DIGITAL MULTIPLEX TRANSMISSION SYSTEM

This invention relates to a-digital multiplex
transmission system by which a signal such as an audio
signal or a video signal can be transmitted fully
digitélly with an arbitrary redundancy selectively set
in accb;dance with an object of a user and is suitably
applied particularly to transmission whiqh makés'use of

an artificial satellite.

In recenf_years, broadcasting communications
- which make-usg of an artificial satellite have been
‘realized. However, a communication system which allows
full digital transm}ssion has not been realized as yet
excépt broadcasting commﬁnications for an audio signal.
Transmission of‘digital audio data and digital data
employed ip television broadcasting bylbroadcasting
.commﬁnications is illustrated in FIG. 13. 1In
particuiar,'FIG. 13 illustrates a two-dimensional frame
" construction for transmission of digital audio data and
digital data. Referring fo FIG. 13, voiées l to 4 are
audio data which are compressed in 10 bits for each one
I
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sample; a range bit is a.bit indicating a range of one ] ¢

bit representing a quantization bit range; aata are

digital data constituted from 15 bits for each one
sample; and é correction code is an'error correction 4‘
code constituted from a 7-bit BCH'cbde which allows \[
correction of an error of 1 bit and detection of an

error of 2 biEs.

The frame shown.in-FIG. 13 includes 63 bits in a
_horizontal row and 32 biﬁs.in a vertical column so thaf
the one frame is constituted from a total of 2,048 bité.
Of the 63 bits in a horizontal row of the frame, one bit
is allocated to the range bit; ten bits are allocated to
one sample of each of the voices 1 to 4 so that a total
of 40 bits are allqcated to the voices 1 to 4; fifteen
bits are allocated to.oné sample ;f the digital data;
and seven bits are allocated to the error correction
code. |

Meanwhile, in a vertical column, digital audio
data and digital data of the voices 1 to 4 for 32
samples are arranged vertica;ly SO £hat each vertical
column includes a total of 32 bits. The error
correction code is a code for correcting an error of.a
total of 56 bits of the range bit, the voices 1 to 4 and

the digital data which are included in a horizontal row
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of the frame.- The frame ié scanned vértically as seen
from FIG. 13 to effect interleaQing to send out resulted
data into a transmission line. The technique describea
above regarding satellite broadcasting is disclosed in
EP 0,548,844 A2 while the tecpﬂique regarding error
correction is disclosed ;n EP 0,548,887 A2.

Iﬁ such a multiplex transmission.3ystem which
employs an artificial satellite as deséribed above, the
transmission output from the artificial satellite is.so

limited that, when the weather is bad such as rainy or

when a reception antenna is small, ordinéry transmission
cannot be achieved and consequently a reception plcture
may be disturbed. 1In such an instance, if the
redundancy is increased to strengthen the error
correction codes instead of degradlng the quality of the
image, then an 1mage of a somewhat higher quality can be

received regularly without varying the transm1551on

rate. On the other hand, when the receptlon antenna is

large or the weather is fine, if the redundancy is

decreased to raise the quality of the picture, a
superior'image can be received without vafying the
transmission rate.

Further, when the allocated bénd.widtﬁ within a

transmission band held by the satellite is changed,
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transmission cannot be performed without varying the
transmission rate or efficient transmission cannot be

performed. However, in such a multiplex

- transmission system as described above, since the frame

construction or the construction of an error correction
code is_fixed, there is a-prbblem in that the quality of’
fhe image or the construction of the error corfecﬁion
code cannot be altered ané also the transmission rate

cannot be changed.

It is an object of the-presené invention to
provide a digital multiplex transmission system wherein
a multiplex frame is constructed such that the
redundancy of‘an_error cbrrection code can be.changéd
and the iﬁformation.rate principally.of digital wvideo

data can be changed when the redundancy is changed so

‘that the transmission rate may be fixed.

It is another object of the present invention to

provide a digital multiplex transmission system wherein

a multiplex frame is constructed so that the information

rate principally of digital video data can be changed

‘upon changing of the transmission rate.
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In order to attain the objects described above,
according to an aspect of the present .invention, there
is provided a digital multiplex transmission system,
which comprises means for multiplexing at least digital

audio data and digital video data and scrambling the

‘multiplexed data with a scramﬁling train, means for

multiplexing the scrambled data with scramble control
data and system data to allocate the data on a two-
dimensioqal frame such that a boundary between each

adjacent ones of the data makes a vertical straight

"line, means for coding the frame in units of a block in

a horizontal direction by Reed-Solomon coding to add
Reed-Solomon codes to the frame, and means for adding

the éysfem data including a frame synchronizing signal

to the two-dimensional frame, coding the resulted data

by convolution coding to obtain digitél multiplexed data
and transmitting the digital multiplexed data.

With the digital multlplex transm1551on system,
the redundancy of convolution codes or the amount. of
information of digital data in a frame can be set freely
in accordance with an object or characteristics of the
system, and consequently, the system can be suilt up in

accordance with an object of a user. ‘Accordingly, when

‘a reception antenna is small or when the weather is bad,
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the redundancy of convolution codes can:be-increased to
obtain a correction code of a very high error correction
faculty so that digital data including much errors can

be demodulated normally. On the other hand, if the.

