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57 ABSTRACT

A time division electronic switching system including,
as main structural elements, a central processing unit, a
multi-frequency signal receiver unit, a signal processor
and a time division switch including a speech path mem-
ory. Dial information from a subscriber or from another
telephone office is detected in the multi-frequency sig-
nal receiver unit, the output of the multi-frequency
signal receiver unit is written into the speech path mem-
ory, and an access circuit reads out the information
written in the speech path memory and supplies it to the
signal processor as read out information.

7 Claims, 13 Drawing Figures
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TIME DIVISION ELECTRONIC SWITCHING
SYSTEM

BACKGROUND OF THE INVENTION

The present invention relates to a time division elec-
tronic switching system in which the interfaces of a
signal processor with a push-button dial signal receiver
and a multi-frequency signal receiver are simplified and
expansion of the system is facilitated.

In a conventional time division electronic switching
system, the main structural elements of the time division
electronic switching system are a central processing
unit, a signal processor and a time division switch in-
cluding a speech path memory. The time division elec-
tronic switching system is connected to the subscribers
and to other telephone offices through line circuits and
trunk circuits, respectively. Furthermore, the time divi-
sion electronic switching system includes a tone trunk
for dial tones and call progress tones, a signal receiver
circuit for receiving dial signals, especially push-button
dial signals, and a multi-frequency signal receiver cir-
cuit for converting into analog signals the signals trans-
mitted to other telephone offices and for converting to
digital signals analog signals received from other tele-
phone offices. The signal processor comprises, as main
elements, a signal distributing circuit, a switch control
circuit and a scanning circuit. The scanning circuit of
the signal processor periodically makes a status scan of
the line circuits and trunk circuits looking for the on-
hook or off-hook state of a subscriber or the state of the
trunk circuit. In the speech path memory, speech repre-
sentation signals are transmitted while writing into and
reading out of the speech path memory not only speech
signals of the subscribers but also speech signals from
other telephone offices. With respect to the site of the
speech path memory and storage for the on-hook/off-
hook information of the line circuit, one bit is sufficient
per circuit, but 4 bits or 5 bits per line circuit are neces-
sary for storage of the push-button dial signal from the
receiver circuit and multi-frequency signal receiver.
Furthermore, if the analog-digital conversion system is
a Pulse Coded Modulation (PCM) system, 8 bits per
circuit are necessary for the speech path memory. Ac-
cordingly, in the conventional electronic switching
system, interfacing the time division switch, including
the speech path memory or the signal processor, with
another unit is complicated. Therefore, the conven-
tional electronic switching system is disadvantageous in
that the possible physical equipment locations are lim-
ited because of the system structure and expansion of
the system is difficult.

SUMMARY OF THE INVENTION

An object of the present invention is to provide an
electronic switching system in which the above-men-
tioned limitations in the conventional system are elimi-
nated and the interfaces of the time division switch with
other units are arranged and simplified to facilitate en-
largement of the system.

The above-mentioned object can be achieved by a
time division electronic switching system which in-
cludes, as the main structural elements, a central pro-
cessing unit, a multi-frequency signal receiver circuit, a
signal processor and a time division switch including a
speech path memory.

The multi-frequency signal receiver circuit comprises
means for detecting dial information from the subscrib-
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2

ers or from other telephone offices. A holding memory
means is included in the system for writing the output of
the multi-frequency signal receiver circuit into the
speech path memory. An access circuit means is addi-
tionally included in the system for reading out the infor-
mation written in the speech path memory and supply-
ing information to the signal processor.

Further features and advantages of the present inven-
tion will be apparent from the ensuing detailed descrip-
tion of the preferred embodiments with reference to the
accompanying drawings to which, however, the scope
of the invention is in no way limited.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 formed by combining FIGS. 1A and 1B is a
block diagram illustrating a conventional time division
electronic switching system;

FIG. 2 formed by combining FIGS. 2A and 2B is a
block diagram illustrating one embodiment of the time
division electronic switching system according to the
present invention;

FIG. 3 formed by combining FIGS. 3A and 3B, is a
time chart illustrating the operation of the time division
electronic switching system of FIG. 2;

FIG. 4A illustrates an embodiment of the access cir-
cuit illustrated in FIG. 2;

FIG. 4B graphically illustrates the relationship be-
tween the signals within the access circuit shown in
FIG. 4A;

FIG. 5A illustrates another embodiment of the access
circuit illustrated in FIG. 2; and

FIG. 5B illustrates another embodiment of the access
circuit illustgated in FIG. 2.

