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Claim

A digital signal transmitting system comprisirng:
a plurality of digital signal reproducers, each outputting

a digital signal to be time-division multiplexed;

a digital data signal multiplexer connected to receive a

frame synchronizing signul, a service bit signal and
the output signals of said plurality of digital signal
reproducers, for producing a block data signal
including said frame synchronizing signal, said service
bit signal and a plurality of slot data bits arranged
with said digital data signals, said block data signal
being arranged within a multi-frame, in which said
service bit signal is indicative of the transmission
mode; and '

means for modulating the output of said digital data signal

multiplexer so as to transmit the same through a
transmission line with plural channel signals;

a plurality of tuners, each being supplied with said channel

signals, means for demodulating a selected ¢ne channel:

P,
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and

means for transmitting the demodulated multiplexed digital
signal through an optical fibre <cable to a
corresponding receiver terminal, said receiver terminal
including:

(a) a frame synchronizing signal detector for detecting the
frame synchronizing signal from said block data signal;

(b) ‘a service bit detector for detecting the service bit
signals from said block data signal;

(c) a controller supplied with the slot data from the
output of said service bit detector and for producing
a data extracting pattern in response to said slot
data; and

(d) a data extractor supplied with the data extracting
pattern so as to produce a predetermined digital data
signal.

9. In a digital signal transmitting system comprising a
plurality of digital signal reproducers, a digital data signal
multiplexer supplied with the output of said digital signal
reproducers so as to produce a block data signal includii.y a
time-division multiplexed signal thereof with a frame
synchronizing signal and a service bit signal indicative of the
multiplexed signal arrangement and the respective digital signal

speed, modulating means for modulating the output of said digital
data signal multiplexer for transmitting the same through a
transmission line, and receiving terminals for demodulating the
miltiplexed digital signal received through said transmission
line, said receiving terminals comprising;

a frame synchronizing signal detector for detecting the
frame synchronizing signal from said block data signal;

a service bit detector for detecting the service bit signal
from said block data signal in cooperation with said
frame synchronizing signal;

a controller supplied.with the output of said service bit
detector for producing a data extracting pattern in
response to said service bit signal indicative of the
multiplexed signal arrangement and for producing a
signal indicative of the speed of the signal to be

e
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extracted;

2 data extractor supplied with said data extracting pattern
for extracting a predetermined digital signal from said
multiplexed digital signal; ’

an oscillator supplied with said speed indicating signal for
producing an oscillating signal with a frequency
corresponding to the speed indicating signal used for
adjusting the bit timing to extract said predetermined
digital signal; and

a data outputting means for producing an original data
signal prior to the multiplexing from the signal
supplied from said data extractor and the oscillating
signal supplied from said oscillator.
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A DIGITAL SIGNAL TRANSMITTING SYSTEM

Background of the Invention

Field of the Invention

The present invention relates generally to a digital
signal transmitting system, and more particularly to a
transmitting system of this kind which is caPable of
arbitrarily changing the service speed of one block data and
simultaneously transmitting digital data and a service bit
indicative of the time slots in which the digital data is

delivered.
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Description of the Prior Art

In the past, a digital data transmitting system for
multiplexing digital data in a plurality of channels and
transmitting the multiplexed data in one CATV channel band width
has been proposed.

According to the above-mentioned digital signal
transmitting system, it is possible to time-division multiplex
digital data (or stereo digital audio signals) of a plurality of
channels in a predetermined format and to transmit the same to
each terminal.

However, this system cannot time-division multiplex a
variety of digital data in a predetermined band width and also
cannot arbitrarily change the transmission rate of transmitted
data.

Objects and Summary of the Invention

The invention provides a digital signal transmitting
system comprising:

a plurality of digital signal reproducers, each outputting
a digital signal to be time-division multiplexed;

a digital data signal multiplexer connected to receive a
frame synchronizing signal, a service bit signal and
the output signals of said plurality of digital signal
reproducers, for producing a Dblock data signal
including said frame synchronizing signal, said service
bit signal and a plurality of slot data bits arranged
with said digital data signals, said block data signal
being arranged within a multi-frame, in which said
service bit signal is indicative of the transmission
mode; and

means for modulating the output of said digital data signal
multiplexer so as to transmit the same through 'a
transmission line with plural channel signals;

a plurality of tuners, each being supplied with said channel
signals, means for demodulating a selected one channel;
and
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means for transmitting the demodulated multiplexed digital
signal through an optical fibre cable to a
corresponding receiver terminal, said receiver terminal
including:

(a) a frame synchronizing signal detector for detecting the
frame synchronizing signal from said block data signal;

(b)  a service bit detector for detecting the service bit
signals from said block data signal;

(c) a controller supplied with the slot data from the
output of said service bit detector and for producing
a data extracting pattern in response to said slot
data; and -

(d) a data extractor supplied with the data extracting
pattern so as to produce a predetermined digital data
signal.