- redundancy of convolution codes is decreased to increase

the amount of information of digital data in one frame,

then the quality of the picture can be improved.

Preferably, the digital multiplexer transmission-

system further comprises meaﬁs for changing over the
transmission rate in response to a transmission band
width to be used. Here, since the amount of information
of digital data can be varied in accordance with a
transmission band width available for transmission, the
system can be built up with a higher degree. of freedom
in aecordance with an object,of a user.

Acceraing to another aspect of the present
invention,.there is proviaed a digital multiplex
transmission system, whlch comprises means for.
multiplexing at least digital audio data and dlgltal
video data and scrambling the multiplexed data with a
scrambling train, means for multiplexing?the scrambled
data with scramble control data and system data to
allocate the data on a two-dimensional frame and coding

the frame in unlts of a block in a horlzontal dlrectlon

-
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by Reed-Solomon coding to add Reed-Solomon codes to the
frame, means for adding the éystem data including a
frame synchronizing signalltg the t§o¥dimensiona1 frame,
coding thé resulted data by convolution coding to obtain
digital multiplexed data and transmittihg the aigital
multiplexed data, and means for Allocating the system
data including the frame synchronizing signai, the
scramble control data, packets including the audio data
and'the digital data, and the Reed-Solomon codes on the
two-dimensional frame such that a boundary betweeﬁ each
adjacent ones of the data and the packets makes a
vertical straight line. |

Also with the digital.multipléx transmission
system, the redundancy of convolution codes of the
amount'of information of digital data in a frame can be
set freely iﬁ accordance with an object or |
characteristic of the sysfem, and consequently, the
system can be built up in accordance with an object of a
user. Accordingly, Qhen a reception antenna is small or
when the weather is bad, the redundancy of convolution
codes is increased to obtain a correction code of é very -

high error correction faculty so that digital data

including much errors can be demodulated normally. On

. the other hand, if the redundancy of convolution codes

/.
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is decreased to increase the amount of informatioh of
digital data in one frame, then the quality'of the
picture can be improved; Further, since the frame is
partially constituted from packets; the number of
multiplex channels of_daté in the packets can be set
freely.
The allocating meané.may construét the-t&o-

dimensional multiplexed frame such that the system data

including the frame synchronizing signal, packets

including the scramble control data as well as the audio

data and the video data} and the Reed-Solomon codes are
allocated on the two-dimensional frame such that a

boundary.betﬁeen each adjacent ones of the data and the
packets makes a vertical straight line. Since also the

scramble control data are transmitted by way of the

packets, scramble control can be performed in units of a

packet. Consequently, prevention of unauthorized
decoding or cancellation of the scramble from a

particular channel can be achieved.

The above and other objects, features and
advantages of the present invention will become apparent
from the following description and the appended claims,

taken in conjunction with the accompanying drawings in
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which like parts or elements are denoted by like

reference characters,

FIG. 1 is a block diagram of an encoder of a
digital multiplex tranémission 3ystem according to the
present. invention;

FIG. 2 is a block diagram of a decoder of the
digital multiplex'transmission-system according.to the
present invention.

FIGS. 3 to 10 are diagrammatic views
illustrating different frame éonstructions which may be
employed in the digital multiplex transmissi&ﬁ system of
the present invention;

FIG. 11 is a table iilustrating a corresponding
relationship émong'the transmission rate, the
information rate, the frame frequency and the hprizontal
siée of a frame;

| FIGS. 12(a) and 12(b) are diagrammatic views
illustrating a different frame construction which may be
employed in the digital multiplex transmission system of
the present invention and which uses a packet; and

FIG. 13 is 'a diagrammatic view showing a frame
for digital mu}tiplex traﬁsmissipn 6f voices. .
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FIG. 1 shows an encoder of a digital-multipléx'
transmission system accbrding to the present invention.

Referring to FIG.. 1, the encoder shown includes a video

- coder 1 for converting a video signal into a high

efficiency code, an audio coder 2 for converting an
audio signal into a high frequency code, a first
multiplexer 3 for multiplexing coded digital video data
from the video coder 1, coded digital &udio data from
the -audio coder 2 and digital_preliminary data, é_
scrémbler 4 for scrambling mulpiplexeﬁ'dataffrom the
multiplexer 3 to allow conditional accessing to be
performed, and a scramble controller 5 for generaﬁing
and applying a scrambiing train to the scrambler 4 and
applying scramble key information to a second
mulpipléxer 7.

