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CONFERENCING ARRANGEMENT FOR USE IN A 
PCM SYSTEM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates generally to switching and 

transmission techniques in telephone communication 
systems, and more particularly to an improved switch 
ing technique for connecting several pulse code modu 
lated channels in a typical PCM system for conferenc 
ing. More particularly still, the invention relates to an 
improved switching and transmission technique for use 
in such a PCM system for reducing the common equip 
ment required for a speci?ed number of terminations, 
using a method and arrangement of channel allocation 
as compared to the usual dedicated channel arrange 
ment. 

2. Description of the Prior Art 
In general, in most prior art systems wherein analog 

conference circuits are provided, the analog signals of 
all participants are compared and then all signals to an 
individual participant with the exception of the signals 
generated by that individual himself are extended. A 
variety of schemes such as direct multiplexing, hybrid 
repeaters, transistorized analog circuitry, etc. have 
been utilized. Various solutions to the problems of 
cross talk, echo loss, impedance matching, sidetone, 
etc. have been disclosed. Some of the techniques em 
ployed are shown in US. Pat. Nos. 3,116,369; 
3,144,518; 3,170,042 and 3,301,962. None of the tech 
niques disclosed employ the digital approach and 
hence are of little signi?cance in the ?eld of pulse code 
modulated telephony. A conference circuit for a time 
division multiplex telephone communication system is 
disclosed in US. Pat. No. 3,551,600. In this disclosure, 
digital techniques are employed. However, the time 
division signals are still in analog form and after being 
acted upon by the conference circuit, they must be 
reconverted from digital to analog form. 

In US. Pat. No. 3,699,264, there is disclosed an 
algorithm for providing digital pulse code modulated 
conferences. In the disclosed system, during every time 
frame, an active speaker sample is sought. The active 
speaker is identi?ed by comparing each participant’s 
digital sample during the following time frame. The 
active speaker sample is transmitted to all participants 
in the conferencing arrangement. A last speaker sam 
ple is transmitted to the active speaker. With this ap 
proach, a three-way conferencing per circuit is possible 
in its digital form. 
While the arrangement disclosed in this US. Pat. No. 

3,699,264 has found application in various systems, in 
existing commercial PABX systems having a large 
number of trunks, a very large number of three-way 
conferencing circuits would be required. Accordingly, 
it would be desirable to provide in such systems, a 
three-way conferencing facility through the switching 
network. As indicated above, one aspect of the present 
invention relates to such a switching technique for 
connecting several pulse code modulated channels for 
conferencing. 

Presently known all-time pulse code modulated sys 
tems generally are arranged with the transmit side of 
each inlet appearing in a fixed position on one side of 
the switching network, and with the receive side of 
each inlet appearing in a ?xed position on the other 
side thereof. The operation is such that all information 
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2 
entering from the input pulse code modulated (PCM) 
bus is stored and made available at the output under 
the control of a control memory which contains infor 
mation regarding all network connections. 
More particularly, in such systems, in a normal oper 

ation, each channel arriving on the input bus is written 
cyclically into a ?xed location in an information mem 
ory. At this time, the control memory word corre 
sponding to that channel is read for addressing the 
information memory. The content of the information 
memory at this address (which represents a PCM sam 
ple from the channel engaged in a conversation with 
the other channel) is read out. The same operation of 
writing the information memory, reading the control 
memory for the information memory address, and 
reading the information memory is performed during 
the other channels time slot. In any given channel loca 
tion, the control memory contains the address of the 
channel to which it is to be connected. Such all-time 
PCM systems do not have the ability to provide a dou 
ble connection for conferencing. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, conferenc 
ing can be provided in such a PCM system by providing 
two additional circuits, namely, a second control mem 
ory and a comparison logic circuit. With the addition of 
these two circuits, the operation is such that two words 
corresponding to two channels are read from the infor 
mation memory every time slot, and after proper com 
parison, the largest sample is transmitted to the third 
channel. In other words, assuming, for example, that 
channels 3, 5 and 9 are engaged in a three-way confer 
ence, during the channel 3 time slot, the samples from 
channel 5 and channel 9 are read and compared, and 
the larger of the two samples is transmitted to channel 
3. Subsequently, during the channel 5 time slot, the 
samples from channel 3 and channel 9 are read and 
compared, and the larger of the two samples is trans 
mitted. During the channel 9 time slot, the operation is 
repeated, with the largest of the channel 3 and 5 sam 
ples being transmitted. It can be seen that during each 
channel time slot, the incoming information is written 
into the ?xed channel number in the information mem 
ory and the outgoing information is read from some 
other channel speci?ed in the control memory. This 
operation of writing and reading the information mem 
ory goes on continuously during each channel. The 
next time frame, new PCM samples are written into the 
information memory. 
With this arrangement and technique, several advan 

tages result, including the fact that it provides three 
way calling facility with a minimum of hardware and 
provides three-way calling ability per port. Also, since 
the four-wire PCM network has the ability to switch 
transmit and receive ports separately, three-way calling 
in any desired direction is possible. In other words, it is 
possible to provide a call waiting tone to just one of the 
subscribers in a normal conversation. The same ability 
is also provided for consultation. The comparison and 
other signal processing is performed on line. Maximum 
advantage is taken of the existing information memory 
and other addressing circuits, and only one additional 
control memory and comparison logic is required to 
perform the conferencing function. The addition of 
three-way calling ability does not disturb normal net 
work connection, and the arrangement furthermore is 
expandable along with the network. In view of the 
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centralized three-way calling ability, a single source 
such as a call waiting tone can be connected for all 
possible double connections. The system is all digital, 
using only digital circuits, and further can be used with 
the D2 encoding format with logarithmic characteris 
tics. Since it is digital, the problems related to loading, 
impedance matching, etc. are irrelevant. 
The above generally described PCM system provides 

non-blocking switching, with a channel per each termi 
nal equipment being provided. In other words, it is a 
dedicated channel arrangement. In many applications 
such as, for example, with a small EPABX where less 
than 10 cos of traffic is common, an improvement in 
the switching concept can be provided in the form of 
smaller system costs and size (physical) at the same 
transmission levels but at the expense of ?exibility. The 
reduction in ?exibility is a result of making the system 
blocking to an extent, however, in systems such as a 
small EPABX, no real ?exibility is lost since-no real 
requirement for anon-blocking system exists. 

