE YOICE output signal
233. Depending upoa the state of the call at any of stadon ports 103 this signal may
be switched in key system contoller 101 to another one of stadon ports 103 or
supplied to a multi-frequency tone detector for extracting the signalling information
contained in the tone and decoding the button depression. Thus, TR-pair 201 is used
both for alerting purposes at TR devices and for voiceband communications with key
or tip and ring station sets.

BORSCHT circuit 209 provides the supervisory function at each of
statioerSns 103 (FIG. 1) by supplying output signal DP on lead 235 to key system
controller 101 which indicates that an at least predetermined minimum loop current
value is being drawn from BORSCHT circuit 209 by TR-pair 201. Each key set
artached to interface 200 may draw a predetermined maximum loop current from
TR-pair 201. An exemplary predetermined maximum current drawn by a key set is
7 mA. Similarly, a TR device attached to-interface 200 draws no current in the on-
hook state and may draw a predetermined minimum loop current from TR-pair 201
in the off-hook state. An exemplary predetermined minimum current drawn by 2 TR
device in the off-hook state is 15 mA. TR devices draw more loop current than key
sets that arc completely compatible with interface 200. If the predetermined
minimum current detected by interface 200 was set to be less than the predetermined
maximum drawn by a key set, output signal DP on lead 235 would be falscly
-asserted when loop current was drawn by a key set. It is important that only the
current drawn from TR-pair 201 by a TR device in its off-hook state is detected. The
amount of current drawn from TR-pair 201 by a key set should not be detected. This
is realized by asserting output signal DP on lead 235 only when the current drawn
from TR-pair 201 is grcau:f than the maximum current' drawm by key sets bridged

onto a single one of station ports 103. When an appropriate current value is chosen

and implemented, in accordance with an aspect of the invention, key system
controller 101 can detect tip and ring pulse signalling (switch-hook state and rotary
dialing) by monitoring the status of output signal DP on lead 235. An exemplary
current value is 10 mA.



regramm ng has been entered. Accordingly the routine i it oV TED
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‘del ayed, T. is initialized to zero(0). Next, any TR dev c s at station poft
103-P are alerted by the supplying of one cycle of ring glgnﬂl_qgg?
TR-pair 201 (FIG 2) of station port 103- P in step 805 herearter,
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the test result in step 807 is YES, control is passed t¢ step 809 which
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located in an attached rcmotc key set for communication to take place. The data
packets, in this example, are transmitted in a so called "ping-pong" fashion. Further,
cach data packet comprises 24 bits, wherein the first 16 bits are the actual
information containing a supervisory and control message and the last 8 bits are a
checksum computed in a predetermined fashion based upon the first 16 bits of
information. Each 16 bit message can yield only one checksum. A data packet is
valid when the 8 bit checksum it contains corresponds to the 16 bits of information
therein. Each 16 bit pattern is predefined as a command, a status indication or other
necessary information required to be transported between key system controller 101
and a key set for supporting implementation of enhanced functiohality features. As
an example, packet 000000000000010100010100 indicates that a key set should
sound a predetermined alerting tone. The formation of such message sets is well
known in the art. The data signals that are superimposed in this example conform to
those disclosed in United States Patent 4,454,383, Of course, utilization of any other
signaling method that can be superimposed is not precluded. In accordance with an
aspect of the invention, a predetermined subset of the supervisory and control
messages are messages that signal alerting to a key set. Furthermore, at least the
alerting message subset may be supplied from key system controller 101 through one
of station ports 103 for transmission to a key set independent of the state of or
signals appearing on TR-pair 201. Also, in accordance with an aspect of the
invention, a subset of messages is reserved for regulating the transmission and
. reception of voiceband signals by a key set over TR-pair 201. Thus, for example, a
" first message would indicate to a key set that it should disable voiceband
transmissions and a second message would indicate that the key set should enable
voiceband communication transmission. Similarly, messages indicating enable and
disable voiceband communication reception may be provided. Another group of
messages could indicate that a key set should disassociate itself from TR-pair 201
with regard to voiceband communications by placing itself in a high impedance
state. '

- Capacitors 237 block any DC power that is placed on service pair 203
from reaching data transceiver 207. Outbound supervisory and control messages
from data transceiver 207 are passed through capacitors 237 which superimpose the
messages onto the power that is present at CT and CR for transmission to a remote



test result

I ncrements T and passes control back to step 805 to i
“cycle. If the test result in step 811 is YES, control

whi ch st ops

via step 817. FAX trouble indication is a
that is incorporated into progranmmable e@rtrol unit 1
ports 103 is preprogrammed as a FAX station port.

in step 811 is NO control is passed to step—8i3-whi

all alerting at station port 103-P. The rt|
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201 (FIG 2)

I f the cal ot ans .
m a remote key set to data u‘ansccxvcr 207 Opnonal protection unit 239 protects

data transceiver 207 from large voltage transients that may become present on CT
and CR. In this example, protection unit 239 comprises zener diodes 214-T and
214-R configured to clamp any signal to their rated value.