The invention also provides in a digital signal
transmitting system comprising a plurality of digital signal
reproducers, a digital data signal multiplexer supplied with the
output of said digital signal reproducers so as to produce a
block data signal including a time-division multiplexed signal
thereof with a frame synchronizing signal and a service bit
gignal indicative of the multiplexed signal arrangement and the
respective digital signal speed, modulating means for modulating
the output of said digital data signal multiplexer for
transmitting the same through a transmission line, and receiving
terminals for demodulating the multiplexed digital signal
received through said transmission line, said receiving terminals
comprising;

a frame synchronizing signal detector for detecting the
frame synchronizing signal from said block data signal;

a service bit detector for detecting the service bit signal
from said block data signal in cooperation with said
frame synchronizing signal;

a controller supplied with the output of said service bit
detector for producing a data extracting pattern in
regponse to said service bit signai indicative of the
multiplexed signal arrangement and for producing a

N
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signal indicative of the speed of the signal to be

extracted;

a data extractor supplied with said data extracting pattern
for extracting a predetermined digital signal from said
multiplexed digital signal;

an oscillator supplied with said speed indicating signal for
producing an oscillating signal with a frequency
corresponding to the speed indicating signal used for
adjusting the bit timing to extract said predetermined
digital signal; and

a data outputting means for producing an original data:
signal prior to the multiplexing from the signal
supplied from said data extractor and the oscillating
signal supplied'from said oscillator.

Preferred features and advantages of the present
invention will become apparent from the following detailed
description of the preferred embodiment, taken in conjunction
with the accompanying drawings, throughout which like reference
numerals designate like elements and parts.

Brief Description of the Drawings

Fig. 1 is a block diagram showing an illustrative
embodiment of a digital signal transmitting system according to
the present invention;

Fig. 2 1is a front view showing an example of a
receiving terminal according to the present invention;

Fig. 3 is an explanatory diagram showing an example of
a frame format used in the digital signal transmitting system
according to the present invention;

Fig. 4 is an explanatory diagram showing an example of
a service bit used in the digital data transmitting system of the
present invention; '

Fig. 5 is a circuit block diagram showing a main
portion of digital signal modulator and demodulator sections of
the present invention; and

Figs. 6 and 7 are data tables for explaining time-
division multiplexing of one block of data and demultiplexing of
the same according to the present invention.
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Description of the Preferred Embodiments

Now, an embodiment of a digital data transmitting
iystem according to the present invention will hereinafter be
described with reference to the accompanying drawings.

In the following, it will be explained that the
digital data transmitting system of the present embodiment is
used in a digital multi-media service system (hereinafter
simply called "the DMS system") as shown in Fig. 1.

This DMS system is provided in its CATV center A
with a transmitter 1 in which a variety of data signals for
computer, digital audio data, and so on delivered thereto are
time-division multiplexed by a method, described hereinafter,
and then the multiplexed digital signal is modulated to form a
signal in a band width corresponding to one channel portion of
a television broadcasting signal to be supplied to a mixer 5.
The mixer 5 mixes television broadcasting signals in a
plurality of channels with the digital multiplexed signals, by
changing a carrier of the digital multiplexed signals, and
supplies the mixed signal to a plurality of tuners 6a, 6b, 6c
... provided in the CATV center A. A separate one of the
tuners 6a, 6b, 6¢c ... is provided for each, e.g. user who
contracts to use the CATV system. Each of the tuners 6a,
6b, 6¢c ... is informed of a channel to be selected by a
selection signal supplied thereto from a receiving terminal B,
described hereinafter. In each of the tuners 6a, 6b, 6c ..:;
a signal of the selected channel is demodulated to a
demodulated signal of a base band and then, the demodulated
signal is supplied to each of a plurality of opto-electric
converters (O/E converters) 7a, 7b, 7c¢ ... corresponding to
the tuners 6a, 6b, 6c .... There, the demodulated signal is
converted into an optical signal which in turn is supplied to
each of a plurality of opto-electric converters 9a, 9b, %¢ ...
provided in the receiving terminal, of e.g. each family,
through each of a plurality of bi-directionally communicable
optical fiber cables 8a, 8b, 8c .... Assuming that the
opto-electric converter 9c is provided e.g. in a receiving