Tﬁe_éncoder furfhér includes an éxternai_
computer 6 for controlliﬁg thé scramble controller 5
from the outside, the second multiplexer 7 for
multiplexing scrambled data fiom the scrambler 4 and
scramble key informationlfrom the scramble controlier 5
to construct a two-dimensional frame which.will be
hereinafter described, a Reed-Solomon coder 8 for

Eonverting a code block in a horizontal direction of a
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two-dimensional frame into a Reed-Solomon code, a third
muitiplexer 9 for adding system data to a two- |
dimensional‘fréme, a convolutiﬁn coder 10 for coding a
two-dimensional frame by convolution coding by which the
redundancy can be changed, and a QPSK modulator 11 for

modulating convolution coded multiplexed data from the

. convolution coder 10 by four phase shift keying

modulation to produce an inteimediate frequency signal.
The encoder shown in FIG. l'multiplexesndata SO
that they may have such a tﬁo-dimensional-frame:
cbnétruction as, for example, illustrated in FIG. 3. 1In
parﬁicular, fIG. 3 illustrates a frame construction when

convolution coding at the rate of 5/6 is performed for

" multiplexed data of the information rate of 40.96 Mbps

so that the multiplexed data are transmitted at the
transmission rate of 49.152 Mbps. The frame
construction has a framelsize of 160 bits"in a
horizontal direction and 64 x 8 bits in a vertical
direction, and the frame frequency is.SOO Hz.

Referring torFIG. 3, the first region includes i
x 16 words allocdted to system data répresentative of a
construction in the frame with a frame synchronizing
pattern p051t10ned at the top. . Two regions'each

1nclud1ng 1 x 64 words are provided next to the first
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region and allocated to preliminary data 1 and

preliminary data 2. The two data regions can be uSéd.

. freely by a user. A further next regibﬁ of 1 x 64 words

is allocated to scramble contrdi data which are
information for conditional accessing such as scramble
key information. A still further next region inciﬁdeé 2
x 64 words allocated to audio data, and a yet further
region of 142 x 64 words allocated to video data'is_
provided next to the audio data region. The last regioﬁ
of 12 x 64 words is allocated to Reed-Solomon codes of
12 words which are added so that error.correctioh may be
performed in units of a code block of a frame in a
horizontal direction.

In this manner, the regions are allocated to the

various data dividing the frame vertically so that the

boundary between each'adjaéent regions of the data may
make a vertical straight line, and the informétioﬁ rates

of the individual data are defined as given below:

video data - 36.352 Mbps
audié data . 512 kbps
preliminary déﬁa 1 256 kbps
preiiminary data 2 256 kbps
scramble éoﬂtfol data : 256 kbps -
system déta oo 256 kbpg

— |
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Reed-Solomon codes | 3.072 Mbps

Subsequently, operation of the éhcodér shown in
FIG. 1 will be descriSed with reference to FIG. 3. A
video signal and an audio signal are coded by
compression cbding by the coders 1 énd 2, respectively,
so that they are converted into high efficiency coded
aata. The video data and.the audio data converted into
the high efficiency coded data are applied together with

preliminary data to the first multiplexer 3, by which

" they are multiplexed in a time series relationship.

The thus multiplexed data are applied to the
scrémblér 4, by which they are scrambled to allow
conditional accessing to be performed. A-scrambling
train is applied to the scrambie 4 from the scramble
control circuit 5, and the multiplexed data outputted
f;dm the first multiplexer 3 are scrambled with the
scraﬁbling train. . Meanwﬁile, in order to allow |
descrambling on the receptioﬁ side, scramble control
data such as scramble key information are outputted from
the scfamble controller 5 and applied to the second

multiplexer 7.

Further, in order to allow conditional accessing

- to be controlled from the outside,. Ehe external computer

6 is coﬁnected to the scramble controller 5. The

This Sheet Has Been Replaced :

o (NOHR0




Y

)

multiplexed data scrambled by the scrambler 4 and the

scramble control data are multiplexed by the second

.multipiéxer.7 to make up a frame construction in which

such regions as shown in FIG. 3 are allocated. Then, in

order to allow correction of a transmission error, a

' Reed-Solomon code of 12 words is added to a block of 147

-words in a rightward horizontal direction from the

preliminary data as indicated by broken lines in FIG. 3
by.the Reed-Solomon coder 8. |

Further, system aata are added to;the.tbp of the
frame by the third multiplexer 9, thereby to obtain a
frame of the construction shown in FIG. 3. It is.to be
noted that the frame synchronlzlng pattern in the system

data p051tloned at the top of the frame is constltuted

-from 32 bits of, for example, 0000 0100 1001 0010 1010

1101 1100 1110, andfoh the reception side, the pattern
is detected to detect that a frame is detected.

- Further, each word includes 8 bits arfanged-in a

vertical direction. Consequently, one code block in a

horizontal direction of a frame including a Reed-Solomon

code is constituted from 8 x 160 bits. Accordingly, the

information transmission rate in this instance is 160 x

64 x 8 x 500 = 40.96 Mbps.
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Subsequently, the data of the frame shown in
FIG. 3 are scanned in a vertical direction from the top

' to the bottom as seen in FIG. 3 and sent out and applied

from the multiplexer 9 to the eonvolution coder 10, by
thch they are coded by convolution coding at the rate
of 5/6. This convolution coding is performed in order .
to provide a redundancy to multiplexed data foi
transmission to allow error correction, and on the
reception side, the convolution coded data can be

processed by error correction by decoding the same, for

example, by bitervi decoding. It is to be noted that

such scanning in a verticaledirection to send out data
of a frame is called intefleaving, and if interleaving
is perfermed, a burst efror which may be produced in a
transmission line will be made a.dispefeed short error.

