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TWO-WAY INFORMATION TRANSMISSION SYSTEM, TWO-WAY

INFORMATION TRANSMISSION METHOD, AND

SUBSCRIBER TERMINAL DEVICE

BACKGROUND OF THE INVENTION

Field of the Invention

'J.‘liis invention relates to a two-way information.
transmission system such as video on-demand system and
information on-demand systemusing a communication network
such as cable television network.
| Description of Related Art

Not only usuai analog broadcasting service but also
video on-demand, home shopping, and television game
service utilizing a two-way cable television network have
been recently planned.

One method for realizing such services is a method
in which a digital information transmission band‘ is
provided, for example, in the transmission band of the
television network séparately from the band for analog
broadcasting service. In detail, for example in the case
of video on-demand system, a user transmits a demand signal
(transmission request signal) of the video on-demand to
a cable telev‘isiﬁn station where a video program storing
sending system called video server is installed using a
portion of the digital inforinﬁtion transmission band.

Upon receiving the demand signal from the user, the cable
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television station takes out the program requested by the

user from the video server, and provides it to the
requestiné user in real time using a band other than that
for the above-mentioned demand signal in the above-
mentioned digital infomati:on transmission band.

One of such video on-demand systems is introduced
in a journal "Nikkei Electronics® issued May 23, 1994 on
pages 82 to 89. |

This example involves a hybrid network system
comprising combined optical fiber and coaxial cable, the
optical fiber connects from the cable television station
to an optical fiber node, the optical fiber node performs
photoelectric conversion, and the coaxial cable connects
from the optical fiber node to a subscriber terminal called
as set top box installed in the user home. Assuming that
16 optical fiber nodes are provided and the maximum number
of subscribers connectable to a coaxial cable is 500, then
one cable television station can supply to 8000
subscribers.

In assignment of transmission band of the cable
television, This video on-demand system assigns the band
range from 50 MHz to 723 MHz to. a transmission band for
going~down from the cable television station to a
subscriber terminal of a subscriber, and the band range
from 900 MHz to 1 GHz to a transmission band for going-up

from a subscriber terminal to the cable television station,
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further, a transmission band between 50 MHz to 450 MHz out

of the going-down_ transmission band is used for the
existing analog broadcasting service and a transmission
band between 500 MHz to 708 MHz is used for digital
transmission band. and the residual transmission band
ranging from 450 MHz to 500 MHz is spare as shown in Fig.
1.

At most 15 digital transmission channels with a band
width of 12 MHz can be provided in the digital information
transmission band ranging from 500 MHz to 708 MHz.
Assuming that the transmission speed per one channel is
45 M bits/sec and, fc;r example, the coding speed of video
data is 4 M bits/sec, video data can be supplied to about
10 subscribers by way of a channel with the transmission
speed of 45 M bits/sec in real time.

Assuming that the proportion of requesting

subscribers for demand to 500 subscribers is 25% in the

busy time called as prime time, it is required to supply
to 125 subscribers, and one channel caﬁ supply to 10
subscribers, therefore 15 channels can supply to 150
subscribers and thus the requirement is satisfied.

In the case of this example, the control channel is
assigned near the frequency of 500 MHz, and the going-
down channel-to be used for supplying a video program data
desired by a user through demand is informed to the set -

top box using this control channel. The set top box fetches
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only a desired going-down data in the cable television

station based on the data of the control channel, and
functions to display it on a television. The transmission
spe.ed.of. the control channel is 1.5 M bits/sec, and 45
channels and 1 channel are for going-up and for going-
down respectively.

Fig. 2 shows how the transmission capacity of
going-down line is allocated to respective subscribers,
the left half of the figure shows so-called prime time and
the right half shows the midnight time' zone.

In Fig. 2, the top half shows the trans_missio'nl
channels for analog televisj.on broadcasting service, each
long rectangle represents one analog television program
PGa. In this case, 50 channels of analog television
broadcasting service are possible to be transmitted if one
channel has a band width of 6 MHz. Each subscriber can
_ select and view a desired program :Er6m programs be_ing
broadcasted by way of analog channels any time.

The bottom half of Fig. 2 shows the digital
information channels for vided on-demand, an arrow Tdm
represents a demand generating time point from a user, and
a long rectangle represenf:s a one digital video program
PGd. In response to a demand from a user, one channel is
occupied by the user for a time of the service.

InFig. 2 , rating is high for the analogbroadcasting

program and also demand generation rating is high for the
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digital video program in prime time, on the other hand,

rating is low for the analog broadcasting program and also
demand generation rating is low for the digital video
program in midnight. |

As described hereinabove, in the conventional video
on-demand system, video programs are supplied in real time
to all the demands. Therefore, in the time zone like
so-called prime time when many demands are requested from
subscribers, many programs should be transmitted at a time
as shown in the left side of Fig. 2.

For construction of a video on-demand system, the

network capacity and transmission system are deployed so

" that programs are supplied to subscriber homes as soon as

possible in real time in the busiest time zone when many
demands are requested.

To cope with such situation, the conventional system
is involved in a problem that @ the network capacity

should be large, and @ the scale of video server should

‘be large in order to supply many programs simultaneously

(for example, assuming the number of subscribers is 8000
and 25% of these subscribers request their demand in prime
time, the simultaneous transmission stream are 2000

streams). The capaci.ty investment for enlargement of an
existing facility is required, and an expensive large scale
video server should be introduced, these expenditure can

render the business substantially unprofitable.
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As described herein above, many demands are

generated very frequently in prime time, on the other hand,
a few demand is generated sporadically in the time zone
of early morning and midnight, the problem is inefficient
use of the network facilitf having a large capacity
deployed so as to match -.with.busy demand in prime time,
the capacity utilization ratio is low.

f‘urther, the change of a cable television facility
from existing one-way system to the above-mentioned
two-way system requires the large scale replécement of
infrastructure due to the above-mentioned problem, the
expenditure for such investment is also very heavy and a
problem.

It is the object of the present invention to provide

a two-way information transmission system for solving

problems described herein above.

SUMMARY OF THE INVENTION
In oxder to solve the above-mentioned problem, the

two-way information transmission system of the present
invention is provided with;
‘an information distribution transmission center and
a plurality _of subscriber terminals connected to the
information distribution transmission center through
going-up linés and goiﬁg-down lines, |

in which the subscriber terminal requests an information
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to the information distribution transmission center

through the going-up line, and the information
distribution transmission center transmits the requested
information in response to the request for the
transmission;

the information distribution transmission center having;
transmission planning means for planning a transmission
plan to transmit the information based on an information
distribution transmission request frém the subscriber
terminal,

transmission implementation means for implementing the
transmission of the requested information based on the
transmission plan plarined by the transmission planning
means, and

going-down control data sending means for sending a
going-down coﬁtx:ol data including an information inirolving
.. the transmission implementation plan planned by the

' ﬁransmission '.implemen.t:'ation means 'to the subscriber
terminal which sent the information distribution
transmissioh request before the transmission
implementation means implements the transmission,

the subscriber terminal having;
| disf.ribution transmission request sending means for
sending the information distribution transmission request
including at least information for identifying the demand .

subscriber terminal, information for identifying the
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requested information, and information relating to urgency

of the requested information,

memory means,

transmission plan receiving analysis means for being .

" informed of the transmission plan based on the going-down

control data from the information distribution
transmission center,

information acquisj.tion- means for acquiring the’
information transmitted from the information distribution
transmission center based on the transmission plan and
storing it in the memory means, which information' was

acquired by the transmission plan receiving analysis means,

and

- reading means for reading the information from the memory

means.

In the two-way information transmission system of
the present invention having the structure describe&
herein above, the information distribution transmission
center transmits the information to a subscriber terminél
either inreal time or at a desired delayed time dependently
on a transmission plan planned based on the information
of the information use time desired by the subscriber
included in the transmission request from the subscriber
terminal. The subscriber terminal stores the transmitted
information in the memory meané with a large capacity, and

reads the infaormation at the desired time for use.
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Not all the transmission for transmission requests

is real time transmission, therefore, the number of
immediate real time transmissions is not so many, the
reduced real time transmission allows the transmission
facility scale to be small. The centralization of the
traffic in prime time zone is prevented and the

transmission capacity can be used efficiently.

BRIEF DESCﬁIPTION OF THE DRAWINGS

Fig. 1 is a diagram for describing an example of
transmission frequency band aséignment- in a two-way-
information transmission system.

Fig. 2 is a diagram for illustrating the use of
going-down information transmission. channels in the
conventional video on-demand system.

Fig. 3 is a diagraﬁ for illustrating an example of |
-a network structure of one embodiment of the two-way
information transmission system in accofdance with the
presént inventi;:n.

Fig. 4 is a diagram for illustrating an example of
‘a cable television station structure as an information
transmission ceﬁter in one embodiment of the two-way
informétion transmission system in accordance with the
present invention.