X
DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

The conventional time division electronic switching
system has a block structure as shown in FIG. 1. Refer-
ring to FIG. 1, the main structural elements of the time
division electronic switching system are a central pro-
cessing unit 1, a signal processor 2 and a time division
switch 3 including a speech path memory 12. The time
division electronic switching system of FIG. 1 is con-
nected to subscribers Sq, . . ., 5n through line circuits
6a, . , 6n respectlvely, and connected to another
telephone office (not shown in FIG. 1) through a trunk
circuit 7. Furthermore, the time division electronic
switching system includes a tone trunk 8 for dial tones
and call progress tones, a signal receiver circuit 9 for
receiving dial signals, especially push-button dial sig-
nals, and a multi-frequency signal receiver circuit 10 for
converting signals transmitted to other telephone of-
fices from digital to analog and for converting signals
received from other telephone offices from analog to
digital. The signal processor 2 includes, as the main
element, a signal distributing circuit 13, a switch control
circuit 14 and a scanning circuit 15. The scanning cir-
cuit 15 of the signal processor 2 periodically scans the
line circuits 6a, . . ., 6n inspecting for the on-hook or
off-hook state of a subscriber 5q, . . ., 51 through the
line circuits 6a, . . ., 6n or the state of the trunk circuit
7. In the speech path memory 12, speech representation
signals are transmitted while writing into and reading
out of the speech path memory not only speech signals
of the subscribers Sa, . . ., 5» but also speech signals
from other telephone offices (not shown in FIG. 1). The
size of the speech path memory depends upon the data
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stored for each line circuit, for inspection or status in-
formation of one of the line circuits, 64, . . ., 6n, one bit

is sufficient per circuit, 4 bits or 5 bits per line circuit are
additionally necessary for the push-button dial signal
receiver circuit 9 and multi-frequency signal receiver
circuit 10 and if the analog-digital conversion system is
a Pulse Coded Modulation (PCM) system, 8 bits per line
circuit in addition to the status bit are necessary for the
speech path memory 12. Accordingly, in the conven-
tional electronic switching system illustrated in FIG. 1,
interfacing the time division switches including the
speech path memory 12 or the signal processor 2 with
another unit is complicated. Therefore, the conven-
tional electronic switching system is limited in that the
possible physical equipment locations are restricted
because of the system structure and enlargement of the
system is difficult.

FIG. 2 is a block diagram illustrating the main ele-
ments of one embodiment of the present invention and
illustrates a time division switch 24 in detail. In FIG. 2,
20g, . . ., 20n represent subcribers, blocks 21a, .. ., 21n
are line circuits, block 22 is a signal processor which
includes a signal distributor 31, a switch control circuit
32 and a scanning circuit 33, and block 23 is a multi-fre-
quency signal receiver circuit.

In the time division switch 24 of FIG. 2, 26a repre-
sents a speech path memory on the transmitting side,
26b represents a speech path memory on the receiving
side, and 27a and 27b represent holding memory cir-
cuits. The holding memory circuit 27a controls both the
speech path memories 26a and 26b. Block 30 represents
a circuit for producing the timing for clock signals,
synchronous signals and the liké, and block 25 repre-
sents an access circuit for reading out the contents of
the speech path memory 264 on the transmitting side
and putting the data read out into the signal processor
22. When the telephone of the subscriber 20q is of the
push-button dial type and a dial operation is performed
by the subscriber 20q, the analog dial signal of the dial
is converted to a digital signal in the line circuit 21a and
this digital signal is used as a transmitting signal infor-
mation SS1. The transmitting signal information from
the subscriber is periodically written into the speech
path memory 27a, is then read out of the speech path
memory by addressing data (an address Ao), sent from
the holding memory circuit 27a and SS1 is then written
through a highway switch 28 into the speech path mem-
ory 265 on the receiving side by addressing data (an
address Ax) sent from the holding memory circuit 27a.
The speech path memory 26b is periodically read-out
and the read out information SS1 is supplied to the
multi-frequency signal receiver 23. When the dial infor-
mation is detected in the receiver circuit 23, data SS2 is
transmitted to and written into the speech path memory
26a on the transmitting side. When the data SS2 is read
out of the speech path memory 26a by the access circuit
25, the data SS2 is processed as dial information in the
signal processor 22 and is sent to the central processing
unit. A signal SP generated in the multi-frequency sig-
nal receiver circuit 23 indicates detection of the above
dial information. After signal SP has been produced, the
signal processor 22 reads out the data SS2 of the mem-
ory 26a. One bit of the data bits of the memory cells of
the holding memory circuit 27a is used for preventing
the data SS2 from being transmitted to the subscriber
20a when the date SS2 is written into the speech path
memory 265 on the receiving side. In FIG. 2, the last bit
in each of the memory cells in holding memory 27a

4

having the addresses Ao and Ax is used for this purpose.
When the last bit is at a level “1”, writing from the
memory is possible and when it is at level 0", transmis-
sion to the subscriber is not effected because writing
from the memory is not allowed.