Here, while the rate of the data outputted from

thelconvoiution coder 10 is the transmission rate of the
encoder, the transmission.rate is 40ﬁ96;+ 5/6 = 49,152
Mbps. Then, the multiplexed data convolution coded by
the cenvolution coder 10 are aéplied as a modulation
siénal to the QPSK moduletorhll, by which four phase
shift keying modulation is performed to produce an
intermediate frequency 51gnal. The 1ntermed1ate
frequency signal obtained by such four phase shift
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keying modulatioﬁ is applied to a transmission section
not shown so that it'is converted into a signal-df a
transmission fregquency, which is transmitted, for
example, fromlan antenna of an artificial satéllite.

The dijital multiplexed data transmitted.ih this
manner are received by an aﬁtenna located, for example,

on the ground and then decoded by a decoder providgd in

" a reception section. Such decoder is shown in FIG. 2.

Referring to FIG. 2, the decodef shown includes
a QPSK demodulator 20 for deﬁgdulating a received
intermedigte frequéncy signal moduléted by four phase
shift keying modulation by fou; phase shift keying.
demodulation, a bitervi decoder 21 for decoding
convolution coded multiplexed data by bitervi decoding
to effect error correction, a first demultiplexer 22 for
sep&rating system data from a deintérleaved.f;ame, a
Reed-Solomon décoder 24 for effecting error correction
of data using a Reed-Solomon code added in uhits'of a
block in a horizontal direction of a @einééjleaved
frame, a second demultiplexer 24 for separating scrémhle
control data; and a descrambler 25 for descrambling

output data of the demuitipiexer 24 using a descrambling

train applied thereto from a descramble controller 26.

\
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n The aescramble controller 26 generates a

descrambling train from scramble control data separated

by the demultiplexer 24 and'applies the aescrambling

train to the descrambler 25. The decoder further

‘,n- .
Wi i ‘

includes an IC card reader 27 connected to the
descramble controller 26 for descrambling data from the

descrambler controller 26 with data stored in an IC card

- possessed by a user, a third demultiplexer 28 for
demqltiplexing descrambled multiplexed data into video
data, audio date and preliminary data, a video decoder
29 for decoding video'data_frem the demultiple#er 28 to
produce a video signal, and an audio decoder 30 for
decoding audio,data from the demultiplexer 28 to produce
an audio signal.

In the decoder shown in FIG. 2, an intermediate

frequency signal IF is demodulated by four'phase shift

keying demodulation by the QPSK demodulator 21 and then
applied to ehe bitervi decoder 22. The convolution
coded digital data are decoded after an error. thereof is
corrected by the bitervi decoder 22. The output of the,
bitervi decoder 22 is interleaved so that it is re-
cpnstructed into euch a frame as shown in FIG. 3. From
the thus re-constructed frame, eystem data are separated
by the first demultiplexer 22, and an error of the frame

-
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in units of a block in a horizontal direction is

corfeeted by the Reed-Solomon decoder 23 ‘using a Reed-
Solomon code added on the transmission side.

The digital data whose error has been corrected

by the Reed-Solomon decoder 23 are applied to the second

demultiplexer 24, by which scramble control data are
separated f?om the digital data and applied to the
descramble controller 26. Consequently, the descramble
controller 26 applies the descramble control data to the
deseramblef 25 which has generated a descrambling train.
Scrambled digital data are applied to the descrambler- 25
and are descrambled with the descrambling train, aﬁd the
thus descrambled digital data are-supﬁlied to the third.
demultiplexer 28. |

The descrambled digital data are thus

. demultiplexed into video data, audio data and

preliminary data by the.third demultiplexer 28. The
video data and the audio data are decoded by the

decoders 29 and 30, respectively, to obtain original

data. It is to be noted that a PN (Pseudo N01se) train

is generally used as the scrambling train to be used by
a scrambler in order to allow conditional accessing.

The construction of a frame for mﬁltipiexing is

not limited to the specific one shown in FIG. 3 but may
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be set flexibly in accordance with an available

transmission band width and the rate of convolution

codes. Subsequently, several frame constructions when

. the transmission rateé is changed will be described with

reference to FIGS. 4 to 6.

FIG. 4 shows a frame construction when

convolution coding of the rate of 5/6 is performed for

data of the information rate of 20.48 Mbps to obtain the
transmission rate of 24.576 Mbps while the frame
frequency of 250 Hz is used. The frame is. constituted
from 160 bits in a horizontal direction and 64 words in
a vertical direction, and a region of 1 x 64 words is
allocated to the system data; another region of 1 x 64
words is allocated to the preliminary data l; a further
region of 2 x 64 words is allocated to the pfeliminary
data 2; a still fﬁrther.region of 2 x 64.words is
allocated to the scramble control data; a yet further
region of 4 x 64 words is allocated to the audio dafa; a
yet further region of 138 x 64 words is allocated to the
video data; and a yet further region of 12 x 64 words is
allocated to the Reed-Solohoﬁ codes.

