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[57] ABSTRACT 
A computer controlled telephone answering system to 
serve a large number of subscribers over a vast geo 
graphic area, utilizing a plurality of remote site trunk 
concentrators adjacent to each telephone company 
central office to reduce the number of trunk lines re 
quired to service subscribers. A central site of this an 
swering system, serving as a facility to answer calls 
relayed through the remote sites, also includes a trunk 
concentrator to further reduce the number of trunk 
lines to operator positions. A computer at the central 
site controls the entire system, determines switching 
paths from a subscriber line through the concentrator, 
to an operator, furnishes answering information to oper 
ators and stores instructions for answering incoming 
messages. The logic of the system permits any operator 
to answer any incoming telephone call on any sub 
scriber line in the system promptly, economically and 
correctly. 

15 Claim, 14 Drawing Figures 
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COMPUTER CONTROLLED TELEPHONE 
ANSWERING SYSTEM 

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

This application is a continuation in part of prior 
application Ser. No. 392,634 ?led on Aug. 29, 1973, now 
abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention pertains to a computer controlled 

telephone answering system and more particularly to a 
computer controlled telephone answering system cov 
ering a wide geographic area based on a plurality of 
remote site and central site trunk concentors which 
minimize and optimize the number of trunk lines re 
quired in the operation of a telephone answering ser 
vice. The trunk concentrator includes analog, single 
wire switching system using analog switches in matrix 
form which enable the telephone answering system, 
under computer control, to determine a free path from 
the input side of each sequential analog switching ma 
trix to the output side and eventually to a computer 
terminal of the operator who will answer the call. The 
system includes: remote site concentrators and central 
site concentrators, which reduce the number of trunk 
lines necessary to connect subscriber telephones to a 
central site answering service office; a special purpose 
digital logic for switching control, command verifica 
tion, ring detection and data communications to and 
from the central answering service office; a central 
computer for control of the system and storage of sub 
scriber data and messages; and an operator console 
including a computer terminal and display for operator 
answering of individual calls processed by the system. 

2. Description of the Prior Art: 
Telephone answering systems are well known in the 

prior art and need not be described speci?cally here. 
The prior art also discloses a number of switching 

systems for minimizing the number of trunk lines re 
quired between a telephone company central office and 
the switchboard of a telephone answering service. US. 
Pat. No. 3,002,054, as an example, discloses a trunk 
concentrator for telephone answering service for instal 
lation and operation in a telephone company central 
office which enables a reduction in the number of trunks 
required to connect each subscriber line to a remote 
telephone answering service. It is uncertain, however, 
what level of reduction occurs within such a system and 
whether the concentrator can be economically utilized 
in large scale answering systems covering a wide geo 
graphic region and numerous telephone company cen 
tral offices. It also appears that this system requires a 
conventional switchboard and conventional operator 
positions, a limitation not necessitated in the system of 
the present invention. 
The system of the present invention is based upon a 

number of statistical factors observed in the study of a 
telephone answering system. A telephone answering 
service has a relatively large number of subscribers 
whose telephone lines are connected to the answering 
service lines at a telephone company central office. For 
every 512 subscriber lines so connected, only a small 
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2 
percentage will be in use at any one time. For every 512 
subscriber lines served by a telephone answering ser 
vice, statistics indicate that only eight of said lines are 
active at peak times, and as few as none to two are 
active in non-peak times. However, in a conventional 
system, there must be positions on an answering service 
switchboard for all 512 lines. An answering service 
operator normally has a switchboard servicing 100 sub 
scriber lines. With some effort, an operator can reach to 
the boards at either side of her position to cover another 
100 or 200 lines, if she is not busy. Present telephone 
answering systems, however, provide no way to direct 
an incoming call on a given subscriber line to any opera 
tor position which is not busy. These calls must be 
directed to the operator position on the speci?c switch 
board to which the subscriber‘s line is connected, re 
gardless of the current workload of the operator. This 
results in a considerable lack of ?exibility and unneces 
sary operating costs for a telephone answering service. 
The system of the present invention is designed to 

minimize the number of trunks required to service the 
subscriber of a telephone answering service through the 
use of at least two trunk concentrators which are under 
the operational control of a computer. A ?rst type of 
trunk concentrator, of which there may be more than 
one, is located at a remote site, perferably adjacent to a 
telephone company central office serving individual 
subscribers. For each 512 subscriber lines coming into 
each remote site from a single telephone company cen 
tral office, there is a analog switching matrix which will 
switch any one of the 512 incoming lines to any one of 
eight outgoing trunks which transmit signals to the 
answering service central site. Each remote site also has 
a special purpose digital control unit to control and 
verify the operation of the analog switching matrices, a 
digital memory to hold temporarily command messages 
for forwarding to the central site of the answering ser 
vice, and a digital logic for ring detection, switch con 
trol and message veri?cation. 
Each remote site of the answering service is con 