F:‘i.g. 5 is a block diagram for illustrating a éartial

structure of the cable television station facility shown



in Fig. 4. 10

Fig. 6 is a block diagramlfor illustrating an
interchanging equipment in one embodiment of the two-way
information transmission system in accordance with the
present invention.

Fig. 7 is a block diagram for illustrating an
intérchanging equipment in one embodiment of the two-way
information transmission system in accordance with the
present invention.

Fig. 8 is a block diagram for illustrating a
structural example of a subscriber terminal in one
eﬁbodiment 6f the two-way information transmission system
in accordance with the present invention.

Fig. 9 is a block diagram for illustrating a partial
structure of the subscriber terminal shown in'Fig. 8.

Fig. 10 is a functional block diagram of a selected
pori:ion for illustrating one embodiment of the two-way
information traﬁsmission system in.accordance with the
present invention.

Fig. 11 is a diagram for illustrating the use of the
going~down transmission channels in one embodiment of the
two-way information transmission system in accordancewith
the present invention.

Fig. 12 is a flow chart for describing an example
of demand transmission processing from a subscriber

terminal in one embodiment of the two-way information
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transmission system in accordance with the present

invention.

Fig. 13.is a flow chart for describing an example
of demand receiving processing in a cable television
station in one embodiment of the two-wayfinformation

transmission system in accordance with the present

invention. i

Fig. ]_.4 is a flow chart for describing an example
of receiving processing of going-down digital transmis.s ion
data at a subscriber terminal in one embodiment of the
two-way information transmission system in accordancewith

the present invention.

Fié. 15 is a diagram for describing an example of
the network structure in another emﬁodiment of the two-u.ray
information transmission system in agcordanqe with the
present invention.

| .Fig. 16 is a diagram for describing an example of
transmission frequency band assignment in another
embodiment of the two-way information transmission system
in accordance with the present invention.

Fig. 17 is a block diagram for illustratiﬁg a
structural example of a cablc_;. television station in another
embodiment of the two-way information transmission system
in accordance with the present invention.

Fig. 18 is a block diagram for illustrating

structural example of a subscriber terminal in another
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embodiment of the two-way information transmission system

in accordance with the present invention.

DETAILED DESCRIPTION OF T!'IE PREFERRED EMBODIMENTS

Embodiments of the two-way information transmission
system in accordance with the present invention will be
described in detail referring to the drawingsi ?for the
example of video on-deman'd system. The directi;on from a
subscriber to a cable television station is referred to
as going-up, and the inverse direction is referred to as
going-down in the description hereinafter.

Fig. 3 shows the outline of a network structure used
for realizing a video on-demand of an embodiment of the
two-way information transmission system. This example
haé the same structure as that of the‘two-way cable
television system described in the chapter of related art.

The cable television station HE called head end
provides analog television broadcast programs always
during the broadcasting time zone and also video programs
in response to the demand from subscribers and other
programs.

The cable television station HE can cover, for
example, 8000 subscribers as described herein above, 8000
subscribers are divided into 16 sections and each section
covers 500 subscribers MS. One interchange equipment IM

called as optical fiber node (referred to as optical fiber
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node IM hereinafter) is installed for each section. An

optical fiber n'ode IM performs mutual convers_ion between
optical signal and electric signal.

In the case of this embodiment, an optical fiber
cable FB connects between each section and the television
station HE in order to transmit a signal without degrading
in quality across a long distance. In each s§§tign, one
coaxial cable CB is connected to an optical fibér node IM,
and each subscriber MS ié connected to the coaxial cable
through a coaxiai confluent distributor MPX. At most 500
subscribers MS are connectable to one coaxial cable CB as
described hereinbefore.

The cable television station HE has information
éburces including video server, and is connected to an
optical fiber trunk SHW in order to f::tc_h digital
information from the optical fiber trunk SHW and provide
it to the subscribers in asldit%ion to digital data from the
‘digital information source of the cable television station
HE itseif. Further, a parabola antenna AT is provided for
receiving satellite broadcast, and received television
broadcast is supplied to respective subscribérs as analog
television broadcast.

Fig. 4 shows an example of facility components of
the cable television station HE, and in this example, the
facilii:y comprises the above-mentioned analog television

broadcasting facility not shown in Fig. 4, for example
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video server 21 and tape information library system 22 as
a digital information source equipment, high speed ATM
(non-synchronous transfer mode) exchanger 23, HE

controller 24 for controllinq the whole system of the cable
television station HE, and 16 node controllers 25a to. 25p

provided between 16 respective optical fiber cables FB and
ATM exchangers. i,

In this example, the video server 21 obf.ains, for
example, 400 streams as a bit stream of simultaneous
transmission video signal. The coding rate of each bit
streamdata is, for example, 4 Mbits/sec, and, for examplé,
MPEG is used as a data compression system. In this case,
two video servers may be provided as the video server 21
if, for e#ample, simultaneous transmiss io.n streamquantity
is 200 streams. Data VA of each video st:‘:‘eam from the video
server 21 is supplied to ATM exchanger 23.

?he tape j.nformation llibrary system 22 is provided
with a multi-sht;,lf container racl; 225L in which many video
tapes are placed on respectively specified positions, a
plurality of video tape players VRT1 to VIRn, and a
retrieving transferring mechanism (not shown in the
figure) which is successively operated for retrieving in
the horizontal and vertical direction to find out the
position of a requested video tape in the container rack
22L, for fetching the video tape, setting the video tape

into any one of video tape players VTR1 to VIRn to playback
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the video tape, such tape information library system 22

is so-called as cart machine. In this example, 160 video
tape players are deployed. Therefore, the number of bit
streams of the simultaneous Fransmission video signal is
160.

Data VB of the digital video data stream of
'respective video tape players VIRL to VIRn hgs a
transmission rate of, for example, 45 Mbits/sec. Thedata
VB is supplied to the .ATM exchanger.

'The tape infoﬁation library system 22 provides
.programs more and easier than the video server 21.

The HE controller 24 controls the whole cable
television station HE including the control of the video
server 21, control of the tape information library system
22, and control of the ATM exchanger 2‘3, qenerates_ a
going-down coptrol data DM to be t_ransmitted to a
subscriyer and supplies it to the ATM exchanger 23 in
response to an opei:ation input from aﬁ operator to the HE
controller 24 and a éoing-up control data UM (data such
as a demand signal of the video on~-demand) fro:q a subscriber
terminal supplied through the ATM exchanger 23.

Also digital data VC obtained érom the optical fiber
trunk SHW is.supplied to the ATM exchanger 23.

foe ATM exchanger 23 exchanges the above-mentioned
digital data vA, VB, and VC, and going-down control data

DM and divides or gathers them to generate information
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necessary for respective transmission sections. ‘The ATM

exchanger 23 also transfers a going-up control data UM from
a subscriber terminal to the HE controller 24.

Respective 16 node co_ntrollers 25a to 25p receive
the analog television broadcast signal AV and going-down
information from the ATM exchanger 23, and converts them
to a signal having the frequency band previously assigned
and converts an electric signal to light signai, and send
it to the optical fiber FB as described in Fig. 1. The
respective 16 node controllers 25a to 25p: convert a
going-up control data UM from a light signal to electric
signal, and transfer it to the ATM exchanger 23.

Every node controllers 25a to 25p have the same
structure. Fig. 5 is a block diagram for illustrating the
structure of one node controller out gf the node |
controllers 25a to 25p. The opticai fiber FB comprises.
three optical fibers fbl, fb2, and £b3.

The analog television information AV is supplied to
a band pass filter 102 through an input terminal lbl, and
converted to information having a frequency band of 50 MHz
to 450 MHz, and supplied to the electi'ic-to—iight converter
103. |

The analog television information Av is supplied to
the band pass filter 102, converted to an informatién
having a frequency of 50 MHz to 450 MHz, and supplied to

the electric~to-light converter 103. The electric-to-
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light converter 103 converts it to a light signal and sends

it to the optical fiber fbl.

In this example, as shown in the above-mentioned Fig.
1, 15 channels are allocated for the going-down diéital
transmission data of 45 M bits/sec per one channel.
Therefore, the node controller has 15 digital transmission
data input terminals 104, to 104,;,. The ATM exp;langer 23
switches directly the digital data such as video stream
from the tape information library system 22 to any oné of
15 input terminals 104, to 104;; of a node controller
corresponding to the section of the addressee subscriber.

The ATM exchanger 23 switches a digital data of 4
M bits/sec bit stream from the video. server 21 in a manner

that at most 10 streams are multiplexed and allocated to

one channel.
¥ 3

Respeétive 45 M bits/sec digital data transmitted
through the input terminals 1041 to 10415 are supplied to
hexternal QaM '(Quadrature Amplitude Modulation)
modulation circuits 105, to 105,, respectively and
modulated. The output data from the hexternal QAM
modulation circuits 105, to 105,; are converted by the
frequency conversion circuits 106, to 106,, respectively
to signals of 15 channels which are signals of 15 frequency
bands with no superposing each other in the frequency band
ranging from 500 MHz to.708 MHz as shown in Fig. 1. The

output data from the frequency conversion circuits 106,
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to 106,, are supplied to the adding circuit 107 and the

frequency of the data is converted.