As a result, the rates of thé data are defined

as given below:

video data ' 17.664 Mbps
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‘drop of the transmission rate is absorbed principally by

'frequency of 125 Hz is used. The frame is constituted

from 160 bits in a horizontal direction and 64 words in

yet further region of 130 x 64 words is allocated to the

audio data ' 512 kbps.

1
preliminary data 1 | 128 kbps >
preliminary data 2 256 kbps .
scramble control data 256 kbps |
system data ' | 128 kbps
Reed-Solomon codes - ' 1.536 Mbps

With the frame constructiqn shown in FIG. 4, a

reduction of the rate of video dafa.

| FIG. 5 shows a frame'constructién when
convqlutibn cbding of the réfe of 5/6 is performed for
data of the informatidn rate of i0.24 Mbps to obtain the

transmission rate of 12.288 Mbps while the frame

a vertical direction, and-a région.of 1 x 64 words is
allocated to the system data; ;nother fegion'of 1l x 64i
words is allocated to fhe prelimiﬂary data 1l; a further
region of 4 x 64 words is allocated to the jreiimidary
data 2; a étill fur£her region of 4 x 64 words is

allocated to the scramble control data; a yet further

reglon of B x 64 words is allocated to the audlo data; a

________~___-_____q
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video data; and a yet further région of 12 x 64 words .is
allocated to the Reed-Solomon codes. |

As a result, the rates of the data are defined
as given beloQ:, | |

video data 7 _ 8.832 Mbps

audio data o : Slz.kbps
preliminary data 1 64 kbps
preliminary data 2 , 256 kbps
'scramble control data 256 kbps

_ system data | 64_kbps
ﬁeed-Solomon codes 768 kbps .

FIG. 6 shows a frame construction whén

- convolution coding of the rate of 5/6 is performed for

data of the information rate of 5.12 Mbps to obtain the

 transmission rate of 6.144 Mbps while the frame

frequency of 62.5 Hz is used. The frame is constituted
from 160 bits in a horizontal direction and 64 words in
a.vertical direction, and a region of 1 x 64 words is
allocated to the system data; another.region of 1 x 64

words is allocated to thelbreliminary data 1; a further

-region of 8 x 64 words is allocated to the preliminary

data 2; a still further region of 8 x 64 words is

‘dllocated to the séramble control data; 'a yet further

region of 16 x 64 words is a.located to the audio data;
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a yet further region of 114 x 64 words is allocated to
the video data; and a yet further region of 12 x 64
words is allocated to the Reed-Solomon codes.

As a result, the rates of the data are defined

~as given below:

video data 3.648 Mbps

audio-data _ : 512_kbps
preliminafy data 1 : 32 kbps
preliminary data 2 o 256 kbps
scramble control data . | 256 kbps
.system data 32 kbps
Reed-Solomon codes '384 kbps

The frame constructions described above with

reference to FIGS. 3 to 6 cope with reduction of the

transmission rate by reduction of the rate of the video

data as the transmission rate decreases. When the rate

of the video data is decreased as the transmission rate

decreases in this manner, an image of a high definitioﬁ
telévision system or bf a high quality cannot be |
transmitted, but an image of a motion picture or movie
which involves-slow_moﬁion can be transmitted
éufficiently.

Subsequently, several frame constructions when

the rate of the convolution codes is changed will be
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described with refeience to FIGS. 7 to 10. FIG.-?lshows
a frame construction.wheﬁ convolution coding of the rate
of 7/8 is performed for data of the information rate of
10.752 Mbps to obtain the transmission rate of 12.288

Mbps whiie.the frame frequency of 125 Hz is used. The

" frame is constituted from 168 bits in a horizontal

direction and 64 words in a .vertical direction, and a

region of 1 x 64 words is allocated to the syétem data;
another region of 1 x 64 words is allocated to the
preliminary data 1; a further region of 4 x 64 words is
allocated'ﬁo the preliminary d#ta 2; a still further
region of 4 x 64 words is allocated to the scrambie
control data; a yet further region.of 8 x 64 words is
alloéated to the audio data; a yet further region of 138
x 64 words is allocated to the video data; and a yet
further region of 12 x 64 words is allocated to the
Reed-Solomon codes.

‘As a fesult, the rates of the data are defined

as given below:

video data 8.832 Mbps
audio data 512 kbps
preliminary data 1 64 kbps
prelimiﬁéry data 2 256 kbps
scrambie control data 256 kbps
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system data : 64 kbpé-
Reed~Solomon codes : , 768 Mbps
" FIG. 8 shows a frame construction when
convolution coding of the rate of 3/4 is performed for
data of the information rate of 9.216 Mbps to optain the
transmission rate of 12.288 Mbps.while the frame -
frequency of 125 Hz is used. The-frame is constituted
from 144 bits in a horizontal direction and 64 words in -
a vertical direction, and é region of 1 x 64 wbrds is
allocated to the system data; another region ofll x 64
words is allocated to the preliminary data i; a further
region of 4 ? 64 words is allocated to the preliminary
data 2; a still further regiqn'of 4 x 64 words is
allocated to the scramble control data; a.yet further
region of 8 x 64 words is allocated to the audio data; a
yet further region of 116 x 64 words is'allocated to the
video data; and a yet further regién of 12 x 64 words is
allocated to the Reed-Solomon codes.
' As a result, the rates of the data dre defined

