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(57) Abstract

A multiplex system for further multiplexing signals output by low group multiplexers (11-1N) by means of a high
group multiplexer (2). In this system, when at least one of the low group multiplexers is in a fault state, an alternating pat-
tern signal is supplied to the high group multiplexer instead of the signal output by the faulty low group multiplexer,
whereby the ratio of ‘0’ and ‘1’ of the signal output by the high group multiplexer becomes almost 1:1.
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DESCRIPTION

TITLE OF THE INVENTION

Multiplex System

TECHNICAL FIELD

The present invention relates to an improvement of
a multiplex system used in a hierarchical data transmis-
sion system in which a plurality of signals output by
multiplexers are further multiplexed and transmitted to
a transmission line, especially an optical transmission
line.

BACKGROUND ART

A hierarchical transmission system is known in
which, for example, 9-channel data trains, each having a
transmission rate of 45 Mb/s, are multiplexed by low
group multiplexers to obtain a multiplexed data train of
405 Mb/s and , for example, two of these multiplexed
data trains are further multiplexed by a high group
multiplexer to obtain a multiplexed data train of
810 Mb/s, and this high group multiplexed data train is
electro-optic converted by an optical interface circuit
and transmitted to an optical transmission line, whereby
a large amount of data transmission is performed. In
this system, the output signals of the low group multi-
plexers are scrambled at the highest speed now possible,
whereby the ratio of "1" and "0" of the output signal
becomes almost equal.

In such a system, when one of the low group multi-
plexers becomes unavailable through a fault occurrence,
the unavailable multiplexer outputs "0" or "1" continu-
ously. Accordingly, the ratio of "0" and "1" of the
output signal does not become equal. N ’

However, when the unavailable low group multiplexer
outputs, for example, "0" continuously, if the transmis-
sion rate of the system is very high and the number of
low group multiplexers is small, for example, two, it is
difficult to extract a timing clock from a received
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signal in the receiver side, therefore normal reception
becomes impossible. On the other hand, when the unavail-
able low group multiplexer outputs "1" continuously, if
this system is used in the optical transmission system,
the lighting time of a light emission element, for

example a semiconductor laser, becomes long in comparison

with the case in which a fault does not occur, and
accordingly, the life time of the light emission element
is shortened.

Accordingly, an object of the present invention is
to provide an improved multiplex system which can
facilitate the extraction of the timing clock at the
receiver side and prolong the life time of the light
emission element at the ﬁransmitter side.

DISCLOSURE OF THE INVENTION

According to a fundamental aspect of the present
invention, there is provided a multiplex system compris-
ing a plurality of first multiplexers, a second multi-
plexer for further multiplexing signals output by the
first multiplexers, means for generating an alternating
pattern in synchronization with the signals output by
the first multiplexer, and switching means provided for
each of the first multiplexers for selectively out-
butting the signals output by the related first multi-
plexer or the alternating pattern to the second multi-
plexer, wherein the switching means related to the first
multiplexer, the output signal of which is cut off,
outputs the alternating pattern signal ir place of the
signal output by the first multiplexer. - )

According to another aspect of the.present'ihvén—
tion, there is provided a multiplex system comprising a
plurality of first multiplexers, a second multiplexer
for further multiplexing signals output by the first
multiplexers, a generator for generating an alternating
pattern signal in synchronization with the signals
output by the first multiplexers, and a plurality of

selectors provided for each of the first multiplexers
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for selecting the signal output by the related first
multiplexer when the related first multiplexer assumes a
normal state, and selecting the alternating pattern
signal when the related first multiplexer assumes a
fault state and outputting the selected signal to the
second multiplexer.

According to another aspect of the present inven-
tion, there is provided a multiplex system comprising a
plurality of first multiplexers, a second multiplexer
for further multiplexing signals output by the first
multiplexers, and means for supplying a selected signal
to the second multiplexer, which means is provided for
each of the first multiplexers, wherein the signal
output by the related first multiplexer is selected when
the related first multiplexer assumes a normal state,
and an internally generated alternating pattern signal
is selected when the related first multiplexer assumes a
fault state.