nected to a central site at which the calls are actually 
answered by operators. For every 128 trunks reaching 
the central site, there are up to sixty-four operator posi 
tions, each of which is able to answer any one of the 128 
trunks coming into the central site. To accomplish this, 
a central site concentrator is utilized which is a 128 by 
64 analog switching matrix under the control of a cen 
tral site computer. Each operator position is basically a 
computer input-output terminal with a keyboard, a 
cathode ray tube (CRT) display, and a memory and 
control unit. The central site computer, in addition to a 
control program for the entire system, also contains 
within its memory the pertinent information required by 
an operator to answer each incoming call. As the com 
puter recognizes a call to be answered, it determines by 
the table look-up, which operator position if free to 
answer the call and sends the pertinent answering infor 
mation to the operator terminal to which it will direct 
the call. After the operator receives the call and takes 
the caller's message, the operator will key the incoming 
message into the computer where it will be stored until 
subscriber calls for his messages. In this fashion, the 
system of the present invention minimizes the chance of 
operator error in answering calls, in taking messages, 
and in giving messages to the subscriber. It also maxi 
mizes the use of operator labor by providing a computer 
based retrival system rather than a manual retrival sys 
tem. 
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The present embodiment of the system, as described 
herein, accomodates up to 1,024 subscriber lines at each 
remote site, which lines are concentrated to 16 trunk 
lines going to the central site. Each central site can 
handle, in a typical embodiment, 128 trunk lines from 
various remote sites; thus eight remote sites serving a 
total of 8,192 subscriber lines, as illustrated in the draw 
ings; any one of which subscriber lines can be answered 
at any operator terminal. The ?exibility of this system is 
impossible to achieve in any other telephone answering 
system. 

SUMMARY OF THE INVENTION 

This invention pertains to a computer controlled 
telephone answering system which, through the use of 
a plurality of trunk concentrators, is able to service a 
large number of subscribers over a wide geographic 
area, while minimizing the number of trunk lines and 
operators to service these subscribers. The system in 
cludes remote sites preferably located adjacent to tele 
phone company central of?ces, and a central site having 
a computer based control system with terminals for 
operators who answer calls. 
Each remote site serves as an entry point for the 

subscriber lines from a nearby telephone company cen 
tral of?ce. At the remote sites these subscriber lines 
enter through a standard telephone company device 
access arrangement. The output from this equipment 
then is wired to an analog switching matrix or a remote 
trunk concentrator. Each remote site concentrator is 
capable of concentrating 5l2 incoming subscriber lines 
down to a maximum eight outgoing trunk lines to a 
central answering service site. The remote site also 
contains the digital control, memory and transmission 
equipment necessary to operate its trunk concentrator, 
to determine which lines should be answered and to 
service the connection of subscriber lines to outgoing 
trunks to the central site. When a subscriber line is to be 
answered under computer control, a path through its 
analog switching matrix is determined, the signal is 
transmitted by an active line which exists from the the 
central site. 
The central site serves as the actual answering loca 

tion in the system. It receives incoming calls from the 
remote sites and, by means of a second trunk concentra 
tor, switches an incoming call on any one of the 128 
trunk lines, to any available operator position of the 64 
provided in the central site under computer control. 
The computer at the central site also stores the relevant 
information required by operators to answer each call. 
Each operator at the central site is equipped with a 
computer terminal having a keyboard entry system and 
a cathode ray tube visual display. When the computer 
determines a free path from a ringing line through the 
remote site concentrator and the central site concentra 
tor an operator position, it directs the control logic of 
each concentrator to make the necessary connections 
and forwards to the operator's display all the informa 
tion which is operator requires to answer the call. While 
answering the call the operator keys in the incoming 
message and veri?es it on her display. After completion 
of the call, the operator forwards the incoming message 
from her terminal to the central computer and is free to 
receive another call. The flexibility of the system of the 
present invention is such that, in a typical installation, 
any one of 8,192 subscribes lines can be answered by 
any one of 64 operators with each call being answered 
correctly and unhurriedly. 
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4 
The flexibility of the present system is due to large 

part to the trunk concentrators. The remote site concen 
trators utilize 512 bidirectional eight-to-one analog 
switches, each of which will allow any one of eight 
signals to pass through it in either direction. A three 
level digital code is used to select the signal. Sixty-four 
analog switches are connected to select any one signal 
from 512 possible signals. Eight such 5l2-to-one matri 
ces are put together to form a 5l2-to-8 matrix for the 
remote site concentrators. More than one such matrix 
may be used at any one site. An available free path 
through the matrix is determined under computer con 
trol. The trunk concentrator permits the number of 
trunks going to the central site to be reduced from 512 
to eight or less from each remote site. An incoming call 
on any one of the 512 lines into a remote site concentra 
tor can be forwarded to the central site through any one 
of the non-active trunks, which need not be more than 
eight. 