FIG. 3 graphically illustrates a time chart for each
portion of the time division switch 24 of FIG. 2 when
dial information is sent from the subscriber 20a. When

" the subscriber 20a operates the dial after an off-hook
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signal from the telephone set is received, the analog
signal of the dial signal is converted into a digital signal
by the line circuit 21a, the converted dial signal SS1 is
assigned to a time slot TSO and is supplied to the speech
path memory 26a as illustrated in (a) of FIG. 3. The
output signal SS2 of the multi-frequency signal receiver
23 is assigned to a time slot TSn as illustrated in (a) of
FIG. 3. The dial signal information SS1 is written into
the speech path memory 26a at the address Ao and the
output signal SS2 of the multi-frequency signal receiver
23 is written into the speech path memory 26a at the
address Ax as illustrated in FIG. 2. The dial signal infor-
mation SS1 and the data SS2 of the multi-frequency
signal receiver 23 stored in the speech path memory 264
is read out under the control of the holding memory 27a
at predetermined times ta and tb in the time slots TSo
and TSn as illustrated in (b) of FIG. 3. The phase differ-
ence between the times ta and tb is 3 frame, the informa-
tion SS1 and the data SS2 are delayed } frame, the dial
signal information SS1 in the time slot ta illustrated in
(b) of FIG. 3 is placed in the time slot tb at the output
of the highway switch 28 as illustrated in (c) of FIG. 3,
and the dial signal information SS1 is written into the
memory cells in the speech path memory 26b at the
address Ax. The information SS1 is again read out of
the holding mefhory 27a and is sent to the multi-fre-
quency signal receiver 23. When the multi-frequency
signal receiver 23 detects the dial signal information
SS1, the signal information SS1 is sent to the time slot
TSn as a data output and is written into the speech path
memory 26a at the address Ax. When the data SS1 is
read out by the holding memory 274, the data SS1 is
sampled by the access circuit 25 so that it can be pro-
cessed in the signal processor 22 as dial information.
FIG. 4A is one embodiment of the access circuit 25
shown in FIG. 2. In FIG. 4A, flip-flop circuits 41 and 42
are connected to the output of the speech path memory
26a, and the outputs of the flip-flop circuits 41 and 42
are connected to the highway switch 28 and to the
signal processor 22, respectively. Clock pulses CLo and
CL, are supplied to the flip-flop circuits 41 and 42,
respectively. An address selector 43 receives informa-
tion concerning the signal receive address, the write
address and the read address from the signal processor
22 so that the proper memory cell of the speech path
memory 26a can be selected. FIG. 4B illustrates the
time relation between (a) an address in the speech path
memory 264, (b) the clock pulse CLg, (c) the clock pulse
CL, (d) the operation of the flip flop 41 and (e) the
operation of the flip-flop 42. The speech path memory
26a has n operational phases plus a signal receive time
phase within each cycle, and the content of the speech
path memory 264 is read out at a predetermined time.
FIG. 5A is another embodiment of the access circuit
25 shown in FIG. 2. Referring to FIG. 2, an address
signal is supplied from the holding memory 27¢ to the
speech path memory 26a on the transmitting side and to
a comparator 46 (FIG. 5A) which compares the address
from the holding memory with the information re-
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ceived from the signal processor 22. The output of the
comparator 46 is supplied to an input terminal of a gate
circuit 47 and the output of the speech path memory 26a
is supplied to another input terminal of the gate circuit
47. The output of the gate circuit 47 is supplied to a
register 48 and the output of the register 48 is supplied
to the signal processor 22. In the access circuit 25 illus-
trated in FIG. SA, the address in the speech path mem-
ory 26a, that is, an access time slot in the speech path
memory 26a, has been previously determined and the
read-out time of the access time slot is detected by the
comparator 46. The circuit 25 of FIG. 5A is used when
the specified data is detected and read from highway
data that continuously flows.

FIG. 5B is a another embodiment of the access circuit
25 illustrated in FIG. 2. In the circuit 25 illustrated in
FIG. 5B, a channel time slot has been previously deter-
mined and the read-out time of the assigned time slot is
detected by a comparator 46a.

The operation of the time division switching system
whenever a push-button dial signal is received is as
described above. In the present invention, the signals of
the multi-frequency signal receiver circuit 23 are han-
dled in a similar manner.

If an arrangement is made so that the status signals
representing the on-hook or off-hook state of the tele-
phones, which comes from the line circuits 21a, . . .,
21n, and signals SP from the multi-frequency signal
receiver circuit 23 are periodically read out and inserted
into the speech path memory as SS1 data signals, a
scanning signal line SCN need not be provided.