According to another aspect of the present inven-
tion, there is provided a signal supplying circuit being
capable of selectively outputting an external input
signal or an internally generated alternating pattern
signal, the circuit comprising a D type flip-flop, the
output signal thereof being available as the output
signal of the supplying circuit, a NOR gate having two
input terminals, wherein the output signal of the D type
flip~flop is input to one terminal and a mode changing

_signal is input to the other, and an OR gate having two

input terminals, wherein the external input signal is
input to one terminal and the output signal of the NOR
gate is input to the other.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of a multiplex system according to the
present invention will be described with reference to
the accompanying drawings, in which:

Fig. 1 is a block diagram of a prior art

multiplex system; '
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Fig. 2 is a block diagram of an embodiment of
a multiplex system according to the present invention;
Fig. 3 and Fig. 4 show time charts of signal-
waveforms for explaining the operation of the system
shown in Fig. 2;
Fig. 5 is a block diagram of another embodiment
according to the present invention:;
Fig. 6 is a time chart of the signal-waveform
of the Fig. 5 system; and .
Fig. 7 and Fig. 8 are block diagrams of
further embodiments according to the present invention.
BEST MODE FOR CARRYING OUT THE INVENTION
Before describing the embodiments of the present
invention, a prior art and the disadvantages therein
will be described. Figure 1 is a block diagram of a
multiplex system of the prior art. In Fig. 1, 11 to 1In
are n number of low group digital multiplexers, 2 a high
group multiplexer. The multiplexer 2 comprises AND
gates 211 to 21n, an OR gate 22, and a flip-flop 23.
Each of AND gates 211 to 21n has two input-terminals, to
one of which a data signal output by the related multi-
plexer is led and to the other a clock having an n
multiplied clock rate of the timing clock of multi-
plexers 11 to 1n, i.e. n phase clock of multiplexers 11
to In. Output signals of the AND gates 211 to 21n are
led to the flip-flop—-23 for shaping the waveform.
In the Fig. 1 system, a further multiplex of the
output signals of multiplexers 211 to 21n is performed

.

by opening AND gates 21i to 21n in sequence to send
these data signals of the mul*iplexers 211 to 21n in
sequence to the flip~flop 23 tc¢ shape the waveform.
However, in the Fig. 1 system, if one of multi-
plexers 11 to 1ln becomes unavailable due to a fault,
that unavailable multiplexer cutputs "0" or "1" sequen-
tially, as a result, the ratio of "0" and "1" of the
signal output by the multiplexer 2 does not become

equal. Therefore, extraction of the timing clock at the
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receiver side becomes difficult and the-life time of the
light emission element at the transmitter side is
shortened.

Figure 2 illustrates an embodiment of a multiplex

5 system according to the present invention. In Fig. 2,
11 to 1n are n units of digital low group multiplexers,
2 a high group multiplexer, 31 to 3n n units of selector,
4 a 1/2 frequency demultiplier as a pattern generator,
and 51 to 5n D type flip~flops for shaping the waveform.
10 In all later figures, the same references represent the
same components.

The multiplexers 11 to 1n output a multiplexed data
train of a low group as an output signal respectively.
These multiplexed.data trains are scrambled by each of

15 the multiplexers respectively, therefore, the ratio of
"0" and "1" of the output signal in a normal state
becomes almost 1:1. When these multiplexers 11 to 1In
become unavailable due to a fault, these multiplexers 11
to In output "0" continuously. These multiplexers 11 to

20 In are provided with a fault detector which detects the
fault and outputs an output cut-off detecting signal at
a continuous "1" level. Of course, this fault detector
may be equipped outside of the multiplexers 11 to 1n.