Power feed unit 241 blocks the transmission of AC signals, i.c., the data
signals containing the control and supervisory information, yet permits the passage
of DC signals, i.e., operating power, outward over service pair 203 to a remote key
set. The DC power is supplied to station ports 103 from key system controller 101
(FIG. 1), in this example, as -48 volts (on lead 223) and GROUND (on lead 219). In
a preferred embodiment, power feed unit 241 contains transistor based constant
current drivers, which are well known.

_ An additional feature of interface 200, in accordance with another aspect
of thé invention, is the ability to independently control, at each of station ports 103
(FIG. 1) of key system controller 101, the application and removal of the power
supplied to a remote key set. In this example, control input POWER ON (on lead
243) of power feed unit 241 is used by key system controller 101 (FIG. 1) to control
the actual feeding of power to service pair 203 by power feed unit 241. This power
control provides a mechanism for controllably applying power to each of station
ports 103 at start up to prevent the drawing of excessive start up power from key
system controller 101. Also, the capability to control power application provides the
ability to induce a key set to re-initialize itself as when power is first received by the
key set. This capability is used to attempt to restart key sets that are not responding
with valid messages in the expected manner. The cycling of power off and on for

_predetermined periods is typically detected by a power on reset unit located in a key
" set which generates a RESET indication that is supplied to a control circuit therein

for restarting the key set.

Incorporated into power feed unit 241 is optional overload protection
unit 245 which determines if an excessive amount of power is being drawn from the
station port into which it is incorporated. If the drawing of an excessive amount of
power is detected, optional overload protection unit 245 will automatically cause
power feed unit 241 to cease supplying power to service pair 203. Power can then be
reapplied after a predetermined time period has elapsed. Alternatively, output, OL
(on lead 247), may: be supplied from interface 200 to key system controller 101
(FIG. 1) to indicate that an overload condition has occurred. Key system controller
101 can then reapply power through the use of input signal POWER ON (on lead
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243). An excessive amount of power may be drawn, for example, under a short

circuit condition.

The ability of station ports 103 in key system controller 101 comprising
interface 200 to signal alerting independently via ringing signal supplied to TR-pair
201, via messages indicating alerting transmitted on service pair 203 for a key set or
via both techniques simultaneously in addition to control by key system controller
101 of voiceband communication access by a key set at any of station ports 103
allows for incorporation of additional user features into key system coatroller 101.
These new features are implemented in programmable control unit 127 of key
system controller 101 for determining whether to signal alerting via ringing signal
supplied to TR-pair 201 only, to signal alerting via messages indicating alerting
transmitted on service pair 203 for a key set, via both techniques simultaneously or
not to signal alerting at all. The decisions and determinations made by
programmable control unit 127, as well as the interactions of the apparatus with the
user via operations that have affect and are effected at the remote station sets, define
the operation of each feature. It may be required that certain parameters and
specifications for the operation of a feature be determined prior to use of a feature at
a particular one of station ports 103. The new features include the following: ring
specific applications relating to an external event; direct transfer of calls to the

_ transferar station port; calling other sets on the same station port; MEWPRIC

(Multiple Extension With Personal Ringing on Incoming Calls) operation, i.e., a
party line type of operation where the TR device and the key set sharing a single
station port of station ports 103 are assigned different endpoint addresses; prevention
of "barge in", i.., bridging, by a key type sct onto a call to a TR device; time

_ phasing of rings to allow for a coverage operation; and FAX trouble indication. It

should be noted that when alerting at a key set is to be prevented or delayed the
messages specifying audible alerting that would normally be transmitted are
inhibited by key system controller 101. However, illuminated status indicators in the
key telephone system may be, depending upon the implementor’s desire,
appropriately updated to reflect any type of alerting that is occurring at station ports
103.

In" ring specific applications relating to an external event, a
predetermined condition on an external interface of key system 101 (FIG. 1), e.g.,
central office (CO) line ports 129, is detected by key system controller 101, such as
CNG (CalliNG) tone or a special central office ring pattern. Then, in response to the
determination of the existence of the condition, a particular class of stations, ¢.g.,
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specifically for FAX service in response to a detection of CNG tone received on
central office (CO) line port 129-1 will be alerted. Further, the only alerting at
preprogrammed ones of station ports 103 will be only via ringing signal applied to
TR-pair 201. CNG tone is a tone to indicate a calling non-speech device comprising
a repeated 1100 Hz tone that is ON for 0.5 seconds and off for 3 seconds until an
appropriate response is received or a tilne-out occurs. Alternatively, the detection of
two short rings and one long ring on one of central office (CO) line ports 129
indicates that a call is destined for the boss of a boss-secretary team. If the boss and
secretary are sharing one of station ports 103, the boss having a key set and the
secretary having a tip and ring telephone set, only alerting messages over service
pair 203 are transmitted. In another example, the detection on one of central office
(CO) line ports 129 of standard ringing causes the transmission of both ringing
signal and alerting messages.