A node -controller has an input terminal 110 for
receiving 1.5 M bits/sec going~down control data DM of one
channel. The control data ;)M which passed through the
input terminal 110 is supplied to QPSK (Quardature Phase
Sshift Keying) modulation ciﬁcuit 112 through the
multiplexingcircuit 111, and subjected to QPSKmodulation,
and then suppliéd to.a frequency conversion circuit 113
and converted to a signal of the going-down control channel
near 500 MHz shown in Fig. 1. Subsequently, the signal
is supplied to the adding circuit 107 and subjected tp
frequency multiplexing.

The frequency multiplexed data from the adding
circuit 107 is supplied to the band pass filter 108 and
subjected to band. restriction to a signal in a frequency
band ranging from 500 MHz to 708 MHz, and supplied to the
electric-to-light converter 109. The electric-to-lig.ht.
converter 109 converts it to a light signal, and sends it
to the optical fiber fb2 as a digital transmission data.

The optical fiber fb3 is used foi: the going-up
control channel, a going-up control signal such as é demand
of a subscriber which is QPSK modulated and includes 45
channels by frequency multiplexing is supplied to a
light-to-electric converter 121 through the optical fiber

fb3, and the signal is converted from a light signal to
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an electric signal. The output signal from the light-

to-electric converter 121 is supplied to a band pass filter
122 and subjected to the band restriction, and then only
the going-up control data having a frequency band ranging
from 900 MHz to 972 MHz is ‘fetc.:hed.

The control data from the band pass filter is
supplied to 45 frequency conversion circuits 123, to 123
corresponding to frequency bands of 45 channels and
'subjected to frequency conversion, the frequency converted
data are processed as modulation data for respective
channels. The modulation data for each channel from the
frequenéy conversion circuits 123, to. 123, is demodulated
in a QPSK demodulation circuit 124, to 124, to a control
data of 1.5 M bits/seq. The control data is subjected to
time slicing multiplexin§ in themultiplexing circuit 111,
and it is sent to the aATM exchanéer 23 throﬁgh an output
terminal _12‘5:;_3._._3; §oing-up, control data UM.

‘Next, the structure of the optical fiber node IM is
described. . Fig.. 6 is a bloék diagram of an examéle of anl
optical fiber node.

A light-to-electric converter 201 receives an
analog television signal through the optical fiber fbl for
the analog television broadcast line and converts it to
an electric signal, theréafter supplies it to a band pasé
filter 202. The band pass filter 202 fetchesonly an analog

television signal in a frequency band ranging from 50 MHz
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to 450 MHz from the input signal, and supplies it to an

adding circuit 203.

A light-to-electric converter 204 receives a

going-down digital transmission data of 15 channels

through the optical fiber £b2 and converts it to an electric

signal, and supplies it to a band pass filter 205. The

R 'band pass filter 205 fetches enly a: digx,tal transmiss:.on

data in a frequency band rang:.ng from 500 MHz to 708 MHz
from the input data, and supplies it to the adding circuit
203. | .

The adding circuit 203 adds the analog television
broadcast signal and digital transmission data for
frequency multiplexing, and supplies the frequeacy
multiplexed signal to a band pass filter 207 through an
amplifier 206. The band pass filter 207 performs band

restriction within 50 MHz to 708 MHz frequency band on the

input _signalg ~and thereafter sends 'the fx;equency

multiplexed SLgnal to the coaxial cable CB.

A data sent from a subscriber terminal through the
coaxial cable CB is supplied to a band pass filter 208.
The band pass filter 208 performs band restriction within
900 MHz to 972 MHz on the input data and fetches a going-up
control data, and supplies it to an electric-to-light
converter 210 through an ampl'ifier 209. The electric-
to-light converter 210 converts the going-up control data

to an light signal and sends it to the optical fiber fb3.



Next, a structural exaégle of a coaxial confluent
distributor ﬁpx is described referring to Fig. 7. In -
detail, a going—déwn line data from the coaxial cable CB
of the opticgl fiber node IM side is supplied to a band
‘;ass filter 211. The band bass filter 211 performs band
restriction on the input signal within a Sand ranging from
.50 MHz to 708 MHz, and supplies it to a distributor 212.

Tﬁe distiibutor:iiifégépiieé gﬁgjgbiﬁg;ddwn 1iné
data to a subscriber terminal connected to the coaxial
confluent distributor MPX. Also, the_diétributor 212
suppiies the going-down line.data to a band pass filter.
214 £hrough an amplifier 213; The band pass filter 214
performs band restriction on the going;-down line data for
down-stream subscribers within a frequency band ranging
from 50 MHz to 708 MHz, and sends it to the coaxial cable
CB. | |

Aﬁdata*froﬁ'the down-stream side coaxial cable CB
is supplied to a band p'aés filter 215. Theband pass filter
215 performs band réstriction on the input data within a
frequency band ranging from 900 MHz to 972 MHz to éllow
the going-up contrdl data to pass, and supplies it to a
synthesis circuit 216. The synthesis circuit 216 adds the
going-up control data from down-stream subscribers and the
going-up control data from the subscriber connected to the
coaxial confluent distributor MPX, and supplies the

synthesized data to a band pass filter 218 through an



22 S
amplifier 217. The band pass filter 218 performs band

restriction on the input data within a frequency band
ranging from 900 MHz to 972 MHz and sends it to the up~-stream
coaxial cable CB.

The frequéncy band for control data of respective
subscribexs is previously assigned so as not to overlap
each other in one section.

Next, a structural example of a subscriber terminal
ms provided in a subscriber's house MS is described
referring to Fig. 8 and Fig. 9.

In detail, a going-down channel data from the
coaxial confluent distributor MPX is fed to an input
terminal 301. A going-up control data is sent from an
output terminal 302 to the coaxial confluent distributor
MPX. The coaxial input terminal 301 and coaxial outpuf:
terminal 302 are connected to a demodulation/modulation
nnit:_ |

The demodula£ion/m§ﬁu-1ation unit 303 has the.
structure shc;wh in Fig. 9. In detail, a going-down line
data from the coaxial input terminal is supplied to 5 band
pass filter. 304. The band pass filter 304 extracts an
analog television broadcast signal in a frequency band
ranging from 50 MHz to 450 MHz and supplies it to a frequency
conversion circuit 305.

| The frequency conversion circuit 305, which

corresponds to amixer circuit of a tuner, converts a signal
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of the broadcast program (broadcast channel) selected by

a user out of received analog television broadcast signals
to a signal having a frequency'which can be demodulated
by a subsequent analog television demodulation circuit 306
in response to a channel éellect control signal
corresponding to a channel select operation of the user
supplied from a terminal controller 320 described
hereinafter, and supplies it to an analog television
demodulation circuit 306. The &emodulation circuit 306
supplies the demodulateﬁ telev_ision signal to a television |
through a switch circuit 315 and video output terminal 316
shown in Fig. 8.

Further, a going-down line data from the coaxial
input terminal 501 is supplied to a band pass filter 307.
. The band pass filter 307 extracts é going-down digital data
having a frequency in the band ranging from 500 MHz to 708
MAz and supplies it to.a frequency conversion circuit 3 oé
and frequency conversion circuit 309. o

“'rhe. éreéuency conversion circuit 308 converts only
the signal of the éhannel to which a video program delivered
in rés}_:bnsé -t'o the demand from the demand subscriber
terminal based on a channel select control signal from the
terminal controller 320 to a prescribed .freguency which
can be demodulated. A digital transmission data such as
a video program data addressed to the demand subscriber

terminal from the frequency conversion circuit 308 is
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supplied to a hexternal QAM demodulation circuit 310 and

demodulated. The 45 M bits/sec digital data from the
demodulation circuit 310 is supplied to the de- -
multiplexing circuit 317.

The frequency conversion circuit 309 frequency-
converts the frequency of a control channel data asgigned
previously to the demand subscriber termj.nal to a frequency
which can be demodulated based on a channel select control
signal from the terminal controller 320. Thé going-down
control data from the frequency conversion circuit 309 is
supplied to a QPSK demodulationcircuit 311 and demodulated.
The '1.5 M bits/sec control data from the demodulation
circuit 311 is supplied to the de-multiplexing circuit 317.

A QPSK modulation circuit 312 of the
demodulation/modulation unit 303 receives a going-up
control data, which will be described hereinafter, through
the de?mﬁltiplexing circuit 317, and modulates it, and
supplies it to a frequency conversion circuit 313. The
frequency conversion circuit 313 frequency~-converts the
frequency of the input signal to a £xequency of the control
channel assigned to the demand subscriber terminal in a
frequency band ranging from 900 MHz to 972 MHz. The
going-up control data from the frequency conversion
circuit 313 is sent to the coaxial cable CB' through a band
pass filter 314 for band restriction in 900 MHz to 972 MHz

and through the output terminal 302.