Selectors 31 to 3n are provided for each of the

25 multiplexers 11 to 1ln respectively, and comprises AND
gates 311 to 31n and OR gates 321 to 32n respectively.
In selectors 31 to 3n, the AND gates 311 to 31n have two
input terminals. The detecting signals SD1 to SDn from
multiplexers 11 to ln are respectively led to one of the

30 input terminals of the AND gates 311 to 31n, and the
alternating pattern signal from the ffequency demulti-
plier 4 is input to the other input terminal thereof.
Also, OR gates 321 to 32n have two input terminals, and
the data signals output by the multiplexers 11 to 1ln are

35 respectively led to one of the input terminals and
output signals of the AND gates 311 to 31n are respec-
tively led to the other terminal thereof.
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These selectors 31 to 3n select the data signals
output by multiplexers 11 to ln when the detecting
signalé SD1 to SDn are "0" respectively, select the
alternating pattern signal from the frequency demulti-
plier 4 when the detecting signals are "1" respectively,
and supply the selected signals to the multiplexer 2 via
flip-flops 51 to 5n respectively.

The 1/2 frequency demultiplier 4 divides the timing
clock of the multiplier by 2 in frequency, thereby
outputting the alternating patterns Signal which alter-
nates "0" and "1" in a 1/2 frequency of the timing
clock. The flip-flops 51 to 5n are operated by the
timing clock of the multipliers 11 to 1n to shape the
waveform of the input signal.

The multiplexer 2 is the same as that shown in
Fig. 1. The output signal of the ﬁultiplexer 2 is
supplied to the optical interface circuit (not shown)
which includes a light emission element such as the
semiconductor laser, and then transmit it to the optical
transmission line.

The mode of operation of the system shown in Fig. 2
will now be described by referring to Fig. 3 and Fig. 4.
In the normal state, multiplexers 11 to 1n output a data
signal, and the output cut-off detecting signals SD1 to
SDn are "0". Accordingly, selectors 31 to 3n select the
data signals from the multiplexers 11 to 1n, and supply
them to the multiplexer 2 via the flip-flop 51 to 5n.
In this case, as shown in Fig. 3 (a) and Fig. 4 (a), the
output signal of the multiplexer 2 repeats the data
signals from the multiplexers 11 to 1ln in sequence.
Figure 3 shows the time chart of the signal output by
the multiplexer 2 when the number n of the multi-
plexers 1 to In is 2, and Fig. 4 shows the same when the
number n is 4. The ratios of "0" and "1" of the signals
output by the multiplexers 11 to In are 1:1, since these
signals are scrambled: ,

Now if, for example, the multiplexer 11 becomes
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unavailable due to a fault, the signal data output by
the multiplexer 11 becomes "O" and at the same time the
detecting signal SD1 becomes "1". Therefore, the
selector 31 selects the alternating pattern signal of
the frequency demultiplier 4 instead of the output
signal of the multiplexer 11 and supplies it to the
multiplexer 2 via the flip~-flop 51.

As a result, as shown in Fig. 3(b) and Fig. 4(b),
the data portion of the multiplexer 11 in the output
signal of the multiplexer 2 alternates "0" and "1" in
sequence, and therefore the ratio of "0" and "1" of the
signal output by the multiplexer 2 becomes almost 1:1 in
spite of the fault at the multiplexer 11. Accordingly,
the extraction of the timing clock at the receiver side
becomes easy, and if this -system is used in the optical
data transmission system, the life time of the light
emission element becomes longer in comparison with the
case where a continuous "1" is output from the unavail-
able multiplexer 1.

Figure 5 illustrates another embodiment of the
multiplex system according to the present invention. 1In
the system shown in Fig. 5, the selection function of
the selectors, the alternating pattern generating
function of the frequency demultiplier, and the waveform
shaping function of the flip-flop in the Fig. 2 system
are realized by one circuit, i.e., a signal supplying
circuit, thereby reducing the number of components and
adapting for a high transmission rate. In Fig. 5, the
system comprises multiplexers 11 to 1ln, signal supplying
circuits 61 to 6n provided for each of the multiplexers
11 to 1n, and the multiplexers 2. The multiplexers 11
to 1n and multiplexer 2 have the same function as those
of Fig. 2 except that the output cut-off detecting
signals SD1 to SDn from the multiplexers 11 to 1n are
"1" level in the normal state and "0" level in the fault

state.