An ecxemplary implementation of this feature, illustrating the
dctermmanon to ring only via tip and ring ringing signal in response to a detected
external event, is depicted in flow chart form in FIG. 3. Prior to actual operation of
the feature, key system controller 101 is programmed so that the several of station
ports 103 that are responsive to a particular predetermined external event E are
included in a group G. In this example, when an external event is detected key
system controller 101 will alert only TR devices on those of station ports 103 that
are included in group G. This is done by only signalling alerting via ringing signal

_ supplied to TR-pair 201 (FIG. 2) of the selected station ports 103.

Accordingly, the routine is entered via step 301 upon detection of a
- predetermined external event E. This detection could be hardware based, software
based or a combination thereof, at the implementor’s discretion. Thereafter, in step
303, a variable P is assigned the value of PMIN, the lowest station port address of
station ports 103. Next, conditional branch point 305 tests if station port P is
included in. group G. If the test result in step 305 is YES, control is passed to step
307 signal alerting via ringing signal supplied to TR-pair 201 (FIG. 2) of station port
P. Thereafter, control is passed to step 309. If the test result in step 305 is NO,
control is passed directly to step 309. Step 309 increments P to point to the next
sequential one of station ports 103. Thereafter, conditional branch point 311 tests if
the valuc of P is greater than PMAX, the highest station port address of station ports
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such that staton ports in another group are rung in another fashion, e.g., only

a.lcm'ng via messages to the key set in response to other events, without violating the

scope of the invention.

Direct transfer of calls to the transferor station port is a novel extension
of the well known key system transfer operation. In addition to regular transfers,
calls may be transferred from a TR device at one of station ports 103 (FIG. 1) to
another or the same TR device at that station port, only a key set at that station port

~ ortoboth a key set and the TR devices at that station port. Altemnatively, a call may

~ be transferred from a key set to 2 TR device at that station port. This feature is

useful for wansferring calls to or from a FAX machine to facilitate reception or

transfer of a FAX during a voice conversation. Another use of this feature would be

to transfer a call between 2 boss and a secretary bridged onto one of station ports

103, as described above, for call screening purposes. Additionally, this technique

could be used to transfer a call to a tp and ring telephone or key set in another part

of a large room or a different room, yet limiting the total number of station ports 103
required.

A mansfer to the transferor station port of station ports 103, is
accomplished by a predetermined sequence of switch hook flashes and/or button
depressions. For example, by initially activating the transfer feature through the

- pressing of the transfer button on a key set and dialing a predetermined code
.specifying the transfer type selected, i.e., a transfer t0 the transferor station port. A

. call being transferred 10 a key set can begin alerting via alerting messages
transmitted over service pair 203 (FIG. 2) immediately upon completion of the
transfer command. A call being transferred to a TR device should require that all TR
devices bridged onto that station port of station ports 103 are on-hook before ringing

* signal is applied to protect the ears of the transferee from a loud popping noise that
ringing signal can gencrate in the handset. If an on-hook condition is required, the
detection of on-hook must be accomplished within a predetermined period of time o
an error conditioa will result. Additionally, when a call is transferred to a TR device
from a key set, key system controller 101 (FIG. 1) should, at the implementor’s
option, instruct the key sct via messages on service pair 203 (FIG. 2) to disable its
connection for voiceband communication purposes to TR-pair 201.



st'ep 915 is NO, control

~control

ET¥

0% by TTTUMT

T2 " 9y 1867

v

FIG. 4 depicts, in flow chart form, an example of Tt transie -
callﬁ'omakcysctonastanonportdn'ectlytod:c’l'Rdcvxceonthaxsamcstauon
port. Prior to entry, a transferable call must be established though key system
controller 101 (FIG. 1) to the transferring station port of staton ports 103.
Accordingly, the call ansfer routine is entered via step 401. In step 403 a user
presses the transfer button at a key set attached to one of station ports 103 (FIG. 1).
Next, in step 405 key system controller 101 places the call on hold. Voiceband
signals from the remote party are no longer supplied to TRANSMIT VOICE input
227 (FIG. 2) for voiceband transceiver 211 of BORSCHT circuit 209. Instead,
“inside" dial tone (also known as system dial tone, to be distinguished from dial tone
supplied from a central office) is supplied by key system controller 101 to
TRANSMIT VOICE input 227 for transmission on TR-pair 201 (FIG. 2). The inside
dial tone-is heard by the user. In step 407 the user dials extension E from the key set.
In this example, extension E must be the extension of TR devices attached to this
transferring one of station ports 103. In the usual manner of telephone dialing, when
the first digit of extension E is dialed the inside dial tone is removed (no longer
supplied). Next, conditonal branch point 409 tests if any TR devices attached to this
transferring station port are off-hook. If the test result in step 409 is YES, control is
passed to step 411 which causes a busy tone to be supplied to TRANSMIT VOICE
input 227 for transmission on TR-pair 201 (FIG. 2). The busy tone is supplied in a
manner similar to that described for the inside dial tone. Control then passes to step
413 and the routine is exited. If the test result in step 409 is NO, control is passed to
step 415 which causes a message to be sent over service pair 203 (FIG. 2) directing
the key set to remove its connection for voiceband communication from TR-pair 201

