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DIGITAL MULTIPLEX TRANSMISSION $YSTEM 

This invention relates to a· digital multiplex 

tran$mission system by which a signal such as an audio 

signal or a video signal can be trans~itted tully 

digitally with an arbitrary redundancy selectively set 

in acco~dance with an object of ~ user and is suitably 

applied particularly to transmission which makes use of 

an artificial satellite. 

In recent years, broadcasting communications 

which make-use of an artificial satellite have been 

·realized. However,_ a communication system which allows 

full digital transm_ission has not been realized as yet 

except broadcasting communications for an audio signal. 

Transmission of digital audio data and digital data 

employed in television broadcasting by broadcasting 

communications is illustrated in F:i:G. 13. In 

particular, FIG. 13 illustrates a two-dimensional frame 

construction for transmission of digital audio data and 

digital data. Referring to FIG. 13, voices 1 to ~ are 

audio data which are ·compressed in 10 bits for each one 
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sample; a range bit is a.bit indicating_ a range of one 

bit representing a quantization bit range; data are 

dig_ital data constituted from 15 bits for each one 

sample; and a correction code is an error correction 

code constituted from a 7-bit Bea· code. whi.ch allows 

cprrection of an error of 1 bit and detection of an 

error of 2 bits. 

The frame shown in FIG. 13 includes 63 bits in a 

horizontal row. and 32 bits_in a vertical column so that 

the one frame is constituted from a total of 2,048 bits. 

Of the 63 bits in a hori~ontal 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 allocated to the voices 1 to 4; fifteen 

bits are allocated to one sample of the digital data; 

and seven bits are allocated to the error.correction 

code. 

Meanwhile1 in a vertical column, digital audio 

data and digital data .of the voices 1 to 4 for 32 

samples are arranged vertically so that 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 voi,ce·~ 1 to 4 and 

the digital data which are included in a horizontal row 
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of the frame.· The frame is scanned vertically as seen 

from FIG. 13 to effec~ interleaving to send out resulted 

data into a transmission line. The technique described 

above regarding satellite broadcasting is disclosed in 

EP 0,548,844 A2 while the technique regarding error 

correction is disclosed in EP 0,548,887 A2. 

In such a multiplex tran_smission system which 

employs an artificial satellite as described 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, ordinary transmission 

cannot be achieved and consequently a reception picture 

may be disturbed. In f?UCh an instance, if. the 

redundancy is increased to strengthen the error 

correction codes instead of degrading the quality of the 

image, then an image of a somewhat higher quality can be 

received regularly without varying the transmission 

rate. On the other. hand, when the reception 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 varying the 

transmission rate. 

Further, wh.en the allocated band. width 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· problem in tha·t the quality of· 

the image or the construction o~ the error correction 

code cannot be altered and also the· transmission rate 

cannot be changed. 

It is an object of the present invention to 

provide a digital multiplex transmission ~ystem wherein 

a multiplex frame is constructed such that the 

redundancy of an .error correction code can be.changed 

and the information rate principally of digital video 

data cap be changed when th~ redundanci is chariged 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 tate. 
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In order to attain the objects described above, 

according to an aspect of the present jnvention, there 

is provided a digital multiplex transmission system, 

which comprises means for multiplexing at least digital 

audio data and digital video data and scr~mbling 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 such that a boundary bet-ween each 

adjac~nt ones of the data makes a vertical strai_ght 

·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 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 the digital multiplexed data. 

With the digital multiplex transmission syste~, 

the redundancy of convolution.codes or the amount.of 

information of digital data in a frame can be set free·ly 

in accordance with an object or characteristics of the 

system, and conseq~ently, the system can be built up in 

accordance with an object of a user. _Acpqrdingly, 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 code~ 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 means for changin·g over the 

tran~mission rate in response to a transmission band 

width to ·be used. Here, since the amount o·f 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 accordance with an object.of a user. 

Acc~rding to another 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 

vid~o data and scrambling the multiplexed data with a 

scrambling train, ·means for multiplexing the scrambled 

data with scramble control data and syst.em data to 

allocate the data·on a two-dimensional frame and coding 

the frame in units of a block in a horizontal direction 
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by Reed-Solomon coding to add Reed-Solomon co~es to the 

frame, means for adding the system data including a 

frame synchronizing signal ~o the two....:dimensional frame, 

coding the resulted data by convolution coding to obtain 

digital multiplexed data and transmitting the digital 

multiplexed data, and means for allocating the system 

data including the frame synchronizing !?ignal, 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 between eacli 

adjacent ones of ·the data and the packets makes a 

vertical straight line. 