Another trunk concentrator is located at the central 
site. In a typical con?guration, each central site concen 
trator has 128 trunks coming in from remote sites. In 
some cases a small portion of these 128 trunk will be 
used for outgoing calls. The central site concentrator 
directs each incoming call on any one of the 128 trunks 
to any one of 64 operator positions which may be free to 
answer the call. Thus the central site concentrator has 
an analog switching matrix of 128 by 64. Basically it 
utilizes the same eight-to-one bidirectional analog 
switch, arrayed differently. Sixteen eight-to-one 
switches form a l28-to-l switch. Sixty-four of these 
l28-to-l sections are put together to form a l28-to-64 
analog switch. 
The flexibility and economic feasibility of the system 

of the present invention is further enhanced by the use 
of single wire switching in the analog matrices of the 
concentrators. Each incoming subscriber line has two 
wires. In the concentrators, one of these wires is con 
nected to a common ground. The other wire is con 
nected to one of the eight-to-one bidirectional analog 
switches, and serves to carry the audio signals. The use 
of this signal wire switching reduces the number of 
switches required in the system by one-half. 

In sum, the computer controlled telephone answering 
system of the present invention permits in the preferred 
embodiment any one of 8,192 subscriber lines coming 
from a plurality of telephone company offices to be 
answered correctly and promptly by any one of up to 64 
operators at a central answering service location. 
The telephone answering system of the present inven 

tion has other applications besides the traditional tele 
phone answering service. For example, it may be used 
as a private branch exchange serving a large office or 
company, through its concentrators, and the answering 
service need not be physically located in the office it 
serves. It may also be used as a telephone order system 
for mass merchandising company receiving incoming 
orders from a vast georgraphic area at one central loca 
tion. 

It is, therefore, the principal object of this invention 
to provide an improved telephone system for use by 
telephone answering services or others who receive a 
large volume of incoming calls. 

It is a further object of this invention to provide an 
improved trunk concentrator analog switching system 
for use with a telephone answering system. 

It is a further object of this invention to provide a 
new and improved trunk concentrator analog switching 
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system for minimizing the number of trunk lines re 
quired to answer a ?nite number of subscriber tele 
phones, thereby reducing the trunk costs of a telephone 
answering service. 

It is a further object of this invention to provide a 
telephone answering system which enables any incom 
ing call to appear at any operator position and be an 
swered correctly and promptly. 

It is still a further object of this invention to provide 
a computer controlled telephone answering system in 
which connections between an incoming call and the 
answering operator are achieved by means of a com 
puter controlled analog switching system. 

It is yet another object of this invention to provide a 
telephone answering system in which the information 
required to answer an incoming call to a subscriber is 
stored in a computer and delivered to the operator who 
is assigned to answer the call, and in which the incom 
ing message taken by the operator is inputted and stored 
in the computer until called for by the subscriber. 

Further objects, features and advantages of the pres 
ent invention will become readily apparent from read 
ing the accompanying detailed speci?cation which will 
be written with reference to examples of embodiments 
shown in the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic illustration in block diagram 
form of a preferred embodiment of the computer con 
trolled telephone answering system of the present in 
vention illustrating the interrelationship of its major 
subsystems. 

FIG. 2 is a block diagram illustrating the physical 
equipment at a remote site of the computer controlled 
telephone answering system of FIG. I and the interrela— 
tionship of the major component units of this equip 
ment.’ 
FIG. 3 is a block diagram illustrating the system 

trunk connections between a remote site and the central 
site of the system of FIG. 1. 
FIG. 4 is a functional block diagram illustrating the 

communication links between the operator positions 
and the other subsystems of the system of FIG. 1. 
FIG. 5 is a functional block diagram illustrating the 

system control units at the remote and the central sites 
in the system of FIG. 1. 
FIGS. 6 and 7 are block diagrams of the central site 

computer system of FIG. 1 and the interfaces to the 
operator terminal units. 
FIG. 8 is a functional block diagram of the central site 

concentrator of the system of FIG. 1. 
FIG. 9 is a schematic illustration of the analog switch 

as utilized in the remote site concentrator of the system 
of FIG. 1. 
FIG. 10 is a schematic drawing of the control circuit 

on a line control card serving 32 subscriber lines enter 
ing the remote concentrator of FIG. 1. 
FIG. 11 is a schematic drawing of the ring multi 

plexer on the control card of FIG. 10. 
FIG. 12 is a schematic illustration of a line control 

card illustrating the input of one subscriber line to the 
8-to-l bidirectional analog switch as it appears on a line 
card in the remote concentrator, illustrated in FIG. 10. 