The de-multiplexing ci%guit 317 extracts a 4 M
bits/sec digital transmission data addressed to the demand
subscriber terminal from a 45 M bits/sec output data
supplied from the hexternal QAM demodulation circuit 310
based on the control signal from the terminal controller
320 if the digital trénsmission data is a 4 M bits/sec
immediate real time transmission data, and supplies it to
a digital television signal decoding circuit 319 through
a switch circuit 318.

The digital television s_ighal decoding circuit 319
decodes the digital data and converts it to an analog
television signal, and supplies the analog television
signal to a television throﬁgh the switch circuit' 315 and
video output terminal 316.

The de-multiplexing circuit 317 sends the digital
transmission data which is to be transmitted to the demand
subscriber terminal to the temporary memory means 330 and
stores it temporarily in the case that the digital
transmission data is a delaying transmission data
referring to a control data from the terminal controller
320. 1In thiS'caée, '1l:he t_ie_iaying transmission data may 5e
4 M bits/sec rate or 45 M bits/sec rate as described
hereinafter.

A semiconductor memory 331 which is a data memory
device having a large capacity (about 1 G bits) and high

speed transmission rate, hard disk device 332 (about 10

-
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G bits), or data streamer 333 (about 200 G bits) is used

as the temporary memory means 330.

These temporary memory means 330 stores the digital
transmission data from the multiplexing circuit 317
according to a memory command from the terminal controller
320, and- reads a stored data according to the read command
from the terminal controller and supplies the data to the
digital television signal decoding circuit 319 through the
switch circuit 318.

In this case, as described hereinafter, the terminal

_con'troller 320 determines which memory means is to be
) selected aimong the plurality of memory means of the
temporary memory means 330 as the memory for storing the
going~down digital data dependently on the random access
potential and transmission format (such as data |
transmission rate) of the digital data to be stored which
aré specifiea by the going-~-down control data or determined
by the demand sent .by the demand gubscriber terminal.

For ei:ainple, if the data transmission rate is 4 M
bits/sec and the data has a low random access potential
such as usual video program, then the data is stored in
the data streamer device 333 which uses tapes as the
recording medium, on the other hand, if the data has high
random access potential such as stock market information,
then the data is stored in the hard disk device 332, and

if the data is a transmission data with a data transmission
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rate of 45 M bits/sec, then the data is written in the

semiconductor memory 331 capable of high speed writing,
as described herein, the memory means in which a data is
to be stored is controlled and selected.

The de-multiplexing circuit 317 supplies a
going-down control data from the OPSK demodulation circuit
311 to i:he terminal controller 320 by controlling the
terminal ccﬁtroller 320.

The terminal controller 320 analyzes the going~down
control data fed to the temj.nal controller 320 through
the de-multiplexing circuit 317, and if the control data
is addressed to the demand subscriber terminal, the
terminal controller 320 ge'neraffes various control signals
as described herein above based on the control data. For
example, the terminal controller 320 acquires various
information that wheh thg vj.deo'-.data demanded by the demand
subscriber terminal will be transmitted by way of what
channel out of 15 goipg-down channels in what transmission
format, froxﬁ the received goi-ng-down control data, and
prepares for receiving. The channel select éontrol signal
to the frequency conversion circuit 308, the control signal
fbr multiplexing to the multiplexing circuit 317, and the
select control signal for selecting a memory device in the
temporary memory device 330 which are described herein
above are generated from this going-down control data.

Further, the terminal controller 320 receives an
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operational input by a user through a user interface 321

comprising a remote control device and key operation board,
generates a going-up control data, namely demand signal
of video on~demand, and supplies it to the de-multiplexing
circuit 317. The terminal controller 320 controls the
- whole subscriber terminal ms.

A going-up control data such as video program demand
sent -from the terminal controlier 320 to the de-
multiplexing circuit 317 is supplied successively to the
QPSKmodulationcircuit 312 of the dex;\;)dulation/ﬁodulation
unit 303, frequency conversion‘circuit 313, and band ﬁass
filter 314, modulated as described hereinbefore,
frequency-converted to a signal of the control channel
assigned to the demand subscriber terminall, and sent to
thé cable television station HE.

The de-multiplexing circuit 317 is connected to CATV
telephone terminal (not shown in the figure) through the
terminal 341 and 342, subscribers can communicate with
operators of the cable television station HE.

" The information transmission mechanism and
transmission of a signal in {:he two-way CATV system having
the system structure as described above are described
hereinafter.
<Analog television broadcast> .

Analog television broadcast is transmitted from the

cable television station HE to subscriber terminals ms by
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way of one-way transmission as usual without demand from

subscribers.

When a user wants to view an analog televisioh
broadcast from the cable television station HE, the user
operates channel select operation for selecting an analog
television bfoadcast of the éable television station HE
through fhe user interface 321 of the subscriber terminal
ms. Then, the terminal controller 320 of the subscriber
termihal ms supplies a channel select signal corresponding
to the channel seléct operation of the user to the freqﬁency
conversion circuit 305 of the de.modulationlmoduiation unit
303, and the switch circuit 315 is switche;i to the mode
for selecting an analog television signal from the analog
television demodulation circuiﬁ 306 of the
demodulation/modulation unit 303, and- therel_:j an analog
television signal is supplied from the video output
terminal 316 to a television. Thus the subscriber can view
an analog televis‘ibn broadcast progra_u-n'_Selected by theuser
from the cable iteléviéiqn st;éﬁ:'-.;an.
<Digital information transmission>.

Fig. 3 is a block diagrém; for describing mainly
functions which are performed at the ﬁE controller 24 of
the cable television station HE and the terminal controller
320 of a subscriber terminal ms to transmit digital
information in the s_ystem of the above-mentioned

embodiment in which the cable television station HE and
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! subscriber terminals ms are connected through the going-up

and going-down lines comprising optical fiber and coaxial
cable.

As shown in Fig. 3, the cable television station HE
provided as an information ‘distribution transmission
center is connected to a p].urality of subscriber terminals
ms through the going-up line Cu which is the line for
transmission toward the cable television station and the
going-down line Cd.

The cable television stai_:ion HE comprises functions
of adigital information sou.rce.-l comprising a video server
21 and tape information library system 22, going-down
information signal generator 2 cbmp:;ising an ATM exchanger
23 and node controllers 25a to 25p, information
transmission control means 3 for cpntrolling a digital

. information source 1 and co‘ntroll:i.ﬁg a going-down
information éignal generato:f 2 to control transmission of
an goihg-dt.)wn digital information, transmission planning
means 4, and demand receiving analysis meéns 5. The
informaj:ion transmission control means 3, transmission
planning means .4, and analysis section of the demand
receiving analysis means 5 are realized as functions of
the HE controller 24 (realized by soft ware).

Each subscriber terminal ms is pfovided with a
demand transmission means 11 for sending a demand

(transmission request) to the going-up line Cu, temporary
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memory means 12 having a large capacity, transmission plan

receiving analysis means 13 for receiving a going-down
control data addressed tq the démand subscriber terminal
and analyzing the transmission plan information, and
transmission information receiving control means for
receiving and demodulating a digital transmission data
addressed to the demand subscriber ternii.nal from the
going-down line qd and then supplying the modulated data
to a monitor television not shown in the figure if the data
is requiied to be regenerated in real time, or storing the
received transmission infomation addressed to the demand
subscriber terminal in the temporary memory means 12.
The demand transmission means 11 receives a demand
of a user through the user interfa.ce such as a remote
controller or key board, generates a distribution
transmission signal, and sends it to the going-up line Cu.
A demand signal includes a user ID which is an
identification code of each’ éﬁlgsgiribei, transmission
program specifying information (prbgram identifying data)
for specifying a video program requested for distr_ibqtion,
request time information which is a infomation rélating .
to urgency of the rei;uested'infomation such as the time
when the program is desired to be transmitted or the time
when the subscriber wants to view, and transmission format
specifying information for specifying which format of 4

M bits/sec digital information or 45 M bits/sec digital



information is desired. 32

In this case, the information of the time may be used
as it is as the request time information, howevér in this
embodiment, several classes are defined depending on the
urgency of a request, and the request time information
specifies a class. In detail, @D if a user wants to view
the prograiu immediately, then the program is demanded as
A-class urgency, @ if a user wants to view later, then the
program is demanded as.B—class urgency, and @ if a user
wants to view within a half or one day, then the program
is demanded as C-class urgenc&.