as given below:

video data .7.424 Mbps
audio data _ 512 kbps
preliminary data 1 "' 64 kbps
preliminary data 2 ' 256 kbps
T —
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scramble control data . | 256 kbps
sfstem data - 64 kbps
" Reed-Solomon codes | 768 Mbps
FIG. 9 shows a frame constrhétion when
convolution coding of the rate of 2/3 is performed for.
data of the information réte of 8.192 Mbps to obtain the
“transmission rate of 12.288 Mbps while the framé
frequenéy of 125 Hz is used; The frame is constituted
from 128 bits.in a horizontal direction and 64 words in
a vertical direction, and a region of 1 x 64 words is
allocated to the system data; another region of 1 x 64
words is allocated to the preliminary data 1; a further

region of 4 x 64 words is allocated to the preliminary

data'2; a still further region of 4 x 64 words is
allocatéd-to the scramble control data; a yet furtﬁér
region of 8 x 64 words is allocated to the audio data; a
yet further region of 98'x 64 words is allocated to the
video data; and a yet furﬁher region of 12 x 64 words ‘is
allocated to the Reed-Solomon codes.

As a result, the rates of the data are defingd
as given below:

video data : . 6.272 Mbps

audio data. 512 kbps
preliminary data : 64 kbps

Has Been Replaced. -
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preliminary data 2 | 256 kbps

scramble control data 256 kbps
system data ' 64 kbps
Reed-Solomon codes _ 768 Mbps

FIG. 10 shows a frame construction when -

convolution coding of the rate of 1/2 is performed for
data of the information rate of 6.144 Mbps to obtain the
transmission rate of 12.288 Mbps while the frame |
frequency of 125 Hz is used. The ffame is constituted
from 96 bits in a horizontal direction and 64 words iﬁ a
vertical direction, and a region of 1 x 64 words is
allocated to the system data; another region of 1 x 64
words is allocated to the preliminary data 1; a further
region of 4 x 64 words is allocated to the preliminary
data 2; a still further :égion of 4 x 64 words is
allocated to .the scramble control data; a yet further
region of 8 x 64 words is allocated to the audio data; a
yet further region of 66 x 64 words is allocated to the
video data; and a yet further region of 12 64 words is
allocated to the Reed-Solomon codes.

As a result, the rates of the data are defined

as given below:

video data 4.224 Mbps
audio data ' 512 kbps

N . : _\ -
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préliminary data 1 64 kbps
-preliminary data ﬁl. 256 kbps
scramble contrql data _ 256 kbps
system data 64 kbpé
Reed-Solomon codes 768.Mbps

FIG. 11 shows a table indicating the

corresponding relaiionship among the information rate,

the frame ffeQuency and the horizontal size of a frame
which are changed when the transﬁission rate is changed
over.among-the four stages and the rate of the
convolution codes is changed pver.amoné the five stages
as described above. Referring to FIG. 11, the band
width is a band width alipcated to transmission of
digital multipléxed data ffom within a transmission band
possesSea by the transmission apparatus of the
artificial satellite or the like, and the transmission
rate is détermined in reéponse to thé band width. While
also the information rate 'is determined from the
transmission rate, in the present invention, the

information rate is_determihed from the rate of the

convolution coding and the transmission rate.

Consequently, even when the transmission rate is

fixed, the following operation can be achieved by

changing the rate of Ehe convolution coding. When the

is.Sheet Has Been Replaced
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quaiity of the transmission line is. deteriorated, the
rate of the cénvolution‘coding is changed.so as to
decrease-thereby to increase the redundancy to increase
the error éorrection faculty to achieve regular |
receptidn.: On the other hand, when the quality of the
._transmission line is high, the rate of the convolutiqn
codlng is changed so as to 1ncrease thereby to raise the
1nformat10n rate so that a large amount of data can be |
transmitted at a high rate.

In the case of, for example,S a motion picture or
movie, data are transmitted at the information rate of 4
Mbps to 5 Mbps, but in the case of ordinary television,
data are transmitted using the information rate of 10
Mbps or'so, and when a television image of a high
qﬁality is required, data are transmitted using the
information rate of 20 Mbps or so. Fufther, in the case
of a high definition television imagé, the informatioh
rate of 30 Mbps to 40 Mbps is selected to transmit data.

Subsequently, a differént frame constructionl
according to the present inVention will be described

with reference to FIG. 12(a) and 12(b). The frame

constructlon shown is different from the frame

constructions described hereinabove in that v1deo data

and audio data.make up packets to be transmitted. In
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particular, while tﬁe present frame construction_is
similar to the frame constructions described hereinabdve
in that regions are allocated in vertical columns to
system data, preliminary daté 1, preliminary,dgta 2,
scramble confrol data and Reed-Solomon codes, it is
different in that the region allbcated to video data and
audio data is formed as packets of video data and audio
data.