- (FIG. 2). This is done so that ringing signal to be supplied in subsequent steps on

TR-pair 201 (FIG. 2) is not audible at the key set. Also, subsequent voiceband
transmissions from the key set will not interfere with the voiceband transmissions
originating at the transferee TR device. Step 417 then alerts the TR device via
ringing signal supplied to TR-pair 201 (FIG. 2). Next, control is passed to step 419
which retains control until the detection of an off-hook on TR-pair 201 (FIG. 2).
Upon detection of an off-hook on TR-pair 201 (FIG. 2) control is passed to
conditional branch point 421. Conditional branch point 421 tests if the key set
attached to this station port and initiating this transfer is off-hook. If the test result
in step 421 is YES, control is passed to step 423 which indicates that the transfer in
not completed yet. Control is then passed back to step 421. If the test result in step
421 is NO, control is passed to step 425 which removes the transferred call from
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hold and recoanects the voiceband signals of the call .o TRANSMIT VOICE input
227 (F1G. 2) and thus through voiceband transceiver 211 of BORSCHT circujt 209
o TR-pair 201 and the transferee TR device. The routine is then exited via step 413
and control is returned to the main key system program. In a similar manner, as will
be apparent 10 one skilled in the art, other transfer mechanisms can be implemented.
Addidonally, transfer from TR devices o key sets or o other TR sets or a
combination thereof can be arranged without violating the scope of the
invention.

Calling other sets on the same one of station ports 103 as the calling set
is similar to direct transfer to the transferor staton port except that there is no
requirement to establish a transferable call though key system controller 101 (FIG. 1)
prior 10 starting the routine. An example of placing a call via this method is shown
in FIG. S, in flow chart form. The exemplary call to be placed is a call from 2 TR
device to 2 key set. .Prior to entry, a TR device must go off-hook at a station port on
which is also bridged a key set.

Accordingly, the routine is entered via step 501. Step 503 causes inside
dial tone to be supplied to TR-pair 261 (FIG. 2). The user at the off-hook TR device
can hear the inside dial tone. In step 505, the user dials extension E from the TR
device. In this example, extension E must be the extension of a key set attached to
this station port. In the usual manner of telephone dialing, when the first digit of
extension E is dialed the inside dial tone is removed (no longer supplied). Next,
conditional branch point 507 tests if the key set attached to this station port is off-
hook. If the test result in step 507 is. YES, coatrol is passed to step 509 which exits

_the routine. If the key set was granted access to voiceband communicadons on TR-
* pair 201 (FIG. 2) at the tme it went off-hook, communication can take place
between the TR device and the key set. If the test result in step 507 is NO, conuol is
passed 10 step 511 which alents the key set by supplying appropriate alerting
messages on service pair 203 (FIG. 2). Control is then passed to step 513 which
retains control until the key set goes off-hook. When the key set goes off-hook
control is passed to step 515 which sends a CONNECTVP message 1o the key set
over service pair 203 (FIG. 2) instructing the key set to enable access for voiceband
communijcations over TR-pair 201 (FIG. 2). Voiceband communication can now
take place between the TR device and the key set. The routine is then exited via step
509. :
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In an altemate implementation, the feature could employ a feature
activation code, which, when entered by the user, would automatically begin alerting
at any other sets attached to the same one of station ports 103 (provided that all TR
devices are on-hook or go on-hook within a predetermined period of time.)

The ability to separately or simultaneously alert TR devices and key sets
enables the assignment of a separate endpoint address at each station port of station
ports 103:for the TR devices, the key sets or a combined address. Use of this
multiple assignment arrangement is known as MEWPRIC (Multiple Extension With
Personal Ringing on Incoming Calls) operation. This allows one to make a call to a
particular set class (key, TR, or any set) on each of station ports 103. A caller from
another one of station ports 103 could place a call to only the TR devices on the
destination station port of station ports 103 by specifying during dialing the endpoint
address of TR devices at the destination station port. Thus, for example, any station
port of station ports 103 in the system could place a call directly to a FAX machine,
the lone TR device at that station port, even if a key set is bridged on. Altenatively,
a caller from one of station ports 103 could place a call only to a key set on the
destination station port by specifying during dialing the endpoint address of the key
sct at the destination station port. In another scenario, a caller from another station
port of station ports 103 could place a call to any unit attached to the destination
station port by specifying an endpoint address that includes both the TR device and
the key set, i.e., it cduses alerting on both TR-pair 201 (FIG. 2) and on service pair
203. Another variation that combines direct inward system access, DISA, (a feature
well known in the art) with the MEWPRIC operation allows outside callers to

specify the particular device type they wished to reach at their selected particular

station port of station ports 103, if they know the correct endpoint address.