Signal supplying circuits 61 to 6n comprise OR
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gates 61 to 6n, NOR gates 621 to 62n, and flip-flops 631
to 63n respectively. Data signals output by the multi-
plexers 11 to 1ln are led to one of the input terminals
of the OR gates 611 to 61n respectively. Output signals
of the OR gates 611 to 61ln are led to data input termi-
nals of the flip~flops 631 to 63n respectively. Output
signals Q of the flip-flop 631 to 63n are led to the
multiplexer 2 at the same time to one of the input
terminals of the NOR gates 621 to 62n respectively. The
detecting signals SD1 to SDn are led to the other input
terminals of the NOR gates 621 to 62n respectively.
Output signals of the NOR gates 621 to 62n are led to
the other input terminals of the OR gates 611 to 61n
respectively. The timing clock of the multiplexers 11
to In is led to the clock input terminals of the flip-
flops 631 to 63n.

The operation of the system shown in Fig. 5 will be

described hereinafter. As an example, the operation of

the signal supplying circuit 61 will be described.
Figure 6 is a time chart of the signal waveforms of the
circuit 61. 1In Fig. 6, (a) represents the date output
signal from the multiplexer 11, (b) a low group timing
clock, (c) an output cut-off detecting signal SD1 from
the multiplexer 11, (d) an output signal of the flip-
flop 631, (e) an output signal of the OR gate 611, and
(f) an output signal of the NOR gate 621.

In the normal state, the NOR gate 621 is closed,
since the output cut-off detecting signal SD1 is "1".
Therefore, the data signal output by the multiplexer 11
is input to the flip-flop 631 via the OR gate 611. The
flip-flop 631 shapes the waveform of the date output
signal and then sends it to the multiplexer 2.

On the other hand, when the multiplexer 11 becomes
unavailable due to a fault at time t1, the data output
signal thereof is cut-off, i.e., becomes "0" continu-
ously, and at the same time, the detecting signal SD1
changes from "1" to "0", whereby the NOR gate 621 is
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opened. Therefore, the output signal Q-of the flip-
flop 631 is reversed by the NOR gate 621 and fed back to
the data input terminal D of the flip-flop 631 via the
OR gate 611. As a result, the flip-flop 631 operates as
a 1/2 frequency demultiplier,i.e., a binary counter, and
outputs an alternating signal, obtained by dividing in
frequency the timing clock by 2, to the multiplexer 2
instead of the data signal output by the multiplexer 11.

Accordingly, the output signal of the signal
supplying circuit 61 has the ratio of "0" and "1" of
almost 1:1. Using this signal supplying circuit, a
single flip-flop is commonly used as the flip~-flop for
frequency dividing and the flip-flop for waveform
shaping, whereby the number of the components is reduced
in comparison with thq Fig. 2 system, and the system may
be adapted for the high rate transmission system.

Figure 7 illustrates another embodiment of the
signal supplying circuit according to the present
invention. 1In Figq. 7, an inverted output signal Q of
a flip-flop 73 is fed back to a data input terminal
thereof via an AND gate 72 and OR gate 71. The output
cut-off detecting signal SD is led to an inverting input
terminal of the AND gate 72. This signal supplying
circuit also outputs the alternating pattern signal
instead of .the data signal from the low group multi-
plexer when the detecting signal SD becomes "0".

Figure 8 illustrates another embodiment of the
multiplex system according to the present invention in
which the signal supplying circuit of Fig. 6 is utilized
as the alternating pattern generator. 1In Fig.s 8, 8 is
an AND gate, 6 the signal supplying circuit, and 91
and 92 selectors. As shown in Fig. 8, the output cut-off
detecting signals SD1 and SD2 are led-to the AND gate 8
to obtain the logical product thereof, and the -output
signal of the AND gate 8 is led to the input terminals
of OR gate 61 and NOR gate 62. This signal supplying
circuit outputs the alternating signal to the selec-
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tors 91 and 92 when at least one of the-detecting
signals SD1 and SD2 become "O".