FIG. 12(a) shows the constructiop'of a frame
when the information rate is 32.768 Mbps; the

transmission rate is 40.96 Mbps at the rate of

convolution coding of 4/5 and is 49.152 Mbps at the réte
of cohvolution coding of.2/3; and the frame frequency is
500 Hz. FIG. 12(b) shows the construction of thé |

- packets constituting the packet section. The frame is
constituted from 128 bits in.a horizontal direction and
64 words in a vertical direction, and a regién of 1 x 64"
wdrds is allocated.to the systeﬁ data; another region of
1 x 64 words is allocated to the preliminary data 1l; a
further region of 1 x 64 wor&s is allocated to the
preliminary data 2; a still further region of 1 x 64
words is allocated to the scramble control data; a yet
further region of 12 x 64 wo;ds is allocated to the
packet section of audio ca:a and video data; and a yet
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~ further region of 12 x 64 words is allocated to the

Reed-Solomon codes.

As a result, the rates.of the data are defined

as given below:

video data 2é.672_Mbps
audio data " 256 Kkbps
preliminary data 1 - 256_kb§s
preliminary data 2 | 256 kbps'
scramble contrdl déta : 256 kbps
system data | 256 kbps
Reed-Solomon codes . .3.072 Mbps:

Meanwhile, one packet is constituted, as seen in

' FIG. 12(b), from 112 words each including 8 bits

e mrestngembis *

arranged in a vertical column. At the top of the
packet, a Header is positioned and represents what kind
of data are included in fhe backet and information of
multiplexing or the like Subsequently fo the header}
packeted data of video data or audio data or the 11ke
-are positioned, and at the last end of the packet, a CRC
(Cyclic Redundancy_Chéck) code for detécting an error is
positioned. The header is constituted from 2 words; the
data are constituted from 108 words;.and thé.CRC code is

constituted from 2 words.

' -
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A total of 64 packets of such construction as
described above are arranged Qerticalif to make -up the
packet section shown in FIG; 12(a). With the packet

! ~construction; since video data or audio data can be

transmitted selectively depending upon a flag of the

. header, the number of multiplexing channels of video
.data or audio data in the packet section can be set
arbitrarily to construct the packet section.
Cdnsequently, such channel multiplexing transmission can
be performed that, for example, instead of senaing video
data of a high information rate by way of 2 channels,
video data of a low information rate are sent by way of
3 channels.

Meanwhile, if also scramble control data are
transmitted using a packet, on/off control of scrambling
or control of changing over between.or among a plurality-
of scrambling trains can be perforﬁed in units of a

packet, and consequently, cancellation of scrambling or

unauthorized decoding'of a particular channel can be
prevented. While an example of a framé'whiéh employs a
packet is shown in fIGS; 12(a) and 12(b), the size or
any other parameter of a frame is not limited to.that of
the specific example_and may-be varied sﬁiéably in

accordance .with the transmission rate or some other

/
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‘number may be increased in order to raise the correction

- faculty for Reed-Solomon codes. Further; in order to

parameter. Further, the length of the header of a
packet is not limited to 2 words, and the CRC code may
be omitted if possible. Also the size of a packet is
not limited to that shown in FIG. 12(b). |

‘It is to be noted that the inspection word

transmit a greater amount of information, the inspection
wofd number_of ReédrSolomqn codes may be- set to a value
1o§er than 12, and the number of preliminary data or the
information amount of audio.data may be increased or
decreased éuitably.

Having now fUllj described the ihvention, it
will be apparent to one 6f'ordinary skill in the art
that many changes and modifications can be made thereto
without departing'from.the spirit and scope of the

invention as set forth herein.

/
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CLATMS

1. 2 digital multiplex transmission system,
comprising: |
* means for multiplexing at least digital audio
data and digital-video data and scrambling the
muitiplexed data with a scrambling train;
means for multiplexing the scrambled data with

scramble control data and system data to allocate the

‘data on a two-dimensional frame such that a boundary

between each adjaceﬁt ones of the data makes a vertical
siraight 1ine;.

means for coding the frame in units of a block
in a horizontal direction-by_Reed—Solomon-coding to add
Reed—Sﬁlomon codes to the frame; and

means for adding the system data including a

frame éynchronizing signal to the two;dimensional frame,
coding the resulted data by convolution coding to obtain
digital multiplexed data and Eransmitting;the digital
multiplexed data. | |

2. A digital multiplex transmissi&n system
according tb claim 1, fﬁrther comprising heans for
changing over the redundancy of ;he convolution codes
among 7/8, 5/6,_3/4, 2/3 and-l/z, and means operable

upon changing over .of the re2iundancy of the convolution

A IIIIIIH

33

T ims —



®)

‘changing over the transmission rate in response to-a

codes for changing the sllocatioﬁ.width of'video data on
thé two-dimensional frame in rssponse to a new
redundancy value so that the digital multiplexed data
may be transmitted at a fixed transmission rate.

.3. A digitai multiplexef_transmission system

according to claim 1 or 2, furtheomprising means for

transmission band width ts'be used.