In an exemplary implementation of the MEWPRIC operation, shown in
flowchart form in FIG. 6, each of station ports 103 (FIG. 1) is assigned three (3)
predetermined telephione extension numbers represented in functional form as
E(X,Z). X is a variable that can assume values that cofrespond to the number of one
of stadon ports 103, i.e., a value from 1 to N. Thus, station port 103-X, at any
particular instant in time, is whichever of station ports 103 the number of which
corresponds to the value of X at that instant. Z is also a variable and indicates the
type of alerting to be supplied. A value for Z of 1 corresponds to a TR devices only,
a value of 2 to a key sct only and a value of 3 to any set (both TR devices and key
sets). A mapping function, determined by the implementor, derives cither the values
of X and Z when given an extension E(X,Z) or the value of extension E(X,Z) when
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implemented via a look-up table. Mapping functions and implementations thereof
are well known. Referring to FIG. 6, the routine is entered via step 601 upon the
detection of an off-hook at one of station ports 103, in this example, station port
103-A (FIG. 1). In step 603 the user at station port 103-A dials an extension with a
value of E. (A) is a constant and corresponds to the number of the one of station
ports 103 from which the user is calling. Next, conditional branch point 605 tests if
E=E(A,*) where * signifies any value of a.variable that will allow the equality to be
truc is acceptable to satisfy the test. If the test result in step 605 is YES, control is
passed to step 609 which supplies a busy tone to TR-pair 201 (FIG. 2) of station port
103-A. The routine is then exited via step 611. If the test result in step 607 is NO,
control is passed to step 607 in which variable X is assigned to a value
corresponding to the number of the first station port in the system. Control is then
passed to conditional branch point 613 which tests to determine if the value of E is
equal to E(X,1). If the test result in step 613 is YES, control is passed to step 615
which alerts the station port of ports 103 corresponding to X, i.e., port 103-X, by
causing ringing signal to be supplied to TR-pair 201 (FIG. 2) of that station port.
The routine is then exited via step 611. If the test result in step 613 is NO, control is
passed to conditional branch point 617 which tests if the value of E is equal to
E(X.2). If the test result in step 617 is YES, control is passed to step 619 which
alerts station port X by causing alerting messages to be supplied to service pair 203
(FIG. 2) of port 103-X. The routine is then exited via step 611. If the test result in
step 617 is NO, control is passed to conditional branch point 621 which tests if the
value of E is equal to E(X,3). If the test result in step 621 is YES, control is passed

", to step 623 which alerts station port X by causing ringing signal to be supplied to
TR-pair 201 (FIG. 2) of station port 103-X and by causing alerting messages to be
supplied to service pair 203 (FIG. 2) of station port 103-X. The routine is then
exited via step 611. If the test result in step 621 is NO, control is passed to step 625
which tests if there are any further station ports to test. If the test result in step 625
is NO, control is passed to step 627 which causes an error tone to be supplied on
TR-pair 201 (FIG. 2) and heard by the user at station port 103-A. The routine is then
exited via step 611. If the test result in step 625 is YES, control is passed to step 629
which assigns to X the value of the next sequential one of station ports 103. Control
is then passed back to conditional branch poiht 613.
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with a TR device. One method of using this feature is to activate it on a call by call
basis, either prior to or during the call. Alternatively, the feature could be
programmed to be constantly active at a station port. One use for this feature would
be to prevent a user from corrupting a facsimile transmission by going off-hook on a
key set bridged with a FAX machine. In addition to preventing transmission by the
key set, reception by the key set can also be inhibited to provide privacy and prevent
eavesdropping. _

An exemplary implementation of "barge in" prevention is shown in flow
chart form in FIG. 7. The station port or set of station ports 103 for which "barge in"
prevention is to be activated must be predesignated as a station port at which this
feature may be activated prior to actual activation of the feature. This predesignation
may be performed by user custom programming, administration or may be
predetermined and supplied in a default manner. The feature is activated by a
detection of an off-hook message supplied from a key set at one of station ports 103
and the routine is accordingly entered at step 701. Thereafter, conditional branch
point 703 tests if the barge in feature is activated on this station port. If the test
result in step 703 is NO, control is passed to step 705 which sends a CONNECTVP
message to the key set. A CONNECTVP message instructs the key set to enable
access for voiceband communications over TR- pair 201 (FIG. 2). The routine is
then exited via step 707. If the test result in step 703 is YES, control is passed to
conditional branch point 709 which tests if a TR device is off-hook at this station
port. If the test result in step 709 is NO, control is again passed to step 705 which

. sends a CONNECT VP message to the key set and the routine is exited via step 707.