In the conventional electronic switching system
shown in FIG. 1, since each of the interfaces of the time
division switch 3 and signal processor 2 with the line
circuits 6a, . . . , 6n, with the tone trunk 8, with the
push-button dial signal receiver circuit 9 and with the
multi-frequency signal receiver circuit 10 transmit dif-
ferent quantities of information, the practical physical
equipment locations are considerably limited because of
the system structure. However, if the above-mentioned
structure of the present invention is adopted, a common
interface with the time division switch 24 can be pro-
vided for the respective elements, the limitation on the
practical equipment locations is moderated and enlarge-
ment of the system can be facilitated. Furthermore, if
during the primary operation of the speech path memo-
ries 26a and 265, that is, processing of digitized speech
signals, such signals are read out and analyzed, occur-
rence of circuit malfunctions can easily be detected,
because speech signals change continuously during a
telephone conversation and if such changes are not
observed it is an indication of a malfunction.

We claim:

1. A time division electronic switching system opera-
tively connected to subscriber connection equipment
and other telephone office connection equipment, the
subscriber and other telephone office connection equip-
ment generating dial information, including, as struc-
tural elements, a signal processor operatively connected
to a central processing unit, a multi-frequency signal
receiver operatively connected to both the signal pro-
cessor and a time division switch including a speech
path memory having transmitting and receiving sides,
wherein said signal processor generates a control signal,
said system comprising:

a multi-frequency signal receiver circuit of the multi-

frequency receiver, having an output, including
dial information detection means for detecting the
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6
dial information and for generating detected dial
information;

holding memory means, operatively connected to the
speech path memory, for controlling the writing of
the detected dial information from said multi-fre-
quency signal receiver circuit into the speech path
memory; and

access means, operatively connected between the
speech path memory means and the signal proces-
sor, for controllably reading out the detected dial
information written in the speech path memory and
supplying the detected dial information to the sig-
nal processor in dependence upon the control sig-
nal, whereby the signal processor supplies the de-
tected dial information to the central processing
unit.

2. A time division electronic switching system ac-
cording to claim 1, wherein when said multi-frequency
signal receiver circuit detects the dial information
stored in the speech path memory and generates a de-
tected output signal.

3. A time division electronic switching system ac-
cording to claim 2, wherein the detected output signal is
supplied to the signal processor, whereby the signal
processor initiates the read out of the speech path mem-
ory by said access means by transmitting the control
signal to said access means.

4. A time division electronic switching system ac-
cording to claim 2, wherein when the detected output
signal is generated during periodic read out of the re-
ceiving side of the speech path memory the detected
dial information is written into the speech path memory
on the transmitting side.

5. A time division electronic switching system ac-
cording to claim 1, wherein the signal processor gener-
ates a write address, a read address and a signal receive
address, where the speech path memory has a speech
path output, has a plurality of memory cells, and has an
address selector which selects a memory cell based on
the signal receive address, the write address and the
read address from the signal processor, wherein said
access means is operatively connected to receive a
clock pulse, wherein said access means comprises a
flip-flop circuit having a first input operatively con-
nected to the speech path output of the speech path
memory, having a second input supplied with the clock
pulse which is generated at a time corresponding to the
generation of the signal receive address, and having an
output operatively connected to the signal processor.

6. A time division electronic switching system ac-
cording to claim 1, wherein the signal processor gener-
ates a predetermined address, wherein said holding
memory means generates a holding address, wherein
the speech path memory has memory cells each cell
having a memory cell address and has a speech path
output, wherein said access means comprises:

a comparator, having a first input operatively con-
nected to said holding memory means for receiving
the holding address corresponding to a memory
cell address in the speech path memory, having a
second input operatively connected to receive the
predetermined address, and having an output, for
comparing the holding address with the predeter-
mined address transmitted from the signal proces-
sor, and for generating an equals signal whenever
the compared addresses are equal;

an AND gate having a first input operatively con-
nected to the speech path output of the speech path
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memory, having a second input operatively con-
nected to the output of said comparator and having
an output; and

a shift register having an input operatively connected

to the output of said AND gate and having an
output operatively connected to the signal proces-
SOr.

7. A time division electronic switching system ac-
cording to claim 1, wherein the speech path memory
means has a speech path output and has time slots,
wherein said signal processor generates a signal proces-
sor address, wherein said access means is operatively
connected to receive a timing address, wherein said
access means comprises:

a comparator, having a first input for receiving the

timing address corresponding to a time slot in the
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speech path memory, having a second input opera-
tively connected to the signal processor for receiv-
ing the signal processor address, and having an
output, for comparing the timing address with the
signal processor address from the signal processor,
and for generating an equals signal whenever the
addresses compared are equal;

an AND gate having a first input operatively con-
nected to the speech path output of the speech path
memory, having a second input operatively con-
nected to the output of said comparator and having
an output; and

a shift register having an input operatively connected
to the output of said AND gate and having an

output connected to the signal processor.
* * : 3