FIG. 13 is a block diagram of the remote site control 
unit and memory. 
FIG. 14 is a block diagram of the central site control 

unit. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring now to the drawings, and in particular to 
FIG. 1, wherein like reference numerals refer to like 
components, the computer controlled telephone an 
swering system of the present invention, designated 
generally by reference numeral 20, is illustrated dia 
grammatically in a preferred embodiment. The inven 
tion described herein is more particularly concerned 
with the analog switching and control systems required 
to handle incoming calls delivered to a telephone an 
swering service over telephone company lines through 
standard telephone company equipment. 

All telephones are connected through switching cir 
cuits in one or more telephone company central offices. 
Subscribers to a telephone answering service and con 
nected to the answering service by the extension of a 
pair of wires from the subscriber’s position on the tele 
phone of?ce frame to a device access arrangement pro 
vided by the telephone company at the location of the 
answering service. In the present state of the art, a tele 
phone answering service usually serves only one or 
more collocated or geographically proximate telephone 
company central offices to be economically feasible and 
avoid the high cost of trunk lines. The telephone an 
swering system 20 of the present invention overcomes 
this economic limitation through the means described 
hereinafter. 
As illustrated in FIG. 1, the system 20 serves tele 

phone answering service subscribers 22 whose tele 
phone lines 24 are connected normally to a telephone 
company central office 26. When a subscriber 22 desires 
to be connected to a conventional telephone answering 
service, a second pair of wires is connected from the 
telephone company central office to the office of the 
answering service. Depending on applicable tariffs, 
which vary from community to community, the sub 
scriber may be liable for a mileage charge for a trunk 
line to the answering service. System 20, to minimize 
such possible trunk line costs, includes one or more 
remote site units 28, each of which is located in near 
proximity to a telephone company central office 26. 
Each subscriber 22 is connected to a remote site unit 28 
through a trunk line 30, running from the central office 
26 to the remote site unit 28. In the preferred embodi 
ment, illustrated in the drawings, 1,024 subscribers 22 
are connected to each remote site unit 28 by separate 
trunk lines 30. Within each remote site unit there is a 
control unit and an analog switching matrix or trunk 
concentrator in which these 1,024 trunk lines 30 are 
concentrated by the remote site concentrator 32, as 
hereinafter described, down to 16 or less trunk lines 34 
which lead to a telephone answering service central site 
36. 

In the preferred embodiment illustrated in the draw 
ings, the central site 36 serves remote site units 28: 
Hence, 128 trunk lines 34 enter the central site, where 
they are then concentrated by a central site concentra 
tor and control unit 38, as hereinafter described, to 64 
trunk lines 40 linked to operator position 42 under the 
control of a central site computer 44. Central site com 
puter, in the preferred embodiment, is model SPC 
16/65, manufactured by General Automation, Ana 
heim, Calif. Central site computer 44 serves to control 
system 20 by determining analog switching paths 
through the analog switching matrices of the remote 
site concentrators 32 and through the central site con 
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centrator 38 to operator position 42, while supplying 
from its memory answering information to operator 
positions 42 and storing messages accepted at operator 
positions 42 for later delivery to subscribers 22. The 
individual units, subsystem and operation of computer 
controlled telephone answering system 20 will be dis 
closed in detail in the succeeding sections of this specifi 
cations. 