In this emﬁodiment, the going-down digital
information transmission channel includes digital
televiéion broadcast channel, a program of the digital
television broadcast can be viewed without intentional
demand by a subscriber. The class of this digital
television broadcast channel is referred to as D-class
hereinaftei;. | |

In this embodiment, in the 45 MHé)(ls channel
transmission band for the going-down digital transmission
data, the transmission capacity is allocated dynamically
to fhe demand urgency classes dependently on the actual
traffic condition of respective time zones in a day in order
~to use efficiently the transmission capacity.

For example, in prime time zone, the capacity is

allocated as described' hereinunder.
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Transmission to A-class demand: 45 M bits/sec X $ channels

Transmission to B-class demand: 45 M bits/sec X 8 channels
Transmission to C-class demand: No allocation
Transmission to D-class: 45 M bits/sec X 2 channels

In midnight time zone when a few demands are
generated, the capacity is allocated as described herein
under.

Transmission to A-class demand: 45 M bits/sec X 2 channels
Transmission to B-class demand: 45 M bits/sec X 2 channels
Transmission to C-class demand: 45 M.bitslséc X 10 channels
Transmission to D-class: 45 M bifs/sec X 1 channel

It is considered that many demands for video
programs are requested in prime time, no program is
transmitted to C-class demands and more number of channels
is allocated for transmission to A-class ané*fa-class
demands in order to transmit programs with a waiting time
as short as poésible.- |

| Two channels a:.;e.allocated to D-class transmission
in order to provide many digital broadcast programs in
pi:ime time.

On the other hand, it is considered that a fewdemands
for digital televisién broadcast programs is requested in
the midnight time zone and the number of broadcast programs
may be not m'any, the number of transmission channels for
digital television broadcast is reduced by one channel

comparing with the number in prime time zone. It is
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considered that a fewer demands for video programs is

requested in themidnight time zone than in prime time zone,
then the number of channels for transmission to A-class
and B-class demands is reduced, and more transmission
capacity and more channel are allocated to C-class demands
so that C-class demands which have been accepted previously
are transmitted.

An example of the allocation of transmission
capacity for the going-down digital transmission data
allocated as described herein above is shown in Fig. 11.
In Fig. 11, the abscissa represeﬁts the time, and the axis
of ordinate represents the allocation of 15 channel
capacity for the digital transmission data.

An arrow 1 represents a time point of generation
of a distribution transmission request command, and a
section enclosed by a rectangle represents a program.
*For broadcast*® represents the transmission capacity for
digital televiéion brdadcas,t, *real time V. 0. D."
represents the transmission capacity for real time
transmission of A-class demands, "little delay V. O. D"
represents the transmission capacity for digital
information transmission of B-class demands, and "much
delay V. O. D" represents the transmission bapacity for
digital information transmission of C-class demands like

the above-mentioned Fig. 2.

As shown in Fig. 11, no transmission capacity is



allocated f_of transmission of c-3c?1ass demands in prime time.
The allocated channels "real time V. O. D" transmits in
real time in response to a demand, and the allocated channel
"little delay V. 0. D" transmit with a little delay from
a demand with looking for a free channel. The transmission
time of one program can be shorter than the transmission
time by way of the allocated channel to “real time V. O.
D" because of 45 M bits/sec transmission in this case.

In the midnight time zone, more channels are
allocated to "much delay V. 0. D", aﬁd.many programs are
transmitted to the previously éccepted C~class commands
which allows much delay. Accordingly, the midnight-time
zone when usually a little demand is generated is used
efficiently, and the transmission is'performed
efficiently. |
[Generation and transmission of distribution transmission
request signal])

Fig. 12 is a flow chart of routine-for- generation
and transmission of demand signals of video on-demand at
a subscriber terminal.

Upon receiving a command input for sending a
distribution transmission request form a user through the
user interface in the subscriber terminal ms, the
processing routine shown in Fig. 12 starts. 1In detail,
a operational input of a user is received in the step S1,

what class is specified as request time information is -
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judged in the next steps2. 1If Ege request time information
.is A-class, then the process proceeds to the step S3 and
A-class demand signal is generated, then the demand signal
is sent to the going-up line Cu in the step S6.

If the request time information is B-class or C-
class, the précess'proceeds to the step S4, the
specification of transmission format-is judged to be
transmission rate of the transmissién data of 4 M bits/sec
or 45 M bits/sec, and the specification of random access
is judged. Then, the process proceeds to the next step
85, a demand signal including.the judged format, random
access, and urgent class is generated, and the demand
signal is sent to the going-up line Cu in the stép S6.

The distribution trahsmission request demand signal
includes a user ID for identifying the subscriber terminal
and a program.identifying data for identifying a desired
video program as describeq hereinbefore.

[Receiving processing of distribution transmission
request demand] | | |

Fig. 13 ;s a flow chart of processing routine for
receiving a demand signal from a subscriber terminal in
the HE controller 24 of the cable television station HE.

Upon receiving the demand signal sent from a
subscriber tefminal through the going-up line Cu, the
transmission request receiVing analysis meané 5 of the

cable television station HE transfers the request time
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information included in the demand signal to the

transmission planning means 4, and transfers the user ID
and program identifying data to the information
transmission control means 3. (step Sll).

The transmission planﬁing means 4 analyzes the
request time information, and judges which demand class
of A-class, B-class, or C-class is :i.ncl_uded in the request
tixﬁe information included in the demand signal (the step
s12). If the request time information is A-class which
reguests real time transmission, then the transmission
planning means 4 looks for a f.ree going-down line
transmission channel assigned to "for real time V. 0. D"
shown in Fig. 11, and if the transmission planning means
4 finds a free channe_l, then the free channel. is decided
to be a real time transmission channel (the step S13).

Upon receiving this decision, the infoimation
transmission c_ontfol means 3 informs of. thereal time
transmiss.ion channel to the subscriber "whb"sent the_ demand
(the step S14), and extracts the video program sp‘ecifiéd
by the program identifying data frbm the di...git.al.source
1, and performs the real time transmission (the__ step 815).

When, the digital transmission data .'LS fetched from
the video server 21 and transmitted by way of the channel
of the above-mentioned “for real time V. O. D".

If the request time information judged in the step

S12 is B-class and is the transmission request which allows
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a little delay, the transmission planning means 4 looks

for a free channel from the going-down channel “for little
delay V. O. D" in Fig. 11 for B-class, and decides a
transmission time so as to transmit by way of the free
channel (the step §16). .

The transmission planning means 4 informs of the
free channel to be used for the transmission, transmission
time, and above-mentioned analysis result to the
information transmission control means 3. Further, the
transmission planning means analyzes ﬁhe transmission
format information included in f.he demand signal and random
ﬁécess information, and informs of the analysis result to
t;.he information transmission control means 3.

The information transmission control means 3
~ transmits previously the free channel, transmission time
(starting time and ending time), transmission format (4
Mbits/sec transmission rate or 45 M bits/sec transmission
. rate), and random access information to the subscriber who
sent the demand and is specified by the user ID as the
going-down_ information having the user ID headér
information (the step S18), when the time comes to the
transmission time (the step S19), the information |
transmission control means 3 extracts the specified video
program based on the program identifying data included in
the transmission request demand and transmission format

from the video server 21 in the case of the transmission



rate of 4 M bits/sec or from 1:1;!'e9 tape information library
system 22 in the case of the transmission rate of 45 M
bits/sec, and transmits it (the step S20).

If the request time inférmation is determined to be
C-class in the step S12, that is, the transmission request
allows much delay of a half day to one day, the transmission
planning means 4 finds out a free channel from the
_ transﬁission plan of the going-down line channels (("for
much delay V. 0. D) shown in Fig. 11) assigned to the
midnight time zone, and decides a transmission time so as
to transmit by way of the freé channel (the step.817).

Then, the transmission planning means 4 informs the
~ free channel fo be used for the transmiss ion, transmission
time, and above-mentioned analysis result to the
information transmissibn control means 3. Further, the
transmission planning means 4 analyzes the transmission
format information included in the demand signal andl random
access information, and gives the.anélyﬁis result ﬁo the
information transmission éontroi means 3.l

The information transmission control means 3
transmits previously the free channel, transmission time
(starting time and ending time), transmissiqn format (4
M bits/sec tranémission rate or 45 M bits/sec transmission
rate), and random access information to the subscriber who
sent the demand and is specified by the user ID as the

going-down control data having the user ID header



information (the step S18), and4w%en the time comes to the
transmission time (the step S19), the information
transmission control means 3 extracts the specified video
program based on the program identifying data included in
the transmission request demand and transmission format
from the video server 21 in the case of .the transmission
rate of 4 M bits/sec or from the tape information library
system 22 in the case of the transmission rate of 45 M
bits/sec, and transmits it (the step S20).

[Receiving processing of a control data and transmission
data in a subscriber terminal)

Fig. 14 is a flow chart of a processing routine
performed when the terminal controller 320 of a subscriber
terminal receives a going-down control data and
transmission digital data.