If the test result in step 709 is YES, the routine is exited via step 707 and a
CONNECTVP message is not sent to the key set. Thus, the key set remains
disconnected from TR-pair 201 (FIG. 2) so that voiceband communication cannot
take place with the key set.

_Another novel feature incorporated into programmable control unit 127
is the ability to.preprogram a delay in alerting on either TR-pair 201 (FIG. 2) or on
service pair 203 or to delay both. When both are delayed the same amount of time,
the result is a conventional delayed ring feature. It may be desirable to delay ringing
on TR-pair 201 (FIG. 2) so that a person would be more likely to answer the call at a
key set. If no one was available to answer the call, after a predetermined number of
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rings the tip and ring lead would begin to alert with ringing signal and an answering
machine could answer the call and take a message. Altematively, a call screening
system could be set up for a boss-secretary arrangement bridged onto one of station
ports 103. Calls are programmed to ring immediately at the TR device which would
be the secretary’s telephone. Delayed ringing is programmed for the key telephone
belonging to the boss. An incoming call would normally ring at and be answered by
the secretary 30 as to be screened without disturbing the boss. If the secretary was
away from his/her desk, after a predetermined delay, the call would alert at the boss’
desk so that he/she could answer it.

FIG. 8 shows, in flow chart form, an exemplary implementation of
delayed ringing at a key set only. Prior to activation of this feature at one of station
ports 103, the station port on which it is to be activated must be designated as a
station_port at which this feature is to be invoked. Again, this designation may be
performed by user custom programming, administration or the designations may be
predetermined and supplied in a default manner. Additionally, D, the delay time in
units of number of ring cycles that ringing is to be delayed by at the key set, must be
preprogrammed. This feature is activated when a called is placed to a particular one
of station ports 103, in this example station port 103-P, for which a designation and
programming has been entered. Accordingly the routine is entered via step 801.. In
step 803, the number of ring cycles that ringing has already been delayed, T, is
initialized to zero(0). Next, any TR devices at station port 103-P are alerted by the
supplying of one cycle of ringing sigxial to TR-pair 201 (FIG. 2) of station port 103-
P in step 805. Thereafter, conditional branch point 807 tests if T is greater than or
equal to D. If the test result in step 807 is YES, control is passed to step 809 which

.alents the key set with one cycle of alerting messages. Control then passes to
" conditional branch point 811. If the test result in step 807 is NO, control is passed
directly to conditional branch point 811. Conditional branch point 811 tests if
station port 103-P is indicating an off-hook, cither by a TR device or a key set. If the
test result in step 811 is NO, control is passed to step 813 which increments T and
passes control back to step 805 to implement another alert cycle. If the test result in
step 811 is YES, control is passed to step 815 which stops all alerting at station port
103-P. The routine is then exited via step 817.

- FAX trouble indication is another new feature that is incorporated into
programmable control unit 127. One of station ports 103 is preprogrammed as a
FAX station port. Calls to the FAX station port must be answered by the indication
of an off-hook signal on TR-pair 201 (FIG. 2). If the call is not answered by the
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indication of an off-hook signal on TR-pair 201 (FIG. 2) an indication, illuminated,
audible or both, is given at a preprogrammed station or set of stations. For example,
an LED on a key set bridged onto the same one of station ports 103 as the FAX
machine would be illuminated. Alternatively, if an on-hook is éxpected within a
specified predetermined time at a preprogrammed one of station ports 103 in
response to a predetermined condition, eg., a far end disconnect, then an audible tone
is provided at one station port of station ports 103 designated for an attendant.
Shown in FIG. 9, in flow chart form, is an exemplary implementation of
FAX trouble indication. Again, the ones of station ports 103 for which the feature is
to be activated must be predesignated. Also, a station port at which the trouble
indication is to be given must be predesignated. The routine is entered in step 901
when a call is placed to a station port predesignated for FAX trouble indication. In
step 903, the number of ring cycles that have elapsed, R, is set to zero (0). One cycle
of alerting via ringing signal supplied to TR-pair 201 (FIG. 2) is performed in step
905. Next, conditional branch point 909 tests if a TR device has gone off-hook at the
station port. If the test result in step 909 is YES, control is passed to step 911 which
stops all alerting at the station port. The routine is then exited via step 913. If the
test result in step 909 is NO control is passed to conditional branch point 915 which
tests if the number of ring cycles R that has elapsed is greater then RMAX, the
maximum allowable ringing cycles before trouble is indicated. If the test result in
step 915 is NO, control is passed to step 917 which increments N and passes control
back to step 905 to provide further alerting. If the test result in step 915 is YES,
control is passed to step 919 which provides a FAX trouble indication at the
predesignated one of station ports 103 by illuminating a predetermined indicator or
‘providing an andible signal. The routine is then exited via step 913.
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Claims
1. Apparatus in a station port {103] interface of a switching system
control unit (101] adapted for controlling a plurality of remote station units over a
conductor pair {201] comprising:
means for supplying all signals required to operate and control [209] a tip
and ring device [105, 109, 119] regardiess of whether a key set [107, 111, 125] is also
bridged onto said station port; and