Referring now to FIG. 2, wherein there is illustrated 
a block diagram of physical equipment located in a 
remote site unit 28 of telephone answering system 20, 
the subscriber lines 30 enter the remote site unit 28 
through a standard telephone company device access 
arrangement equipment 46, such as a CD-6 (Bell Sys 
tem) voice connection or equivalent. All wires 48 
through 58 are connected to terminals located within 
the remote sites unit 28 as described hereinafter. The 
remote site unit 28 includes, in the embodiment illus 
trated in the drawings, a remote site concentrator and 
control unit 32 consisting of two analog switching ma 
trices 60, 62, each of which can accept up to 512 sub 
scriber lines 30 and concentrate the same to a maximum 
of eight outgoing trunk lines 34, in such. a way that any 
one of the 512 subscriber lines 30 may be switched into 
any one of the eight outgoing trunks 34 to the central 
site 36. The remote site unit 28 includes a remote site 
digital control and memory unit 64. which stores and 
retrieves digital messages pertaining to switch control, 
command vertication and ring detection, connected to 
the analog matrices by a buss switch 66. The remote site 
digital control and memory unit 64 is further illustrated 
in FIG. 13. The remote site unit 28 also includes com 
munication logic 68 to control digital data transfer to 
and frotn the central site computer 44 through a com 
mercially available VADAC 3400 data set 70 over a 
dedicated trunk line 72. All the digital control, memory 
and communication units in the remote site 28 are dupli 
cated by secondary systems 64a through 72a in the 
event of failure of the primary system. The back-up 
trunk line 72a is an automatic dial line which is switched 
in automatically upon detection of a failure in the pri 
mary system. The sixteen outgoing trunk lines 34 from 
analog switching matrices 60, 62 go directly to the 
central site concentrator and control unit 38. The equip 
ment in a remote site unit 28 can fit into two standard 
cabinets of about 45 cubic feet each and requires no 
personnel for its operation. Hence the remote site unit 
28 can be conveniently located physically adjacent to a 
telephone company central office 26, and through its 
5l2-to-8 reduction in trunk lines, it can significantly 
reduce the cost of connecting subscriber lines 24 to an 
answering service central site 36 All equipment shown 
in FIG. 2 under the general reference numeral 32 was 
speci?cally designed and built for system 20, with the 
exception of the Vadac sets 70. 

FIG. 3 illustrates in block diagram form the tele 
phone line connections within both the remote suit unit 
28 and the central site 36. 

FIG. 4 illustrates the communication interfaces of 
system 20 in a functional block diagram. System 20 is 
basically under the control of a central site computer 44 
located at the central site 36. Digital control messages 
are sent to the remote site concentrator and control unit 
32 through communications logic 68 over dedicated 
trunk lines 72. Remote site concentrators 60, 62 each 
have up to sixteen trunks 34 delivering telephone calls 
to the central site concentrator and control unit 38, 
which contains a l28-to-64 analog switching matrix 
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which functions electronically in a similar fashion to the 
analog switching matrices 60, 62. After the control unit 
64 (illustrated functionally in FIGS. 2, 3, and 13) of the 
remote site unit 32 has determined that a subscriber line 
30 is ringing and has rung the number of times stored in 
the remote site control and memory, the remote site unit 
64 sends a digital message to the central site computer 
44 to that effect. The computer 44, by a table look-up, 
determines a free path through one of the remote site 
analog switching matrices 60, 62 of a remote site con 
centrator 32, to a trunk line 34 to a central site concen» 
trator 38 and through central site concentrator 38 to a 
trunk line 40 from central site concentrator 38 to an 
available operator position 42. After the central site 
computer 44 determines such paths, it issues digital data 
messages to the remote site control unit 64, via control 
line 72, and the central site concentrator 38, via control 
line 76, to set switches to enable the ringing subscriber 
line 30 to be switched to an available operator position 
42. These control messages from the central computer 
44 to the remote control unit 64 and to the central site 
concentrator control unit 104 are sent over the digital 
data lines 72 and 76 respectively (FIG, 5). At the same 
time the central site computer 44 notifies the operator 
position 42, via control line 74, which is to receive the 
incoming call that the call will be switched to that par 
ticular position, and furthermore the central site com 
puter 44 will send to the operator position 42, for its 
memory, identifying information such as the subscrib 
er’s name, telephone number, i.e., what line is to be 
answered, and answering instructions. This information 
is forwarded digitally to the operator position 42 over a 
control line to a controller 114 (illustrated in FIG. 7) 
and then to the operator position 42 for display on cath 
ode ray tube visual display 112 (FIG. 1). When the 
operator is ready to answer the call, the operator signals 
the central site computer 44 by a function key on her 
keyboard 7110. Upon receipt of this digital message, the 
computer sends a switching command to the remote 
concentrator and control unit 32 through the remote 
site control unit 64. The connection through to the 
operator is made and the operator answers the call. As 
the operator receives from the caller incoming informa 
tion to be retained and later forwarded to the sub 
scriber, she keys this information into the controller 114 
following a format on the cathode ray display tube 112. 
The keyed-in information also appears on the cathode 
ray tube display 112 for visual review and correction by 
the operator. After the call is completed and the opera~ 
tor has verified the message, she signals the central site 
computer 44 and controller 114 to receive and send the 
message, respectively. The computer 44, on a time 
available basis, asks the controller 114 for the message. 
The operator, meanwhile, is available to receive an 
other call. 
FlG. 5 illustrates in block diagram form the func 