terminal B in a home, the O/E converter 9c is co=nnected with a
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main receiver 10 in the receiving terminal B sc¢ that the main
receiver 10 is supplied with the electric demodulated signal
converted from the opticai Signal by the O/E converter 9c.
The main receiver 10 has a front panel constructed as shown
e.g. in Fig. 2. The main receiver 10 delivers the demodulated
signal supplied thereto either directly to a TV adaptor 1l0a or
to output terminals 10b - 10f respectively connected to a
variety of reproducers, described hereinafter. The signal is
subjected to a predetermined processing as well as to a first
sub receiver 11 and a second sub receiver 12 which are
serially connected with each other in this order.

A received channel selection can be made by the main
receiver 10 or a remote controller 1l0R which transmits a
control signal to the main receiver 10. A receiving channel
selection signal is supplied from the main receiver 10 to the
tuner 6c in the CATV center A through a reverse path, that is,
through the opto-electric converter 9c,; the optical fiber
cable 8c and the opto-electric converter 7c. The tuner 6c
demodulates, in response to the selection signal, only the
signal of a desired channel from signals of a plurality of
channels supplied from the mixer 5 and supplies the same to
the main receiver 10 in the receiver terminal B.

When the signal supplied is a demodulated signal of
a television broadcasting channel, the main receiver 10
supplies the demodulated signal without modification to the TV
adaptor 1l0a. The TV adaptor 1l0a in turn adjusts the supplied

- signal and then supplies the adjusted signal to a TV receiver

30

35

13, whereby a television program is displayed on the screen
thereof. '

On the other hand, when the signal supplied is a
demodulated signal of a channel of digital multiplexed
signals, the main receiver 10 effects a predetérmined signal
processing, described hereinafter, and thereafter supplies the
processed signal, that is, a digital audio signal or data
signal to one of the terminals 10b - 10f.
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The digital multiplexed signal is delivered from the
CATV center A under the control of a system controller 3
provided in the transmitter 1. Data delivered to a data
exchanger 2, that is, a signal representative of a digitized
still video image supplied to a terminal 2a, a computer data
signal supplied to a terminal 2b, a data signal such as that
produced by a computer game software or the like supplied to a
terminal 2c, a facsimile data signal supplied to a terminal
2d, or the like, is converted into a signal suitable to be
arranged in a format, later referred to, under control the
system controller 3. The converted data signal is supplied to
a data transmitter 4. Also supplied to the data transmitter 4
are data reproduced from a CD ROM by a CD ROM player 4b, a
two-channel stereo digital audio signal (a l6-bit signal
adapted to a CD standard or the like) from a terminal 4c, and
a monaural digital audio signal (a non-linear modulated 8-bit
signal) from a terminal 4d4. Each of the respective supplied
signals is multiplexed by the data transmitter 4, in a format
described hereinafter, in response to an instruction from the
system controller 3, as a digital multiplexed signal and is
then modulated by a modulator 4a to a signal in a band width
corresponding to one channel portion of television
broadcasting signals. In this multiplexing process,
mode-associated data and special information are multiplexed.
The modulated digital multiplexed signal is supplied to the
mixer .5 to generate a CATV signal by modulating the digital
multiplexed signal in a predetermined channel, the CATV signal
being transmitted to the tuners 6a, ... in the CATV center A.

When a channel corresponding to the digital
multiplexed signal transmitted in the above described manner
is selected e.g. by the tuner 6c in response to the selection
signal delivered from the receiving terminal B, the
demodulated signal of the digital multiplexed signal is
supplied to the main receiver 10 of the receiving terminal B.
When the digital multiplexed signal is supplied to the main
receiver 10, e.g. in response to signals indicative of the

signal mode and identification information contained in the
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digital mulg}plexed signal, signals indicative of the mode of
the supplied signal and identification information are
supplied to the terminal 1l0e so as to display, the mode of the
supplied signal and identification information e.g., on the
screen of a monitoring apparatus connected to the terminal
l0e. Then, the operator, following the display on the screen
of the monitor, operates the front panel cf the main receiver
10 or the remote controller 1l0R to select desired data from
the digital multiplexed signals and to supply the same to one
of the output terminals 10b - 10f, corresponding to the
selected data.