means for supplying directly all signals required to operate and control [207,
237, 239, 241] said key set {107, 111, 125] regardless of whether said tip and ring device
[105, 109, 119] is also bridged onto said station port; L
the apparatus being CHARACT’ERIZED IN THAT said means for supplymg
all signals {209] to operate said tip and ring device [105, 109, 119] and said means for
supplying all signals to operate [213, 125] a key set [107, 111, 125] are adapted to
controllably supply said signals independently and simultaneously such that said station port
[103] can at least alert said tip and ring devicé [105, 109, 119] and said key set [107, 111,
125] independently, simultaneously or not at all.
2. The apparatus as defined in claim 1 further CHARACTERIZED BY
.means adapted for sending and receiving voice band communication [211] over said
' ﬁrst conductor pair [201].

3. The apparatus as defined in claim 1 CHARACI‘ERIZED IN THAT said
means for supplying all signals to [209] to operate said tip and ring device [105, 107, 119]
includes means adapted for-supplying tip and ring ringing signal to said first conductor pair -
[215]. . | . | '
' - 4. The apparatus as defined in claim 1 CHARACTERIZED IN THAT said _
' means fof supplying -all signals [209] to operate said tip and ring device 105, 109, 1191
includes means adapted for providing tip and ring loop power [213] to said first conductor
pair [201].
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5. The apparatus as defined in claim | CHARACTERIZED IN THAT
said means for supplying all signals directly all signals to operate and control said
key set [107; 111, 125] includes means adapted for sending and receiving

supervisory and control signals [207] to a second conductor pair [203].

6. The apparatus as defined in claim 1 further CHARACTERIZED BY
means for controllably applying and removing power [241] intended for use by a key

set {107, 111, 125] to a second conductor pair [203].

7. The apparatus as defined in claim | CHARACTERIZED IN THAT
said switching system control unit further includes means for determining [127]
whether to alert said station port [103] only via supplying ringing signal, only via
supplying alerting messages, via supplying both ringing signal and via supplying
alerting messages simultaneously on said station port [103] or not to alert at said

station port [103] at all.

8. The apparatus as defined in claim 6 CHARACTERIZED IN THAT
said means for controllably applying [241] is responsive to reception of valid
supervisory and control signals supplied from said second conductor pair [203] for

supplying and removing said power.

9. The apparatus as defined in claim 6 CHARACTERIZED IN THAT
said means for controllably [241] applying is responsive to the amount of said power
being drawn wherein said power is removed if a predetermined threshold amount is

exceeded [245].

10. The apparatus as defined in claim 9 CHARACTERIZED IN THAT

said power is reapplied after a predetermined amount of time has elapsed.

) 11. The apparatus as defined in claim 7 CHARACTERIZED IN THAT
said means for determining {127] is responsive to predetermined detectable external

events.

12. The apparatus as defined in claim 7 CHARACTERIZED IN THAT
said means for determining [127] is responsive to call transfer mechanisms of said
switching system control unit [101] for transferring an already established call at

said station port [103] directly back to said station port [103].

13. The apparatus as defined in claim 7 CHARACTERIZED IN THAT
said means for determining [127] is responsive to call placement mechanisms of said
‘switching system control unit for placing a new call from said calling station port



10. The apparatus as defined in claim9 CHARACTERI ZED | N
reapplied after a predeterm ned anount of tine has el apsed!

determning [127] is responsive to predeterm ned detectabl e
events. - 12, .The apparatus as defined in claim{f

CHARACTERI ZED

g gerjidl 1997

transrer

L ACENTENT SREET

The apparatus as defined in claim?7 CHARACTERI ZED I N THAT} sji d neans for

)

THAT said mean W] [127] is p6sponsive to cd |
nmechani sns of msu ,m%iuaiht em cont rol unit [101] for transferri ng_an
M s

station port [103] directly back to said

already establis :
station port [103] 13. The apparatus as defined
CHARACTERI ED | N THAT .

inclaim?7 -

[103] directly to said calling station port [103].

14. The apparatus as defined in claim 7 CHARACTERIZED IN THAT
said means for determining [127] is responsive to a particular endpoint address

~ specified for said station port {103], said endpoint address being a member of a set of
endpoint addresses identifying said station port [103], such that each particular
endpoint address of said set encodes a particular type of alerting to be generated and
supplied to said station port [103].