tional logic in the remote site unit 28 and central site 36. 
The remote site unit 28, in this embodiment, includes 
subscriber lines 30 entering the analog switching matri 
ces 6t), 62 of the remote site concentrator 32 on line 
control cards 90 (illustrated in detail in FIGS. 11, 12 and 
13). The line address decoder 92 is also on these cards. 
Trunk lines 34 to the central site concentrator 38 exit 
front line control cards 90. The remote site control logic 
64, 68 includes a timing set 94, a line interface 96, a 
buffer memory 98 and a concentrator address decoder 
100. A data set 70 serves as a communication link be 
tween the remote site unit 28 and the central site 36. 
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FIG. 13 illustrates in block diagram the interrelations 
among the functions of remote site control unit 64. 
The central site unit 38 is contained in three func 

tional units. The central site concentrator and control 
unit 38, including control logic 102 and analog switch 
ing matrix 104, functions in a manner similar to the 
remote site unit 28 insofar as its control logic 102 and its 
analog switching matrix 104 is concerned. The central 
site computer 44 has its own logic. The central site 
communications center 106 controls all the data trans 
fers within the system. Communications center 106 is 
basically a model DMA multiplexer available from 
General Automation for use with its model SPC-16/ 65 
computer. All equipment shown in FIG. 5 under the 
general reference numeral 38 was speci?cally designed 
and built for system 20. 

FIG. 6 illustrates the con?guration of the central site 
computer 44, which as stated previously is a model 
SPC-l6/65 made by General Automation, Anaheim, 
Calif, and its major component parts and relationships 
thereto as further described in con?guration with 
FIGS. 7 and 8. The principal feature of computer 44 is 
the vast memory capacity for storing the subscriber 
information required to be sent to the operator positions 
42 so that any operator can answer any call. Addition 
ally, the computer 44 must store all incoming messages 
for subscribers taken by the operators until they are‘ 
called for by the subscribers. 
FIG. 7 illustrates in block diagram form the relation 

ship of the operator positions 42 to the central computer 
44. Operator positions 42 are interfaced through multi 
plexer 108, four to a channel. Each operator position 42 
contains a keyboard 110, a cathode ray tube visual dis 
play 112 and a telephone head set. Each group of four 
operator positions is served by one or more controller 
units 114 which refresh the cathode ray tube visual 
display screens 112 and serve as buffer memory. Each 
controller 114 is connected directly to the multiplexer 
108. Multiplexer 108 is the DMA model commercially 
available from General Automation and designed to 
operate with the SPC-16/65. Computer 44 also avail 
able from General Automation. The disk memory units 
101 illustrated in FIG. 6 are the Caelus model 303 units. 
The card reader 103 is the model M200 of Documenta 
tion. The line printer 105 is the model 2100 of Talley 
Industries. The keyboards 110 and controllers 114 are 
the model MRD 780 made by Applied Digital Data 
Systems. 
FIG. 8 illustrates in detail the functional con?gura 

tion of the central site concentrator and control unit 38. 
Central site concentrator and control unit 38 includes an 
analog switching matrix 104 which, in the embodiment 
illustrated in the drawings, is a 128-by-64 matrix. Matrix 
104 further concentrates the 128 trunk lines 34 from the 
remote site concentrator 32 to a maximum of 64 lines 40 
to the operator position 42. The number of operator 
positions 42 and the lines 40 to operator positions can 
vary according to the volume of calls received into 
system 20. Some lines 41 exiting from switching matrix 
104 can be used for trace calls, the number varying 
according to the volume of such calls. The control logic 
102 for central site concentrator and control unit 38 is 
similar to that for the remote site unit 28 except for the 
ring detection logic which is not in the central site con 
trol logic 102, as illustrated in FIG. 14. Central site 
control logic 102 has a buss switch 103 and is connected 
to computer 44 over data line 76. It also has a back-up 
logic 102a, 106a and a back-up dial line 76a. Since the 
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central site 36 is manned by human operators, some 
con?gurations may reserve up to sixteen of the trunk 
lines 34, at least one per remote concentrator 32, for 
outgoing calls originated by the operators, said trunks 
hereinafter referred to by the reference numeral 116. 
Lines 116 would have automatic dial feature and would 
exit from the central site concentrator 38 through stan 
dard telephone company CD-7 equipment or equiva 
lent. 