In accordance with the present invention, such a 
system can be provided by using a method and arrange 
ment which is a condensation of the required channels 
provided to time division switching by distribution of 
the channels instead of the usual dedicated channel 
method. In this system, a channel memory is created 
and provided to provide for control of which terminal 
equipments are allotted which channels (on a'per call 
basis). In the hereinafter disclosed system, the channel 
memory has 96 locations and each location stores the 
associated equipment which has been allocated that 
channel. The control of the channel memory (data 
update) is performed by a call processor unit (CPU) 
when connections are established or removed. The 
memory, however, also constantly is cyclically read and 
the associated equipment is given a channel transmit 
and receive pulse as long as its identity is storedin the 
memory. The distribution of these pulses is actually a 
decode of the memoryread out, with the latter being 
stored external to the memory for a speci?ed time. 
Each equipment decodes this data to see if it corre 
sponds to its identity. If it does, that equipment is en 
abled as long as the storage contains its identity. _ 
Accordingly, it is an object of the present invention 

to provide an improved switching technique for con 
necting several pulse code modulated channels in a 
typical PCM system for conferencing. , 
More particularly, another object is to provide an 

improved switching and transmission technique for use 
in such a PCM system for reducing the common equip 
ment required for a speci?ed number of terminations 
using a method and arrangement of channel allocation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram schematic of a telephone 
communication system employing an ‘improved switch 
ing technique for connecting several pulse code modu 
lated channels in a typical PCM systemfor conferenc 
ing, in accordance with a'?rst embodiment of the in 
vention; , 

FIGS. 2 and 3 are block diagram schematic and an 
expanded block diagram schematic, respectively, of a 
PCM system employing an improved switching and 
transmission technique exemplary of a second embodi 
ment of the invention, for reducing the common equip 
ment required for a specified number of terminations, 
by using a method and arrangement of channel alloca 
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4 
tion as compared to the usual dedicated channel ar 
rangement; 
FIG. 4 illustrates the clock used in the system of 

FIGS. 2 and 3; 
FIG. 5' illustrates the control logic and the strobe 

pulse generator of the system of FIGS. 2 and 3; 
FIGS. 6, 7_ and 8, when assembled as illustrated in 

FIG. 20 illustrate the information memory, the steering 
gate for accessing it, the speaker latches at its output, 
the. comparator and the force null logic for receiving 
and sending PCM to the peripheral equipment, of the 
system of FIGS. 2 and 3; 
FIGS. 9 and 10, when assembled as illustrated in FIG. 

21, illustrate the control memories, the steering gate 
for accessing them, and the steering gate for outputting 
data from the respective ones of the control memories, 
of the system of FIGS. 2 and 3; 
FIG. 11 illustrates the channel memory, the steering 

gate for accessing it, and the channel identity latches at 
its output, of the system of FIGS. 2 and 3; 
FIGS. 12 and 13, when assembled as shown in FIG. 

22, illustrate the CPU control circuit, the CPU low 
address circuit, the CPU data storage circuit, and CPU 
data read back circuit, of the system of FIGS. 2 and 3; 
FIG. 14 illustrates a typical line circuit in the system 

of FIGS. 2 and 3; 
7 FIG. 15 illustrates a typical line termination in the 
system of FIGS. 2 and 3; 
FIGS. 16 A-l6C and 17 are pulse timing charts illus 

trating various clock and timing pulses of the system of 
FIGS. 2 and 3; 
FIGS. 18 and 19 illustrate the manner in which the 

channel memory and the control memories are viewed 
as one large memory for accessing, in the system of 
FIGS. 2 and 3; and 
FIGS. 20-22 illustrate how the various indicated 

?gures are assembled. 

GENERAL DESCRIPTION 

Referring now to the drawings, in FIG. 1 there is 
illustrated a stored program digital PCM-EPABX sys 
tem which can be divided into four main blocks, 
namely, a PCM interface, a PCM network, a number of 
miscellaneous circuits, and a control complex. The 
PCM interface consists of the line and trunk interfaces, 
the analog to digital (A/D) and digital to analog (D/A) 
converters and their associated multiplexers, and pro 
vides analog to PCM and PCM to analog conversions 
and the necessary time division multiplexing. The all 
time non-blocking PCM network, with full availability, 
consists of an information memory, a clock, two con 
trol memories and a comparison circuit, and switches 
(in time) the coded information received from the 
PCM interface. The miscellaneous circuits, for pur 
poses of clarity are not shown, but include all of the 
required service circuits, such as tone generators, tone 
receivers, conference circuits and circuitry for turret 
control. The control complex consists of the micro 
processor or central, processor unit (CPU) and the 
instruction and process stores. The CPU has direct 
‘access to the lines, trucks and miscellaneous circuits 
for scanning and control; and to the PCM network for 
establishing the connections. 
Theanalog information from a subscriber is ampli 

fled, and sampled (at 8 KHZ) at the line interface. The 
sampled information from 24 line and trunk interface 
circuits is combined together to form a 24 channel 
PAM (pulse amplitude modulated) bus. An analog to 




