To be specific, if e.g. a digital audio signal or
digital voice signal is selected, the terminal 10b connected
to a stereo reproducer is supplied with a digital audio signal
or a digital voice signal. If data reproduced from the CD ROM
is selected, the terminal 10c connected to a CD ROM data
decoder is supplied with the reproduced data of the CD ROM.

If a facsimile data signal is selected, the terminal 104
connected to a facsimile apparatus is supplied with the
facsimile data signal. 1f a signal representative of a still
video image is selected, the terminal 10e connected to the
monitoring apparatus is supplied with the still video image

signal. If a computer data signal is selected, the terminal

10f connected to a personal computer is supplied with the

computer data signal.

The DMS system is thus constituted, wherein each
apparatus provided in the receiving terminal B is supplied
with a television broadcasting signal or a digital data signal
from the CATV centexr A through the optical transmission line.

Reference is next made as to a format of digital
data signal supplied from the CATV center A to the receiving
terminal B through the above described DMS system.

Fig. 3 roughly shows a format of a digital data
signal according to the present embodiment. The format is
formed of multiple frames, each of which has a capacity of 168
bits of binary coded signals, that is, H (High) or L (Low).

The cyclic period of one frame is determined as 1/44.4 kHz,
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which is expressed as approximately 22.7 g sec in transmitting
speed. As sliown in Fig. 3, one multi-frame is formed of 4
frames, and one super-frame is formed of 64 multi-frames.
Further, one multi-super-frame is formed of 5 super-frames.
Therefore, it takes 29 msec to transmit one multi-super-frame.
1t is assumed that one multi-super-frame is a transmission
unit and no mode change is allowed within each
multi-super-frame. The mode selection will be explained later
in detail.

In each frame, there are arranged from its head an
8-bit frame synchronizing signal (FS), a 4-bit service bit
(SB) and a 156-bit data word. The 156-bit data word is
arranged in a manner that 4 different data programs #1 - #4
are time-division multiplexed and transmitted one bit at a
time in turn. To be specific, in the 156-bit data word there
are allocated from its head the first bit of the program #1,
the first bit of the program #2, the first bit of the program
#3, the first bit of the program #4, the second bit of the
program #1, and so on in this order. One frame accommodates
32 bits of each of the respective programs #1 - #4. The first
frame arranged at the head of one super-frame has a
super-frame synchronizing signal (SFS) in place of the frame
synchronizing signal.

It is assumed hereinafter that data to be
transmitted in the present embodiment is data for a computer
or the like, and l6-bit digital stereo audio signals as an
audio signal and 8-bit digital monaural voice signals as a
voice signal. Therefore, one channel portion of the audio
signal, which is formed of 32 bits, i.e. 16 bits for each of
the right and left channels, can be accommodated in one
program of 39 bits, so that on2 channel portion of the audio
signal can be transmitted in one frame. One channel portion
of the voice signal is formed of 8 bits, so that 4 channel
portions thereof can be accommodated in the 39-bit program and
transmitted at one time. A data signal for a computer or the
like, that is, a signal processed by the data exchanger 2 in

Fig. 1, ras a quantity of data transmitted at one time which
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varies according to the service speed. If fo represents the
service speed (11.025 kHz) at which one bit is transmitted per
one multi-frame, the service speed can be selected from fO’
2f0,‘4f0, 8f0, 16f0, 32f0, 64f0, l28f0, 256f0, and so on. If
f0 is selected, 156 channels (kinds) of data can be
transmitted in one program. If 156fO is selected, one channel
(kind) of data can be transmitted in one program. In the data
transmission, each of the data bits in the multi-frame is
designated by a slot ‘number from 1 to 156. A classification
of data contained in each slot-numbered data bit is shown as
data information of the service bit, described hereinafter.