' 15. The apparatus as defined in claim 7 CHARACTERIZED IN THAT
said means for determining [127] is responsive to a predetermined selection for said
station port [103] for establishing a delay in commencing alerting via ringing signal
relativeto commencing alerting via alerting messages or for establishing a delay in
commencing alerting via alerting messages relative to commencing alerting via
ringing signal.

16. The apparatus as defined in claim 15 CHARACTERIZED IN THAT
said means for determining [127] is further responsive to a predetermined selection

of a duration for said delay.

| 17. The apparatus as defined in claim 7 CHARACTERIZED IN THAT
said means for determining {127] is further responsive to a predesignation that said -
station port {103] will only alert in response to a call that alerts at said station port
{103] with only a single predetermined alert type and wherein said switching system
control unit [101] includes further means {227, 211, 205, 207] for providing an

.indication that a call placed to said station port {103] is not answered by a station set
(105, 107, 109, 111, 119, 125] of a type capable of responding to said single
predetermined alert type within a predetermined period of time.

18. The apparatus as defined in claim 7 CHARACTERIZED IN THAT
said means for supplying all signals to operate [209] said tip and ring device [105, 109, 119]
and for supplying all signaling [207] to operate said kéy set {107, 111, 125] are
responsive to said means for determining [127].

19. - The apparatus as defined in claim 2 further CHARACTERIZED BY
means for generating and supplying [207] to said key set {105, 109, 119] bridged
onto said station port [103] a message for causing said key set [105, 109, 115] to
disa_blc any voiceband transmission capabilities within said key set (105, 109, 119]
from said at least first pair [201].
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20. The apparatus as defined in claim 2 further CHARACTERIZED BY
means for generating and supplying [207] to said key set (105, 109, 119] bridged
onto said station port {103] a message for causing said key set [105, 109, 119] to
disable any voiceband receivers within said key set [105, 109, 119] from said at least
first pair {201].

21. The apparatus as defined in claim 2 CHARACTERIZED IN THAT
said means for receiving includes means for detecting a flow of an at least
predetermined amount of loop current [221] to said first conductor pair [201].

22. A method for use in operating a station port interface of a switching
system control unit adapted for controlling a plurality of remote station units over an
at leastene conductor pair, the method being CHARACTERIZED BY the steps of:

making a determination as to the operating mode of said station port;
supplying a first alerting signal for causing an at least one tip and ring
device to alert, said supplying of said first alerting signal being performed regardless of
whether a key set is also bridged onto said station port and supplying a second alerting

“signal for causing at least one key set to alert regardless of whether a tip and ring device

is also bridged onto said station port when said determination is that said station port is

-operating in a first mode; and .

" supplying a predetermined one of said first alerting signal and said
second alerting signal when said determination is that said station port is operating in
a second mode.

. 23. The method as defined in’ claim 22 wherein neither said first

'alemng signal nor said second alerting signal are supplied when said determination
is that said station port is operating in a third mode.

24. The method as defined in claim 22 further including the step of
‘setting said operating mode of said station port to said first mode or said second
mode in response to signals received from a user.

25. The method as defined in claim 22 further including the step of.
setting saxd opcratmg mode of said station port to said first mode or said second

mode in response to signals received from a user at one of either said tip and ring device
or said key set

26. The method as defined in claim 22 further including the step of _
setting said operating mode of said station port to said first mode, said second mode,
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or said third mode in response to signals received from a user.
27. The method as defi_ned in claim 22 further including the step of
setting said operating mode of said station port to said first mode, said second mode,

“or said third mode in response to signals received from a user at one of either said
tip and ring device or said key set.
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Control and Interface Apparatus for Telephone Systems
Abstract

Apparatus is disclosed for incorporation into a key telephone system
control unit, in at least one station port, for operating an at least one key type set and
an at least one tip and ring device simultaneously bridged onto the same station port
without the use of any special service circuits or adaptors. The ability to signal
alerting independently via ringing signal on a TR-pair, via messages indicating
alerting transmitted on a service pair for a key set or via both techniques
simultaneously is also disclosed. Further, the alerting ability disclosed in
combination with control by a key system controller of the access of a key set to
voiceband communications over the TR-pair allows for incorporation of additional
features~into a key telephone system. These features include the following: ring
specific applications relating to an external event; direct transfer of calls to the
transferor station port; calling other sets on the same station port; MEWPRIC
(Multiple Extension With Personal Ringing on Incoming Calls) operation, i.c., a
party line type of operation where the TR device and the key set sharing a single
station port of station ports 103 are assigned different endpoint addresses; prevention
of "barge in", i.e., bridging, by a key type set onto a call to a TR device; time
phasing of rings to allow for a coverage operation; and fax trouble detection.

FIGURE 1
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