Although preferred embodiments have been described,
various modifications and alterations are possible
within the scope of the present invention.

CAPABILITY OF EXPLOITATION IN INDUSTRY

As can be seen from the above description, a
multiplex system according to the present invention can
be used in a hierarchical data transmission system in
which a plurality of signals output by multiplexers are
further multiplexed and transmitted to a transmission

line, especially an optical transmission line.
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CLAIMS

1. A multiplex system comprising;

a plurality of first multiplexers;

a second multiplexer for further multi-
plexing signals output by the first multiplexers;

means for generating an alternating
pattern in synchronization with the signals output by
the first multiplexers; and

' and switching means provided for each of
the first multiplexers for selectively outputting one of
the signals output by the related first multiplexer and
the alternating pattern to the second multiplexer,

wherein the switching means related to
the first multiplexer having an output signal which is
cut off, outputs the alternating pattern in place of the
output signal of the first multiplexer.

2. A multiplex system compfising:

a plurality of first multiplexers;

a second multiplexer for further multi-
plexing signals output by the first miltiplexers;

a generator for generating an alternating
pattern signal in synchronization with the signals
output by the first multiplexers; and

a plurality of selectors provided for
each of the first multiplexers for selecting the signal
output by the related first multiplexer when the related
first multiplexer assumes a normal state and selecting
the alternating pattern signal when the related first
multiplexer assumes a fault state and outputting the
selected signal to the second multiplexer.

3. A multiplex system according to claim 2
wherein the pattern generator is comprised of a frequency
demultiplier for dividing a timing clock of the first
mﬁltiplexers by two.

4, A multiplex system according to claim 2
wherein each of the selectors comprised;

an AND gate having two input terminals,
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the alternation pattern signal of the pattern generator
being input to one terminal and the fault indicating
signal of the related first multipiexer being input to
the other; and

an OR gate having two input terminals,
the output signal of the AND gate being input to one
terminal and the output signal of the related first
multiplexer being input to the other.

5. A multiplex system according to claim 2
wherein each of the signals output by the selectors is
input to the second multiplexer via a D flip-flop for
shaping a waveform.

6. A multiplex system comprising:

a plurality of first multiplexers;

7 a second multiplexer for further multi-

plexing signals output by the first multiplexers; and

means for supplying a selected signal to
the second multiplexer, which means is provided for each
of the first multiplexers, wherein the signal output b?
the related first multiplexer is selected when the
related first multiplexer assumes a normal state, and an
internally generated alternating pattern signal is
selected when the related first multiplexer assumes a
fault state.

- 7. A multiplex system according to claim 6
wherein the supplying mcans includes D type flip-~flop
operated by a timing clock of the first multiplexers,
and constituted so that the signzl output by the related
first multiplexer is wave-shaped by the D type flip-flop
and supplied to the second multiplexer when the related
first multiplexer assumes a normal state, and the
alternating pattern signal having 1/2 timing clock rate
of the first multiplexers is generated by leading the
polarity-reversed output signal of the D type flip-flop
to a data input terminal thereof and supplied to the
second multiplexer when the related first multiplexer
falls into a fault state.
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8. A multiplex system according to claim 7
wherein the supplying means comprises;

a D type flip-flop having an output
signal which is supplied to the second multiplexer;

a NOR gate having two input terminals,
the output signal of the D type flip-flop being input to
one terminal and the fault indicating signal of the
related first multiplexer being input to the other; and

an OR gate having two input terminals,
the output signal of the related first multiplexer being
input to one terminal and the output signal of the NOR
gate being input to the other, and supplying the output
signal thereof to the data input terminal of the D type
flop-flop.