The content of data thus transmitted is shown by the
4-bit service bit of each frame. The service bit is
constructed at every multi-super-frame as a block unit, as
shown in Fig. 4. To be specific, Fig. 4 shows the service
bits extracted from transmitted signals contained in one
multi-super-frame. One multi-super-frame has a total of 5120
bits of service bits, and therefore one super-frame has 1024
bits of service bits. Specifically, the service bit shown in
Fig. 4 is constructed as follows: From the head of each
super-frame there are placed a 4-bit multi-super-frame
synchronizing signal MSFS, a 12-bit program (PGM) mode signal
and 1008-bit data information signal in this order. The
super-frame located at the head of each multi-super-frame has
the MFS signal, the 4 bits of which are all set at H level.
The 4 bits of the MSFS signal of other super—framés are all
set at L level. The 12-bit PRG mode signal is divided by 3
bits into 4 portions which respectively correspond to the
channels #1 - #4. Each 3-bit portioh is used to designate
information corresponding to a program data mode as shown in
Table 1.
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TABLE 1
Mode Bit Pattern Program No. Mode Information
511 L L L 1 -4 l6-hit Stereo Audio Signal
of CD (Emphasis Off)
2 L L H 1 - 4 16-bit Stereo Audio Signal
of CD (Emphasis On)
3 L H L 1 -4 16-bit Digital Audio Signal
10 (Emphasis Off)
4 H L L 1, 2 156 bits/1l Multi-frame Data
Signal
3, 4 8-bit Digital Monaural
Voice Signal
ec. 1515 H L H 1 -4 Data Signal of CD ROM
Pt B B L 1 -4 Non Data
¢ e
¢ Tcec

A There are 6 transmission modes Mode 1 - Mode 6
., available in the present embodiment. Mode 1 shows that a
20 program is a 1l6-bit stereo digital audio signal reproduced
from a compact disk (CD) without emphasis (emphasis off).
Mode 2 shows that a program is a 16-bit stereo digital audio
HA signal reproduced from a CD with emphasis (emphasis on). Mode
‘... 3 shows that a program is a digital audio signal converted
25 from an analog signal, equivalent to a digital audio signal
2, reproduced from a CD.. Mode 5 shows that a program is a data
signal read from a CD ROM. Mode 6 shows that there is no data
in the concerned program. Mode 4 shows different information
a0, according to the program number. - When the program #1 or #2 is
e 30 concerned, it shows that the data transmitted is a data signal
of 39 bits per frame (156 slots as a block unit of one
multi-frame) processed by the data exchanger 2 appearing in
Fig. 2. When the program #3 or #4 is concerned, it shows that
the data transmitted are 4 channel portions of the 8-bit

35 monaural voice signal.
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A slot information portion of 1008 bits is divided
into 63 slots (1l slot = 16 bits) at every multi-super-frame.
Thus, one multi-super-frame can show 315 slots. However, the
last 3 slots (48 bits) are left unused, so that actually 312
slots are shown by one multi-super-frame. The former half of
the 312 slots, i.e. 156 slots correspond to the slot numbers 1
- 156 of data bits contained in the program #1, and the latter
156 slots correspond to the slot numbers 1 - 156 of data bits
contained in the program #2. The first 8 bits of each slot
constitutes address data (slot data) 0 - 255 which indicates
to which service the data bit corresponding to each slot
belongs. When the address data has a value "O", it means that
the corresponding data bit has no signal. The last 8 bits of
each slot constitute password data 0 - 255 indicative of a
password of the data bit corresponding to each slot. Each of
the receiving terminals has a password previously determined
at the time of contract and can exclusively receive data
transmitted with its associated password. = When the password
has a wvalue "O", it means that the data can be received by all
of the receiving terminals without restriction.

The format of the signals transmitted from the
transmitter 1 is constituted as described above.

Reference is next made as to how the receiving
terminal B of the DMS system as shown in Fig. 1 receives
transmitted data arranged in the above described format.

First, a digital data signal to be received is
selected from those transmitted from the transmitter 1 by the
main receiver 10 of the receiving terminal B (or the remote
controller 1l0R). To be specific, a transmission channel of a
desired digital data signal is selected from CATV broadcasting
channels by operating channel selection switches 101 arranged
in a ten-key pad on the front panel of the main receiver 10,
as shown in Fig. 2. Then, the selected digital data signal is
demodulated by the tuner 6c and the demodulated digital data

signal is supplied to the main receiver 10.
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The digital signal has 4 programs #1 - #4 from which
the operator selects a desired one by operating program
selection switches 102a - 102d. The main receiver 10
determines the mode information of the service bit contained
in the selected digital data signal and indicates the mode of
the selected program by lighting one of the indicator lamps
103a - 103c.  If the program is of the audio signal mode
(coming under modes 1, 2, 3 in Table 1), the indicator lamp
103a is lit. If the program is of the monaural voice signal
mode (coming under mode 4 for programs #3 and #4 in Table 1),
the indicator lamp 103b is lit. Further, if the program is of
the data signal mode (coming under mode 4 for programs #1 and
#2 or mode 5 for all the programs in Table 1) the indicator
lamp 103c is 1lit.