. The subscriber terminal receives a control data of
the transmission plan addressed to fhe demand subscriber
.terminal referring to the user ID in the going-down control
data from the going-down line Cd (the step S21), analyzes
it .(the step S22), and judges whether it requires the
immediate real time transmission réferring to the analysis
result (the step $23). The judgment may be based on, for
example, no inclusion of transmission time data in the
going-down control data. Alternately, a class
information or flag which indicates whether it requires

t:he real time transmission or does not is included in the
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going-~-down control data, and the judgment may be performed

based on the class information or flag.

If the judgment result baséd on the analysis shows
the real time transmission, the terminal controller 320
acquires the information of the transmissidn channel, and
supplies a select signal for converting the going-down
digital transﬁission data of the transmission channel to
a data having a frequency band which can be demodulated
to the frequency conversion circuit 308, switches the
switch circuit 318 so as to select 4 M bits/sec data from
the de-multiplexing circuit 31"1, and switches the switch
circuit 315 so as to select the television signal from the
digital television decoding circuit 319 to supply it to
a television through the ‘output terminal 316 (the step
S24).

If the judgment result in the step S23 does not show
an immediate real time transmission, then the terminal
controller 320 recognizes the transmission time,
transmission channel, transmission format, and random
access information based on the analysis result of the
above-mentioned going-down control data, and prepares for
receiving (the step S25). The terminal controller 320
waits for the transmission time of the transmission
information (the step S26), and when the time comes to the
transmission time, the terminal controller 320 supplies

a select signal for converting the going-down digital
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transmission data of the transmission channel to a data

having a frequency band which can be demodulated to the
frequency conversion circuit 308, and starts to receive
the digital transmission data according to the
transmission format (the step S27).

Any one medium which is to be used for storing the
transmission information is selected previously from the.
semiconductor memory, hard disk device, data streamer, and
digital VIR in the temporary memory device 320 according
to the transmission format included in the going-dqwn
control data and random access information (the step 528),
and the received transmission information is stored in the
Selected temporary memory device (the step S29).

In this case, if the transmission format specifies
high speed transmission and_ the semiconductor memory is
selected as the tanpdrary memory means, the transmission
information is transmitted with the high speed
transmission rate of 45 M bits/sec, and the transmission
data is stored in the semiconductor memory 331 which serves
as the temporary memory means as it is high speed
transmission rate.

For example, if the transmission rate of a
compressed digital data is 1.5 M bits/sec and a proéram
is a two-hour program, the program compressed to .45 M
bits/sec rate is transmitted, then the transmission

requires only about 4 minutes, and alternately if the
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transmission rate is 4 M bits/sec, the transmission of a

two-hour program requires only about 11 minutes.

In the case that the transmission date rate is 4 M
bits/sec due to the transmission format, the selection of
a temporaiy memoi'y mans depends on random access, and the
hard disk device is selected for high random access and
the data streamef: device 333 is selected for low random
access as the temporary memory means.

High fee may be applied to the request for low rate
format tra-nsmission in real time, on the othe.r hand, low
feemay be applied to the request for hi.:rgh speed rate because
the transmission time is shoit_. |

As described herein above, the receiving processing
of the transmission information is performed in a
subscriber' terminal. The television signal receivéd in
real time transmiss ion is supplied to a tele&ision without
si:oring in the temporary memory device. Therefore, a user
can view the program with a slight delay from the 'deihaﬁLding;

On the other hand, the video data stored in the
.temporary memory device 330 is regenerated at the arbitrary
time and provided to the subscriber in response to a
regeneration request from the subscriber fhroujh the user
interface 321. In detail, 1.:he subscriber inputs a
regeneration request of the program which was transmitted
with a delay through the user interface 321, the terminal

controller 320 receives the regeneration request, and
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sends a regeneration command to the temporary memory device

in which the video program is stored.

Upon receiving the regeneration command, the
temporary memory device reads the corresponding digital
video data of the program, and supplies it to the digital
television decoding circuit 319 through the switch circuit
318. In this case, the rate of the read digital data is
4 M bits/sec. The video signal from the decoding circuit
319is suﬁplied toa ;.e_levisio_n thfough the output terminal
316, and provided to the user.

For the case that a plurality of video programs is
registered in the temporary memory device due to a
plurality of demands, the terﬁinal controller 320 of a
subscriber terminal ms is provided with a function to
display the ménu of accumulated video programs, the user
can select and view any -progrém from the menu.

In, this embodiment, a program storéd in the
temporary memory device 330 is once regenerated in response
to a regeneration réquest by the user, 1_:hen the brogram
is erased from the corresponding temporary memory device
in response to an erasing command from the terminal
controller 320 to pfcevent the program informaf.ion from
being copied illegally.

In the first embodiment described. herein above, a
user can demand not only the immediate real time

transmission but also the delayed transmission, therefore,
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a user who wants to view the program in prime time zone

can demand for the program to be transmitted during the
midnight ﬁime_ zone and the program is stored in the
temporary memory device, and the user can viéw the demanded
program at the desired time.

The above-mentioned demand-delayed view system
favbrs the demand for immediaté real time transmission in
prime time to decrease. Many types of demand are available
dependent on the urgency classes, therefore, for example,
it is possiﬁle to.aﬁply the lower fee to the demand allowable
of delayed transmission than that to | the demand for
immediate real time transmission, such fee system favors
the demand in prime time to decrease.

Such suppressed generation of the immediate real
time transmission in prime time allows the cable television
station to be provided with a smaller scale facility in
comparison with the conventional cable television station
which transmits programs only in real time.

Transmission capacity of goiﬁg-down digital
transmission data is allocated to an independent plurality’
of transmission channels depending on the information
relating to the urgent class in the demand and many channels
are allocated to the immediate real time transmission in
prime time, on the other hand, many channels are allocated
to the delayed transmission in midnight, such change of

allocation depending on the time zone allows the



transmission capacity to be Jgid efficiently.

In the above-mentioned embodiment, high speed
transmission is possible for delayed transmission in
comparison with real time transmission, and the time
required for transmission of one program is shortened in
comparison with the conventional method, in this aspect
also, the transmission capacity is used efficiently.

| In the above-mentioned first embodiment, allocation
of the number of transmission channels depending on the
information relating to the urgehcy class of the demand
'is changed in the time zone in a day, but the allocation
may be changed dependently on days in a week, or may be
changed_in combination of time zone and week.

In fhe above-mentioned embodiment, the allocation
of transmission channels depending on the information
relating to the urgency class of the demand is changed__
within only the trahsmission cépaéity of'theﬁqoiné;down '
digitél infﬁrmation data, “ buf:, because th'e-auldienée. rate
of analog television broadcast decreases, the transmission
band of analog television broadcast is reduced and the
ré.duced transmission band is used as the transmission band
of digital iﬁformation data.

In this case, a program table including channel
assignment different between prime time and midnight is
prepared for analog television broadcast, and this program

table is transmitted to subscribers previously to inform
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the change of program channel depending on the time zone.

A plurality of data compression systems of digital
transmission data is provided in the cable television
station, for example, depending on requested degree of
resolution, and any one of data compression systems may
be selected by way of the dengahd from a subscriber terminal.
In this case, a plurality of decoders are provided in a
subscriber terminal dependirig on the above-mentioned
plurality of data compression systems, the information
including compression system information in the going-
down control data from the telévision station is sent to
the subscriber termi.nal, and the decoder is switched
dependently on the compression system information.

In the above-mentioned embodiment, B-class demand
is stdred necessarily in the temporary memory nieans, but
because it is possible to display the transmission time
seht from the station on a display of a subscriber terminal
and to inform it to a ﬁser, a mode for.specifying reai time
transmission regéneration for B-class demand wii:hout
storing in the temporary memory means may be provided.

Further in the above-mentioned embodiment, the
teﬁporary memory means is seleéted based on the
transmission format and random access relating information
in the going-down control data in a subscriber terminal,
but alternately a demand signal sent from a subscriber

terminal is stored in the subscriber terminal, and the
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temporary memory means may be selected for the transmitted

transmission data depending 6n the stored demand signal.
In this case, an identification data ID for identifying
the deménd signal may be added in the demand signal to judge
the demand. In this case, the information relating to
tiansmission format and random access ‘is not necessarily
included in the going~down control data. |

{Second embodiment]

‘The second embodiment shows an example in which an
existing CATV cable network is used. In a conventional
CATV cable network, a cable television station is connected
to a plurality of subscriber terminals by way of coaxial
cable, and provides mainly analog television broadcast to
each subscriber terminal by way of coaxial cable.

In the second embodiment, a facility for

transmission of digital data such as video data is added
to a cable £éle§ision statién without change of the
conventional transmission line féciiif.y using coaxial
cable, and a receiving unit for receiving digital data
provided with a large capacity temporary ﬁémqry device is
added to a subscriber térmj.nhl. The public phone network
is used as the going-up line for fransmission of digital
data demand.