4. A digital multiplex transmission system,
comprisihg: |

means for multiplexing at least digital audio
data and digital'video data and scrambling the
multiplexed data with a scrambiing train;

means for multiplexing ;he.scrambled data with
scramble control data and system data to allocate the
data on a two-dimensional frame and coding the frame in
units of a block in a hdrizontal direction by Reed-
Solomon codlng to add Reed -Solomon codes to the frame,

| means for adding the system data including a

frame synchronizing signal to the two-dimensional frame,
coding the resulted data by convolution.coding to obtain
digital multiplexed data and transmitting thé digital

multiplexed data; and

o g ; i i~
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means for allocating the system data includingf

the frame synchronizing signal,_thé scramble control
data, packets including the audio data and the digital ~
data, and the Reed-Solomon codes on the two-dimensional
frame éuch.thaf a boundary between each adjacent ones of
the data and the packets makes a vertical straight line.

5. A digitél multipiex transmission system
according to claim 4, wherein said allocating means
constructs the two-dimensional multiplexed frame such
that the system data including the fraﬁe synchronizing
signal, packets including the scramble control data as
well as the audio data and the yideo.data, anﬁ the Reed-
Solomon codes are allocated on the twofdimensionél frame
such.tﬁat a béundary between each adjacént ones of the
"data and the packets makes a vertical sfraighf line.

6. A digital multiplex transmission system
accordi-rig to ciaim 4 or 5, further coprising means for
- changing over the redundancy of the convolution code
among 7/8, 5/6, 3/4, 2/3 and 1/2, and means opefable
upon changing over of the fedundancy of the convolufion-
codes for changing the al;ocation width of the packets
in response to a-new reduncancy value so that the
digital multiplexed data may-be transmitted at a fixed

transmission rate.
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train and multiplexing the scrambled data and scramble

'mulfiplexed by said second multiplexer in units of a

7. An encoder for a digital multiplex

transmission system, comprising:

a first multiplexer for multiplexing at least
digital audio data and éigital video data}'
a second multiplexer for scrambling the data

multiplexed by said first multiplexer with a scrambling

control data by allocating them on a two-dimensional
frame;

a Reed-Solonion coder for coding the frame

block in a horizontal direcfion_by Reed-Solomon coding
to add Reed-Solomon codes to the frame;

a third multiplexer for adding system data to

- the frame to which the Reed-Solomon codes have been

added;

. a convolution céder for coding the data of the
frame outputted from said third multiplexer by
convolution coding; and

a phase shift keying modulator for modulating
the data convolution coded by said convolution coder b§
phase shift keying modulation and transmitting the thus

mddulated data.

e | LT
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8. An encoder.accﬁrding to claim 7, wherein
said second multiplexer allocates the scramble control
data, the audio data and the video data to fhe two-
dimensional frame such that a boundary between each
adjacent ones of the data may make a verticalistraight

line, and adds the Reed-Solomon codes and the system

‘data to the two-dimensional frame such that boundary

lines of them may make vertical straight lines. .
"9. An encoder according to claim 7, wherein

said second multiplexer, said Reed-Solomon coder and

‘said third multiplexer construct the two-dimensional

mﬁltipiexed frame such that the system data including
the frame synchronizing signal, packets'including the
scramble control data as well as the audio dafa and the
video data, and the Reed-Solomon codes are allocated on
the two-dimensional frame such that a boundary between
each adjacent ones of thé data and the packets makes a
vertlcal straight line. |

10. A dlgltal mu1t1p1ex transm1551on system,
comprising:

means for multiplexing at least digital éudio:
data and digital video daté ana scrambling the |

multiplexed data with a scrambling train;-
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means for multiplexing-the scrambled data with
scramble contro; data to allocate the data on a two-
dimensional.freme and coding the frame in units of a
bloek in a horizontal direction by Reed—Solomoh coding
to add Reed-Solomon codes to the frame; |

means for adding sYstem'data to the two-
“dimensional frame, proce551ng the resulted data by
convolution coding and phase Shlft ‘keying modulatlon to
to encode them to obtaln encoded data and transmitting
the encoded data;

means for demodulating the thus transmitted
digital data multiplexed in a two-dimensional frame by
phase shift keying demodulation, decoding the
demodulated data by bitervi decoding to correct an error
.of the convolution coded digital multiplexed data, and
correcting~an error of the frame in units of a bloek in
a norizontal_direction ﬁsing one of the Reed-Solomoh;_
codes added to the frame;.

means for separating the scramble ecentrol data

from the multiplexed_data after the error correction and

descrambling the multiplexed data with the thus

separated scramble control data; and

hJs
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‘means for demultipleging the descrambled
multiplexed data into video data, audio data and
preliminary data.

11. A decoder for a digital multiplex
transmission system, comprisiné:

a bitérvi decoder for decoding convolution codes
'by bitervi decoding;

a Reed-Solomon decoder for correcting an error

"of the thus bitervi decoded multiplexed data in units of

a block in a horizontal direction using Reed-Solomon
codes added to the multiplexed data;

a descrambler for separating scramble control
data from the multiplexed data after the error
correction and descrambling the multiplexed déta with
the thus separated scramble control data; and

a demultiplexer for demultiplexing the
descrambled multiplexed data at least into video data-

and audio data.
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