When the selected program is an audio signal, the
audio signal only is extracted from the program and supplied
from the main receiver 10 to the terminal 10b connected to a
stereo reproducer.

When the selected program is a voice signal, since
one program has 4 channels of signals, the operator selects a
desired channel by operating 4 voice channel selection
switches 104a - 104d, whereby only the voice signal of the
selected channel is extracted and supplied from the main
receiver 10 to the terminal 10b.

When the selected channel is a data signal (except
for signals reproduced from a CD ROM), since one program
possibly has maximum of 156 channels dependent on the data
transmission speed, the operator selects a desired one by
operating the channel selection keys 10l. It should be noted
in this case that e.g. a data channel selection switch 10la is
also used so as to distinguish the data channel selection from
the transmission channel selection. After the above
operation; it is determined whether or not the particular
selected data channel exists, by checking the service bit of
the selected data channel as well as whether or not the
concerned data channel has a contract password and therefore

can be received by the receiving terminal B by detecting the
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password of the data channel. If the results of the two
determinations are both affirmative, a service indicator lamp
105 is lit to inform the operator that the selected data
channel is receivable. Then, only the data signal of the
selected channel is extracted and supplied to one of the
terminals 10d - 10f respectively connected to an apparatus
such as a computer or the like which needs data.

When the selected program is a signal reproduced
from a CD ROM, only the signal reproduced from the CD ROM is
extracted and supplied to the terminal 10c connected to the CD
ROM decoder.

According to the present embodiment, the wmain
receiver 10 can select the program, and the channel of the
digital data signal and supply the selected data to the
associated apparatus, as explained above.

Next, reference is made as to how data to be
transmitted is arranged in the format shown in Fig. 3.

Fig. 5 shows a transmitting section which arranges a
data signal in the format shown in Fig. 3 and transmits the
formatted data signal, and a receiving section which receives
the transmitted signal. In Fig. 5, reference numberals 4la,
41b, ... 41z respectively designate terminals which are
supplied with digital data signals from the aforementioned
data exchanger 2, CD ROM player 4b and so on appearing in Fig.
1. The digital data signals supplied to the terminals 4la,
41b, ... 4lz are next supplied to a data block time-division
multiplexing section 4e arranged in the data transmitter 4 in
Fig. 1. When a digital data signal is supplied to the
time~division multiplexing section 4e, if the clock frequency
of the supplied digital data signal is not adequate to the
formatting, the digital data signal is resampled so as to have
a frequency adaptable to the data block frequency (11.025
kHz) .

The data block time-division multiplexing section 4e
time-divisions multiplexes digital data signal supplied to the
terminals 4la, 4lb, ... 41z under control the system

controller 3 in response to an input operation effected on a
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kéyboard 3a. The signals which are first multiplexed are the
respective programs #1 - #4 in the data section, in the
format shown in Fig. 3. 1In other words, a 156-bit data block
formed of all program data contained in one multi-frame is
multiplexed. |

Let it be assumed, for facilitating the explanation
of the present embodiment, that one data block has 8 bits.
For illuétrations, let digital data A be supplied to the
terminal 4la at service speed 3f0, digital data B be supplied
0 and digital data C be
supplied to the terminal 41lc at service speed lfO' as shown in

to the terminal 41b at service speed 4f

Fig. 1. ' The data block time-division multiplexing section 4e
delivers to its data output terminal 4e' an 8-bit signal
formed by time-division multiplexing 3 bits of the data A, 4
bits of the data B and 1 bit of the data C at every data
block. Each data block signal thus multiplexed and delivered
to the terminal 4e' is supplied to a synchronizing bit and
service bit adding section 4f wherein the aforementioned
synchronizing bit and service bit are added to the multiplexed
data block under control of the system controller 3. Then,
the digital data sighal formatted as shown in Fig. 3 is
supplied to the modulator 4a from which the signal is
delivered to a transmission line (the transmission line in the
CATV center A).