9. A signal supplying circuit being capable of
selectively outputting one of an external input signal
and an internally generated alternating pattern signal,
the circuit comprising:

a D type flip-flop, an output signal
therof being available as the output signal of the
supplying circuit;

a NOR gate having two input terminals the
output signal of the D type flip-flop being input to one
terminal and a mode changing signal being input to ﬁhe
other; and

an OR gate having two input terminals,
the external input signal being input to one terminal
and the output signal of the NOR gate being input to the
other,
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" AMENDED CLAIMS
[received by the International Bureau on 19 August 1986 (19.08.86)
original claims 1-9 replaced by amended claims 1-8 (4 pages)]

1. (amended) A multiplex system comprising:
a plurality of first multiplexers;

a second multiplexer for further multi-
plexing signals output from the first multiplexers by
simply converting parallel input signals to a serial

output signal;

a generator for generating an alternating
pattern signal in synchronization with the signals output
by the first multiplexers; and

a plurality of selectors provided for each
of the first multiplexers for selecting the signal output
by the related first multiplexer when the related first
multiplexer assumes a normal state and selecting the
alternating pattern signal when the related first multi-
plexer assumes a fault state and outputting the selected

signal to the second multiplexer.

2. (amended) A multiplex system according to
claim 1 wherein the pattern generator is comprised of a
frequency demultiplier for dividing a timing clock of the
first multiplexers by two. ' :

3. (amended) A multiplex system according to
claim 1 wherein each of the selectors comprised:

an AND gate having two input terminals,

the alternation pattern signal of the pattern generator




WO 86/05939 PCT/JP86/00148
15

being input to one terminal and the fault indicating
signal of the related first multiplexer being input to -
the other; and

an OR gate having two input terminals, the
output signal of the AND gate being input to one terminal
and the output signal of the related first multiplexer
being input to the other.

4., (amended) A multiplex system according to
claim 1 wherein each of the signals output by the
selectors is input to the second multiplexer via a D
flip-flop for shaping a waveform.

-

5. (amended) A multiplex system comprising:
a plurality of first multiplexers;

a second multiplexer for further multi-
plexing signals output from the first multiplexers by
simply converting parallel input signals to a serial
output signal; and

means for supplying a selected signal to
the second multiplexer, which means is provided for each
of the first multiplexers, wherein the signal output by
the related first multiplexer is selected when the
related first multiplexer assumes a normal state, and an
internally generated alternating pattern signal is
selected when the related first multiplxer assumes a
fault state.

6. (amended) A multiplex system according to
claim 5 wherein the supplying means includes D type
flip-flop operated by a timing clock of the first
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multiplexers, and constituted so that the signal output
by the related first multiplexer is wave-shaped by the

D type flip-flop and supplied to the second multiplexer
when the related first multiplexer assumes a normal
state, and the alternating pattern signal having

1/2 timing clock rate of the first multiplexers is
generated by leading the polarity-reversed output signal
of the D type flip-flop to a data input terminal thereof
and supplied to the second multiplexer when the related
first multiplexer falls into a fault state.

7. (amended) A multiplex system according to

claim 6 wherein the supplying means comprises:

a D type flip-flop having an output signal
which is supplied to the second multiplexer;

a NOR gate having two input terminals, the
output signal of the D .type flip-flop being input to one
terminal and the fault indicating signal of the related
first multiplexer being input to the other; and

an OR gate having two input terminals, the
output signal of the related first multiplexer being
input to one terminal and the output signal of the NOR
gate being input to the other, and supplying the output
signal thereof to the data input terminal of'the D type
flip-flop.

8. (amended) A signal supplying circuit being
capable of selectively outputting one of an external
input signal and an internally generated alternating
pattern signal, the circuit comprising:
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a D type flip-flop, an output signal
thereof being available as the output signal of the
supplying circuit;

a selecting gate having two input terminals
the polarity-reversed output signal of the D type
flip-flop being input to one terminal and a mode changing
signal being input to the other; and

an OR gate having two input terminals, the
external input signal being input to one terminal and the
output signal of the NOR gate being input to the other.
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