‘ FIG. 9 illustrates the use of an eight-to-one bidirec 
tional switch 120 in the analog switching matrices 60 
and 62 of the remote site concentrator 32 and of the 
central site concentrator 38. Analog switch 120 is a 
commercially available AM3705 eight-channel MOS 
analog switch. Each analog matrix 60, 62 is a 500 
twelve-to-eight bidirectional analog switch built from 
512 individual analog switches 120. Each eight-to-one 
analog switch 120 will allow any one of eight signals to 
pass through it in either direction. The signal is selected 
by a three bit digital code. Each switch 120 also has an 
enable pin which permits the utilization of a large num 
ber of such switches 120 to form the analog matrices 60, 
62 of the remote concentrator 32 and the analog matrix 
104 of the central site concentrator 38. FIG. 9 illustrates 
in a fragmentary view how 64 of said analog switches 
120 are connected to select any one signal from 512 
lines. Also illustrated in FIG. 9 is the use of eight of 
these 500 twelve-to-one sections to form each 500 
twelve-to-eight analog switching matrix 60, 62 in the 
remote site concentrator 32. 
The analog matrix 104 of central site concentrator 38 

can switch any one of l28 lines 34 into any one of 64 
lines 40 to the operator position 42 (FIG. 8). It uses the 
same analog switching technique and analog switches 
120 as the remote site concentrator 32 but is arrayed to 
form its 128-to-64 matrix. Each section will have 128 
eight-to-one analog switches 120 forming a 128-to-8 
switch. Eight such sections are required, thus utilizing 
L024 switches 120 in the complete matrix 104. 
FIGS. 10, 11 and 12 illustrate one of the remote line 

cards 90 used in the remote site concentrators. Each 
remote line card 90 has two primary functions. These 
are: 

a. to provide ring detection capabilities for monitor 
ing the presence of incoming calls on each sub 
scriber line 30; and 

b. to provide the matrix address decoding necessary 
for accessing any of the 512 AM3705 analog multi 
plexers 120 illustrated in FIG. 9. 

The later function of the remote line card 90 there 
fore allows the central site computer 44 to switch any 
one of the 512 incoming subscriber lines 30 to any one of 
the eight outgoing trunks via the remote line control 
card 90. 
As illustrated in FIGS. 10, 11 and 12, the concentra 

tor 32, 38 operate on the principle of a single wire 
switching. All the ring wires 50 are connected to a 
common ground which, in the remote site concentrator 
32, serve in the ring detection logic 122. The tip wires 
48 serve as inputs to the analog multiplexer switch 120. 
The high impedance of switch 120 enables an analog 
audio signal to pass in both directions over the single tip 
wire 48. 
Each remote line card contains sufficient electronics 

for accessing any one of 32 AM3705 analog switches 
120 illustrated in FIG. 9. Each 5l2><8 matrix 60, 62 of 
the type shown in FIG. 2, therefore, contains sixteen 
such remote line cards 90. FIG. 10 shows one such 
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remote line card 90 minus the thirty-two analog 
switches 120 and their associated electronics. FIG. 11 is 
a more detailed representation of the ring detect logic 
122 shown also in FIG. 10. FIG. 12 shows one of the 
thirty-two analog switches 120 and its associated elec 
tronics which are present on each remote site line card 
90. 
The function of the ring detect logic circuit 122 may 

be described as follows 
FIG. 2 shows that the telephone company’s standard 

access device 46 (CD-6 or similar) delivers ring infor 
mation to the remote site concentrator and control unit 
32 of the telephone answering system 20, at which point 
said ring signal enters line control card 90 as described 
supra. This information is in the form of a switch clo 
sure between ground and one of the RG leads shown in 
FIG. 11. That is to say, when a call to a subscriber is 
received at the telephone company, a switch closure is 
implemented which shunts the appropriate RG lead to 
ground. There are, of course, 512 such leads; 32 to each 
of 16 remote line cards 90. As shown in FIG. 11, the RG 
leads are inputs to an eight-to-one multiplexer 124. Any 
of the eight input lines may be connected to the output 
by applying the proper binary code, D0 D1 D2, and by 
enabling the analog switch at pin 10. In this particular 
application the remote control card (FIGS. 5 and 13) 
imposes a 10 bit binary code D0~D9 on the remote site 
line card 90. Bits Dll-DZ are used in the ring detect to 
address one of eight input lines. Bits D3, D4 are sent 
through a two-line-to-four line SN74l55 decoder 126 
(FIG. 10) to enable one ofthe four eight-line ring detec 
tion circuits 122. Bits D5-D9 are used to enable one of 
the 16 remote line control cards by means of an enable 
signal (SEL) sent to the SN74l55 decoder 126 and to 
the output gate of the ring detection circuit 122. Hence 
by sequencing bits D0-D9, each ring line from the 512 
subscribers is checked for 0 volts. A ringing line will 
thereby be gated to the remote site control card so that 
the number of rings may be counted or so the termina 
tion of ringing may be reported. Any line not ringing 
will, of course, go unnoticed because each input is tried 
to 5 volts through a 330 ohm resistor. 