Fig. 15 shows the whole network structure of the
embodiment. In a cable television stat_ion 40, an analog

television broadcast signal Va from the above-mentioned
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analog television broadcast facility 401 and digital data

Vb such as digital video data from the digital transmission
data transmission facility 402 are synthesized to genei'ate
a frequency multiplexed signal, and sent to the coaxial
cable CB through a.m amplifier 404.

A plurality of teléphone lines L1 to Ln is connected
to the public phone network PSTN, and a station side
controller 405 for receiving demands from subscribers
through the teléphone lines L1 to Ln and for sending video
programs corresponding to the demand from the digital data
transmission facility 402. |

Also in this emb‘cadimept, the station side controller
405 generates a going-down control data Vc including a user
ID for specifying the addressed subscriber terminal which
receives the ciigital data, program ID, transmission
channel, and transmission time information in order to send
the digital data to the subscriber f‘ermiﬁalvwhich
transmitted the demand, supplies it to :é ,'-léfn::thési..z“e.z;_tloj
to frequency-multiplex the information for ttansm.%.s_sion ‘
of the going-down control dat;a\ Ve, and sends it to a
subsciiber terminal.

Fig. 16 shows the frequency assigrﬁnent of frequency
multiplexed signal for transmitting in the coaxial cable
CB, 50 MHz to 450 MHz frequency band is used for analog
television broadcast signals as it i; used conventionally.

The frequency band around 500 MHz is used for the going~down
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control data having a transmission rate of 1.5 M bits/sec

as it is used in the above-mentioned embodiment. - Two
frequency bands in higher frequency are used for
transmission of ‘ghe going-down digital data having a
transmission rate of 45 M bits/sec. in other words, two
channels are assigned to digital data.

Subscriber terminals 50 are connected to the coaxial
cable CB through coaxial confluent distributors 60 as it
is so connected in the sectional network in the above-
mentioned embodiment. The coaxial confluent distributor
60 comprises an input buffer amplifier 61 for receiving
‘information from the coaxial cable CB connected to the
coaxial confluent distributor connected in front, a
distributor 62 for identifying the signal between a signal
to be distributed to the subscriber terminal connected to
the coaxial coﬁf.luent distributor and a signal to be
distributed to subscriber términals in the down stream,
and ‘an output buffer ampl__i.fi.er 63 for supplying -.dﬁtput
signal to subscriber termj.halé in the down stream.

A subscribér terminal_ 50 j.s connected to the public
plioné network PSTN through a telephone line Lms as shown
in Fig. 15. A telephone 70 is conhécted to the telephone
line Lms through the subscriber terminal 50, and a
television 80 is connected to the subscriber terminal 50.

The cable television station 40 has in detail, for .

example, a structure shown in a block diagram of Fig. 17.
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In detail, an analog television broadcast signal Va is

subjected to band restriction to generate a signal of the
band for the above-mentioned analog television broadcast
through a band pass filter 411, and thereafter is sent to
a synthesis circuit 403.

The digital transmission data transmission facility
402 is provided with a tape information librarf( systém 412.
The tape information library system 412 comprises a tape
container rack 4121, a plurality of players VTRa tb VTRd,
a transferring mechanism (not shown in the figure) for
taking out a desired cassette tépe from the tape container
rack and for charginé it to any one of the players VRTa

to VIRd as it is so structured in the ébové-mentioned
embodiment, but in this second embodiment, two players VIR
are provided to each channel, that is, total four players
VIRa, VIRb, VRTc, and VIRd are provided, the f_-acility.is B
simplified in 'c';inpa;:i.son.-with the iape inforﬁation iibrarj’
system of the above-mentioned cable television station HE .
having the digital facility.

The station side controller 405 controls the
selection of a channel out pf the two channels and decidés
the selection of a player out of the two players by sy;itching
and controlling switch cifcuits 413 and 414.

Digital data from respective switches 413 and 414
is modulated in hexternal QAM modulation circuits 415 and

416 as it is somodulated in the above-mentioned embodiment,
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subsequently supplied to the frequency conversioncircuits

417 and 418, and frequency-converted to a signal of the
band for each channel shown in F'ig. 16. The output signal
of the frequency conversion circuits 417 and 418 is
supplied to the synthesis circuit 403.

A going-down control data Vvc frdm the stafion side
controller 405 is supplied to a QPSK modulation circuit
419 and modulated, then frequency-converted to a signal
of the band for control data sho'.w';l. in FJ.g. 16. The output
signal from the frequency conversion circuit 420 is
supplied to the synthesis gircuit 403.

A going-up demand data sent from a subsctiber
terminal through the telephone lines Ll to Ln is taken in
the station side controiler 405 through modulators 421 to
42n. The going-down control data Vc is generated based
on the'going-up demand data. The demand data includes a
user ID for idéntifying ihé sﬁbscriber terminal, data for
identifying the requésted program, and request time
information described hereinafter.

Next, a subscriber terminal has a structure, for
example, shown in detail in a block diag:am of Fig. 18.

The going-down signal from the coaxial coﬁfluént
distributor 60 is supplied to band pass filters 502 and
503 through ; input terminal 501. The band pass filter
502 has a pass band of the analog television broadcast

signal frequency band shown in Fig. 16, the analog
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television signal obtained from the band pass filter 502 -

is supplied to a frequency conversion circuit 504.

The channel selection control signal corresponding
to the channel selection operation through the user
interface 530 from the terminal controller 520 is supplied
to the fréquency conversion circuit 504, and the analog
broadcast program channel signal selected by a user is
converted by the frequency conversion circuit 504 to a
signal of a frequency which can be demodulated _by the
subsequent analog television demodulation circuit 505.
The output signal from the fréqnency conversion circuit
504 is supplied to tixe at_xalog television demodulation
circuit 505, and the telévision si_gnal of the above-
mentioned seiected analog television broadcast program
channel is demodulated. The demodulated television
signal is supplied to an output terminal 507 through a
switcﬁ circuit 506'.. | PR

A television 70 is connected to the output tgrm_:_i.nal -
507. A user interface 530 comprises a remote controller
and key board device as it so comprises in the above-
mentioned embodiment. |

The going-down contfol data and goiné;;iown digitél
information data are obtained from the band pass filter
503. The going-down control data is converted by a
frequency conversion circuit 512 to a signal of a band which

can be demodulated by the subsequent QPSK demodulation
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circuit 513, then supplied to a QPSK demodulation circuit

513 and demodulated. The demodulated control data is
supplied to a de-multiplexing circuit 514, and only the
controil. data of the channel given to the demand subscriber
terminal by the control signal from the terminal controller
520 is taken out, and supplied to the terminal controller
520.

The terminal controller 520 interprets the control
data, judges whether the control data is addressed to the
demand subscriber terminal based on the user ID included
in the control data, and if the control data is addressed
to the demand subscriber terminal, the terminal controller
520 analyzes the control data and informed of the
above-mentioned program ID, transmission time, and
transmission. channel (which channel out of thedigital data
traﬁsmission channels).

The digii:al informatidn dat.a from the band pass
filter 503 is supplied to a freqqg;lcy.. conversion.circuit )
508. In the frequency conversion circuit 508, only the
information data of the transmission channel found by
analyzing the above-mentioned control data is converted
to a signal of a frequency which can be demodulated by a
hexternal QAM demodulator 504 based on the control signal
from the terminal controller 520. The output signal from
the frequency conversion circuit 508 (¥3) is suppl'ied to

the hexternal QAM demodulationcircuit 509 and demodulated,
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the demodulated signal is supplied to a data streamer

device 510 and temporarily stdréd.

The terminal controller 520 outputs a regeneration
command including the program ID to the data streamer
device 510 in response to the regeneration request input
including the program ID through the user interface 530
of the user. The data streamer device 510 reads and
regenerates the digital information specified by the
program ID out of temporarily stored information in
response to the regeneration command.

The read digital infomafion is subjected to error
correction decode pro.cessing in a digital television
signal decoding circuit 511, converted to an analog
television signal, and supplied to the s{witt_:h circuit 506.

The switch circuit 506 is switched either to the
analog deniodulation circuit side for analog television
broadcast receiving channel selection or to the digital
te_levision signal decoding circﬁit 511 side foa.:'- v:.ewmg
the temporarily stored program dependently on the: -
'switching signal from the terminal controller 520 in
response to the user input through the user interface 530.,
the user can view the respective programs in the television
connected to the output terminal 507.

The terminal controller 520 generates a demand
signal as a going-up data in response to a demand input

for a digital information program through the user
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interface 530. The demand signal includes the user ID,

ID of the demanded program, and request time information
of the urgency for the demanded program as it so includes
in the above-mentioned embodiment. If the same plurality
of compression methods as used for digital transmission
of video signal transmitted from the cable television
station side is provided and a user can select the
compression method dependently on the demanded information
and necessary resolution, then the demand signal includes
the transmission format such as data compression ratio.