The transmitted signal, after being demodulated by a
demodulator 61 provided in each of the tuners 6a, 6b, 6c ...,
is supplied to a synchronizing bit detector 10g provided in
the main receiver 10 of the receiving terminal B. In the
synchronizing bit detector 10g, the service bit is extracted
from the transmitted signal and supplied to a service bit
detector 10h wherein the information contained in the service
bit is analyzed and then supplied to a controller 10i. If the
service bit Cbntained in a transmitted signal and having the
aforementioned time-division multiplexed data block as shown
in Fig. 6 is analyzed, the service bit slot information as
shown in Fig. 7A is obtained by the analysis carried out by

the service bit detector 10h. The slot information is
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supplied to the controller 10i. Then, the transmitted signal

is supplied from the synchronizing bit detector 10g to a data

extractor 10j wherein the required slot data is extracted
according'to a command from the controller 10i. If the
channel selection switches 101 on the front panel of the main
receiver 10 are operated so as to extract the data B from a
data block as shown in Fig. 7C, a data extracting pattern as
shown in Fig. 7B for extracting only the data B is generated
by the controller 10i in response to the slot information as
shown in Fig. 7A. The data extracting pattern is supplied to
the data extractor 10j to thereby obtain the extracted data as
shown in Fig. 7D which exclusively has the data B.. The
extracted data is then supplied to a data output section. 101l.
The controller 10i supplies a PLL circuit 10k with
an oscillation control signal on the basis of the service bit
information of the data B, whereby an oscillating signal is
generated by the PLL circuit 10k and supplied to the data
output section 101, under control of the controller 10i. To
be specific, the service speed of the data B (4f0:in this
case) is first detected on the basis of the service bit
information, the PLL circuit 10k is commanded to oscillate an
0’ and the data B
obtained at the data output section 101 is converted into a

oscillating signal having the frequency 4f

signal having the service speed 4f0, as shown in Fig. 7E,

whiozh is delivered to an output terminal 10m. Then, the

output signel is supplied to one of the terminals 104 - 10f in
the receiving terminal B which is connected to an apparatus
which needs the output signal.

' - Thus, the time-division multiplexing of data in the
format shown in Fig. 3 and decoding from the formatted data
are carried out as described above.

‘ The relationship between the. above data block  and
the service speed £, at which on bit is transmitted per one
multi-frame is as follows:

i
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If the transmission rate of data is determined as
nfO (n=1, 2, 3 ... N), the data block is represented by M bits
(M2> N) and the transmission cyclic period of data block is
represented by K/fO (K is an integer). (For example, M = 156

5 bits, Foy = 11.025 kHz (multi-frame frequency)).

As described above, according to the present
invention, it is possible to multiplex data in a data block
which is arranged in a predetermined format and efficiently to
use the data block by time-division multiplexing the data to

10 be transmitted in the format shown in Fig. 3, and separating
the multiplexed data. Therefor, it is also possible to
transmit a variety of information with a relatively small
transmission capacity. If data to be transmitted is
re-sampled at a sampling frequency higher (e.g. 10 times

15 higher) than the original bit rate clock frequency before

.

multiplexing the same, the data can be transmitted at an
sC e

. arbitrary bit rate, that is, the bit rate clock frequency is

::' not limited.
teee In the above described embodiment, the bit rate
[ 4 <

* ¢ 20 clock frequency is simply determined as nf0 (n =1, 2, 3 ...

~Aan ana

N). However, by determining the data transmission rate as
2mf0 (2“‘2 N) or NfO, the time-division multiplexing of data,
and the separation of each data signal from the multiplexed
data can be easily effected. For example, if it is assumed
25 that a data block has a length of 8 bits, the bit rate clock
S, frequency is limited to 2f0, 4f0 and 8f0. When the bit rate

nn

clock frequency is 8f0, every slot -of the data block is
o s successively used. When 4f0, every other slot is used, and
when 2f0, every fourth slot is used. By thus limiting the bit
30 rate clock frequency, the data bits can be arranged at a
e o s constant distance, and data multiplexing and separation of the
multiplexed data can be easily carried out by a simple
arrangement.
As is clearly understood from the explanation given
35 above, the present invention is advantageous in that a

plurality of the digital data can be efficiently time-division
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multiplexed and transmitted’' so that a variety of digital data
can be transmitted with a relatively small transmission
capacity.

The above description is of the preferred embodiment
of the invention, but it will be apparent that many
modifications and variations could be effected by one skilled
in the art, without departing from the spirit or scope of the
novel concepts of the invention so that the scope of the

invention should be determined by the appended claims only.