In addition to controlling the address of lines to the 
ring detection logic 122, bits D0~D9 are also imposed 
on four eight-bit Fairchild 9334 addressable latches 128 
as shown in FIG. 10. Each ofthe 32 digital outputs from 
these latches is used to enable one of the 32 AM3705 
eight channel analog switches 120 via their associated 
circuitry. A discussion of the addressing circuits is 
given below. 

FIG. 12 shows one of the 32 eight channel analog 
switching circuits 130 present on each remote line card 
90. All inputs to this portion of the remote site line card 
are sent from the central site computer 44, through the 
remote site control card, and are imposed on the buffer 
gates 127 shown in FIG. 10. 
The logic of the sixteen control cards in the remote 

site concentrator and control unit 32 (32 of such cards if 
two analog matrices 60, 62 are present) is not illustrated 
in detail because it is conventional solid state logic. This 
control logic on the control card stores the number of 
rings required before a subscriber line 30 is answered; 
counts the number of rings on a ringing line and com 
pares this number with the threshhold stored. It also can 
receive and acknowledge eight basic digital messages: 
Connect line x to trunk y; 
take line it off-hook; 
place line x on-hook and disconnect from trunk y; 
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deactivate all lines and trunks; 
load ring count; 
send ring count; 
ring out compares; 
ring count exceeds present by two. 
The central site concentrator and control unit 38 

operates similarly to the remote site concentrator and 
control unit 32 except for certain basic differences. 
Primary among these is the absence of any ring detec 
tion logic, ring count logic, off-hook and related digital 
messages. Hence the central concentrator and control 
unit 38 needs to receive and acknowledge only three 
basic digital messages: 

connect; 
disconnect; 
rest. 

Thus the central site concentrator 102 is basically a 
large switching matrix, in the preferred embodiment, 
a l28-to-64 switch, utilizing the same analog multi 
plexer 120 as a switch, as in the remote site concentra 
tor 32. 

System operation: 
A typical step-by-step sequence of events for a nor 

mal call routed through the telephone answering system 
20 may be described as follows 

System 20 is a telephone answering system having a 
number of subscriber 22 connected thereto. Each sub 
scriber furnishes the system 20 with basic information 
such as the way he wishes his line answered, what type 
of message to take, what questions to ask callers and 
after how many rings he desires to have the telephone 
answered. All this subscriber information is stored in 
central site computer 44. Periodically central computer 
44 will send digital messages to each remote site control 
unit 64 indicating predetermined number of rings for 
each subscriber line 30 connected to its concentrator 32. 
Remote control unit 64 constantly scans all subscriber 
lines 30 for a ringing condition. When a line 30 is de 
tected as ringing, a ground appears at the ring detection 
multiplexer in remote control unit 64. At this point, the 
ring is indicated to the remote site control unit buffer 
memory 98 which retrieves a word with answer instruc 
tions from its memory, increments a bit to count the 
rings, and compares the results to the predetermined 
number of rings required for answering the line. If the 
prescribed number of rings has not been met, no mes 
sage is sent to the central site computer 44 and the con 
trol unit 64 goes on to scan the next line. 

If the threshold of the predetermined number of rings 
has been met, then the remote site control unit 64 out 
puts a control message over its control line 70 to the 
central site computer 44 stating that the ringing line has 
met the threshold for being answered. Upon receipt of 
this message the central computer 44 does a table look 
up to determine which trunk lines 34 are available to the 
central site concentrator 38 and which operator posi 
tion 42 is available. The computer 44 then determines a 
path through both concentrators 60, 102 to an available 
operator position 42 and communicates its switching 
instruction to each concentrator 60, 102 via the digital 
code discussed supra, i.e., addressing code on bits 
TRO-TRZ. 
At the same time a Connect bit is sent which clocks 

the trunk access bits into the D ?ip flops 129 which 
have been properly enabled by the Fairchild 9334 eight 
bit latches 128. When the trunk address codes have been 
loaded, a signal is sent to the central site computer 44 to 
that effect. The computer 44 checks to see if the proper 




