The demand signal from the~subscriber terminal is
modulated by a modulator 521, and sent out to the telephone
line Lms connected to the public telephone network through
NCU (network control unit) 522. A telephone 7'0 is
connected to NCU 522 through the telephoné terminal 524,
and the telephone 70 is used as it is used usuaily.

In the second embodiment, the cable television
station 46 is ac;::eptable of only transmiésion request for
delay allowable demands corresponding to B-class and
C-claés demands in the above-mentioned first embodiment.
'More in detail, real time transmission and digital
television broadcast are not involved, two-way information
transmissiqn is realized only with adding some additional
facility to the existing cable .television system facility.

In this embodiment, when a user inputs a demand to

the subscriber terminal, the user selects a request time
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information which is either B-class demand allowable of

little delay or C-class demand allowable of a delay of from
a half day to one day. |

Upon receiving the demand from the usér through the
public telephone network PSTN, | the cable television
station 40 plans a transmissidn plan 'so as to transmit
successiveiy requested programs if the demand is B-~class.
In detail, if there is a free channel in the going-down
digital -informétion data band, the cable televiéiﬁn
st;.ati.on 40 plans the transmission plan so as to transmit
the demanded program information to the subscriber
terminal by way of thé free channel.

Upon completion of the transmission plan, the cable
television station 40 transmits previously a going-down
'inforﬁation including the time when the requested program
is to be transmitted, the channel to be used for the
transmission, and the going-down control data including
transmission format information to the subscriber terminal
which transmitted the demand.

The subscriber terminal 50 acquires the control data
addressed to the demand subscriber terminal, and is |
~ informed of previously the time to be transmitted, channel
to be used for the transmission, and i:ransmission format,
and prepares for receiving. Monii:oring the time for
finding the transmission time, the subscriber terminal 50

receives the digital information data transmitted with a



address to the demand subscriézi terminal 50 through thé
aboye-ﬁentionedbandpassfilter503,frequencyconversion
circuit 508, and hexternal QAM demodulation circuit 509,
and stores the received digital information data in the
data streamer device 510.

‘When the user input at an arbitrary time a
regeneration request for the selected specified program
out of temporarily stored progréms'through the user
interface 530, the terminal controller 520 sends a
regeneration command of the specified program to the data
streamer device 510. The data streamer device 510 reads
and regeneraﬁes the specified program in response to the
regeneration command, and supplies the'television signal
to the television through the output terminal 507, #nd the
user can view the program.

As described herein above, in the case of the second
embodimeni, the real time'traﬁsmission is not necessary,
the introduction of é large scale system such as video
server is not necessary,ithe video on~demand system is
realized with a relatively small investment, the digital
information data can be transmitted with a delay.
efficiently during the time zone such as midnight when
traffic is infrequent, thus the transmission band can bé
used efficiently.

| A demand signal is sent to the television station

through the public telephone network, therefore it is
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unnecessary to provide extra transmission line for

going~up data, thus extra investment for this purpose is
not necessary. |

The application of this invention to the video
on-demand system is described hereinbefore, however, the
present invention can be applied to not .only video system .
but also other every two-way information transmission
systems which transmit various information in response to
a demand.

As described hereinbefore, according to th;z present
invention, the video on—demaﬁd system can be realized
without introduction of iarge scale system such as video
server ‘and with relatively small inveétment. The
centralization of traffic is mitigated, and the network

resource is used efficiently.
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1. A two-way information transmission system

WHAT IS CLAIMED 1IS:

provided with an information distribution transmission
center and a plurality of subscriber terminals connected
to an information distribution transmission center through
going-up lines and going-down lines, in which said
subscriber terminal requests an information to said
information distribution transmission center through said
going-up line, and said information distribution
transmission center transmits the requested information
in response to the request for the transmission;
said information distribution transmission center having;
a transmission planning means for planning a transmission
plan to transmit the information based on an information
distribution transmission requeét from said subscriber
terminal, -

transmission implementation means for implementing
the tréhs‘mission of said requested information based on
the transmission plan planned by said transmission
planning means, and

going-~down control data sending means for sending
a going-down control data including an information
involving the transmission implementation plan planned by
said transmission implementation means to the subscriber
terminal which sent said information distribution

transmission request before said transmission
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implementation means implements the transmission,

said subscriber terminal having;

distribution transmission request sending means for
sending said information distribution transmission
request including at least information for identifying the
demand subscriber terminai, information for identifying
said requested information, and information relating t-o
urgency of said requested information,

memory means,

transmission plan receiving analysis means for
_being informed of said transmission plan based on said
going~down control data fromsaid information distribution
transmission center, |

information acquisition means for acquiring the

information transmitted from said information
distribution transmission center based on said
transmission plan and storing it in said memory means,
which information was acquired by said transmission plan
receiving analysis means, and

readihg means for reading the information from said
memory means. | |

2. The two-way information transmission system as
claimed in claim 1, wherein the information relating to
the urgency of said requested information included in said
information distribution transmission request specifies

any one of a plurality of urgency classes which are
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different in delay time from the distribution transmission
request to the implementation of the distribution
transmission dependently on the urgencsr of the information
use, and

'said transmission planning means determines a
transmission time based on the information for specifying
said class included in said information distribution
transmission request.

3. The tﬁo-wéy information transmission systenm as
claimed in claim 1, wherein said information distribution
transmission center transmits in real time in response to
saidclassspecifyinginfo;mationwhichrequestsimmediate
transmission, and transmits in a free channel available
time zone in response to said class specifying information
which allows the.delay of transmission, and
said subscriber terminal provides immediately said
acquired information for using without recording in said
recording device in response to the class specifying
information which requests immediate transmission
included in the information distribution transmission
request sent by the demand subscriber terminal.

4. The two-way information transmission system as
claimed in claim 1, wherein said transmission
implementation means transmits the information after data
compression, and is capable of changing the data

compression method correspondingly to the type of
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the requested information in response to the distribqtion
transmission request, including successive steps that;

said subscriber terminal sends an information
, distribution transmission request including at least
informationforidentifyingthedemandsubscriherterminal,
information for identifying said requested information,
and information relating to the urgency of said requested |
information,

said information distribution transmission center
plans the transmission schedule of the information to be
transmitted based on the infofmation distribution
transmission request from said subscriber terminal, and“
transmit it to the subscriber terminal which requested said
information distribﬁtion transmission request including
the transmission schedule information in the going-down
control data prior to the transmission of the main
information, and implements transmission of said requested
info;mation accordiné'to said'transmission schedule, and.

said subscriber terinihal is informed of said
transmission plan by receiving and analyzing said
. going-down control data from said information distribution
i:ransmission center, acquires the information transmitted
from said information distribution transmission center
based on the acquired transmission plan, stores it in the
memory means having a large capacity, and provides said

information read from said memory means for using.
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8. The method of two-way information transmission

as claimed claim 7, wherein said information distribution
transmission center transmits in real time in response to
the urgency relating information, which requests immediate
transmission, of said requested information included in
the information distribution transmission request from
said subscriber terminal:, and transmits in a free channel
available time zone in response to said urgency relating
information which allows the delay of transmission, and

' said subscriber terminal provides immediately said
acquired information for using without recording in said
recording device in response to the urgency relating
information, which requests immediate transmission, of
said requested information included in said information
distribution transmission request sent by- the demand
subscriber terminal.

9. The method of two-way information transmission
as claimed claim 7, lwherein the .inf-.;:rmétic-m relating to
the urgency of said requestéd information included in:said
information distribution transmission request specifies

any one of a plurality of classes different in delay time

from a"distribution transmission request to an

implementation of transmission depending on the urgency
of information use, and
the communication capacity of said going-down line

is allocated and assigned separately for each class of said
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plurality of classes. :

10. The method of two-way information transmission
as claimed claim 9, wherein said communication capacity
assigned to each class is variable dependently on the time
zﬁne and day of the week.

11. A subscribér terminal provided with a
information distributioh transmission center and a
plurality of subscriber terminals connected to a
information distribution transmission center .through
going-up lines and going-down lines, in which said
subscriber terminal requests ‘;m information to said
information distribution transmission center f:hrough said
going-up -1ine, and said information distribution
fransmission center transmits the re‘juested information
in response to the request for the transmission;

each subscribér terminal of said plura'lity of
.subscriber terminals having;

distribution tran_smission request sendingmeans for
sending aﬂ information distribution transmission request
including at least information for identifying the demand
subscriber teiminal, information for identifying an
information requested for transmission, and information
relating to the urgency of said requested information,

a memory means,
transmission plan receiving analysis means for

being informed of the transmission plan of information to
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be transmitted planned by said information distribution
transmission center based on said information distribution
transmission request from said subscriber referring'to the
control data sent from said information distribution
transmission center,

information acquisition means for acquiring the
information transmitted from said information
distribution transmission center and stores it in said
memory means based on said transmission plan which said
transmission plan receiving analysis means acquired, and

reading means for reading the information from said

memory means.