- 19 -
THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A digital signal transmitting system comprising:

a plurality of digital signal reproducers, each outputting
a digital signal to be time-division multiplexed:

a digital data signal multiplexer connected to receive a
frame synchronizing signal, a service bit signal and
the output signals of said plurality of digital signal
reproducers, for producing a Dblock data signal
including said frame synchronizing signal, said service
bit signal and a plurality of slot data bits arranged
with said digital data signals, said block data signal
being arranged within a multi-frame, in which said
service bit signal is indicative of the transmission
mode; and

means for modulating the output of said digital data signal
multiplexer so as to transmit the same through a
transmission line with plural channel signals;

a plurality of tuners, each being supplied with said channel
signals, means for demodulating a selected one channel;
and

means for transmitting the demodulated multiplexed digital
signal through an optical fibre cable to a
corresponding receiver terminal, said receiver terminal
including:

(a) a frame synchronizing signal detector for detecting the
frame synchronizing signal from said block data signal;

(b) a service bit detector for detecting the service bit
signals from said block data signal;

(c) a controller supplied with the slot data  from the
output: of said service bit detector and for producing
a data extracting pattern in résponse to said slot
data; and '

(d) a data extractor supplied with the data extracting
pattern so ds to produce a predetermined digital data
signal.

2. A digital signal transmitting system according to claim
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1, in which said transmission mode is selected to transmit
selected signals from the group including stereo digital audio
signals, a combination of digital data with monaural digital
audio signals, and all digital data signals.
3. A digital signal transmitting system according to claim
2, including means for detecting selected signals which are
ster2o digital audio signals to identify & characteristic
thereof.
4, A digital signal transmitting system according to claim
1, in which the transmission rate of said block data signal is
selected to be n.f; where n=1, 2, 3...N, N is equal to the
maximum data slot number in said multi-frame, and f, is the
frequency of said multi-frame.

« ... ..5. B A digital signal transmitting system according to claim

fee 1, in which the transmission rate of said block data signal is

-

tex selected to be 2m.fo; wherein 2" N, N is equal to the maximum

U mam emaa

‘,fi data slot number in said multi-frame, and f, is the frequency of
said multi-frame.
6. A digital signal transmitting system according to claim
1, in which said service bit signal of a multi-super-frame, which
includes a plurality of super-frames consisting of a plurality
of said multi-frames, comprises a block service bit signal.

et 7. A digital signal transmitting system according to claim

¢ o 6, in which the slot data to be transmitted with a plurality of

L
¢« s

data signals are multiplexed within said block data signal.

8. A digital signal transmitting system according to claim
1, wherein said modulator modulates the multiplexed digital
ettt signal from said digital signal multiplexer on a carrier of a
. 0, CATV channel, and means for mixing said modulated carrier with
other modulated CATV carrier signals.

o e 9. In a digital signal transmitting system comprising a
plurality of digital signal reproducers, a digital data signal
multiplexer supplied with the output of said digital signal
reproducers so as to produce a block data signal including a
time—diVision multiplexed signal thereof with a frame
synchronizing signal and a service bit signal indicative of the

—

//2§RAL% multiplexed signal arrangement and the respective digital signal
N
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speed, modulating means for modulating the output of said digital
data signal multiplexer for transmitting the same through a
transmission line, and receiving terminals for demodulating the
multiplexed digital signal received through said transmission
line, said receiving terminals comprising;

a frame synchronizing signal detector for detecting -Lhe
frame synchronizing signal from said block data signal;

a service bit detector for detecting the service bit signal
from said block data signal in cooperation with said
frame synchronizing signal;

a controller supplied with the output of said service bit
detector for producing a data extracting pattern in
response to said service bit signal indicative of the
multiplexed signal arrangement and for producing a
signal indicative of the speed of the signal to be
extracted;

a data extractor supplied with said data extracting pattern
for extracting a predetermined digital signal from said
multiplexed digital signal;

an oscillator supplied with said speed indicating signal for
producing an oscillating signal with a frequency
corresponding to the speed indicating signal used for

Lo adjusting the bit timing to extract said predetermined

¢ so digital signal; and

’ a data outputting means for producing an original data
signal prior to the multiplexing from the signal
supplied from said data extractor and the oscillating

® signal supplied from said oscillator.

. DATED this 12th day of December, 1989

NIPPON TELEGRAPH AND TELEPHONE

CORPORATION and SONY CORPORATION
By their Patent Attorneys

GRIFFITH HACK & CO.
Fellows Institute of Patent
Attorneys of Australia
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