Also with the digital multiplex transmission 

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 

characteristic of the system, and consequently~ the 

system can be built up in accordance with an object of a 

user. Accordingly, when a reception antenna is small ·or 

when the weather is bad, the redundancy of convolution 

codes is 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 
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is decreased to increase the amount of information of 

digital data in one fi:ame,·. then the quality of j:he 

picture can be improved. ·Further, since the frame is 

partially constituted from packets, the number of · 

multiplex channels of data in the packets can be set 

freely. 

The allocating means.may construct the· two­

dimensional multiplexed frame such that the system data 

includin·g 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-dimenslonai frame such that a 

boundary. between 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 ·pe_rformed in uni ts of a 

packet. c_onsequently, 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. l is a block ·diagram of an encoder of a 

digital multiplex transmission system 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 constructions which may be 

employ~d in the digital multiplex transmission system of 

the present invention; 

FIG. 11 is a table illustrating a corresponding 

relationship among the transmission rate, the 

information rate, the frame frequency and the horizontal 

size of a frame; 

FIGS. 12(a} and 12(b} are diagrammatic views 

illustrating a dif°ferent 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 shbwing a frame 

for digital mu.l tiplex transmissi.on of voices. 
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FIG. l shows an encoder of a digital mu;t.tiplex· 

transmission system accordi-ng to the present invention. 
. . 

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

coder l for converting a· video signal into a high 

~fficiency code, an audio coder 2 for converting an 

audio signal into a high trequency code, a first 

multiplexer 3 f6r multiplexing coded digital video data 

from the video coder 1, coded digital audio data frqm 

th~·audio cod~r 2 and digital pre~iminary data, a 

scrambler 4 for scrambling mul~iplexed data from th_e 

multiplexer 3 to allow conditional accessing to be-

performed, and a scramble coritroller 5 for generating 

and applying a scrambling train to the scrambler 4 and 

applying scramble key information to a second 

multiplexer 7. 

The encoder further includes an external 

computer 6 for controlling the scramble controller 5 

from the outside, the second multiplexer 7 for 

multiplexing scrambled data from the scrambler 4 and 

scramble key information from the sc·ramb1e controller 5 

to tonstruct a two-dimensional frame which will be 

hereinafter described, a Reed-Solomon coder 8 for 
.. 
converting a code block in a horizontal direction of a 
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two-dimensional frame into a Reed-Solomon code, a third 

multiplexer 9 for adding system data to a two-

dimensional frame, a convolution coder 10 for coding a 

two-dimensional frame by convolution coding by which the 

redundancy can be changed, and a QPSK ~odulator 11 for 

modulating· convolution coded multiplexed data from the 

convolution coder 10 by four phase shift keying 

modulation to produce an intermediate frequency signal. 

The encoder shown in FIG. 1 multiplexes data so 

that they may have such a two-dimensional frame· 

construction as, for example, illustrated in FIG. 3 •. In 

particular, FIG. 3 illµstrates ·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 frame size of 160 bits in a 

horizontal direction and. 64 x 8 bits in a vertical 

direc_tion, and the frame frequency is 500 Hz. 

Referring to FIG. 3, the first region includes 1 

x 16 words alloc~ted to system data representative of a 

co~struction in the frame with a frame synchronizing 

pattern positioned at the .top. . Two regioris each 

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

preiiminary data 2. The two data regions can be used 

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

is allocated to scramble control data which are 

information for conditional accessing such as scramble 

key information. A still further next region includes 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 region 

of 12 x _64 words is allocated to Reed-Solomon codes of 

12 words which are added so that error correction 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· adjacent regions of the data may 

make a vertical straight line, and the information rates 

of the individual data are defined as given below: 

video data 36.352 Mbps 
• 

audio data 512 kbps 

preliminary data 1 256 kbps 

preliminary data 2 256 kbps 

scramble control data 256 kbps 

system data 256 kbps 

This Sheet Has Been Replaced 
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Reed-Solomon codes 3.072 Mbps 

Subsequently, operation of the encoder shown in 

FIG. 1 will be described with reference to FIG. 3. A. 

video signal and an audio signal are coded by 
. . 

compression coding by the coders 1 and 2, respectively, 

so that they are converted into high efficiency coded 

data. The video data and the audio data converted into 

the high efficiency coded data a.re applied together with 

preliminary data to the first multiplexer 3, by which 

they are multiplexed in a time series relationship. 

The thus m~ltiplexed data are applied to the 

scrambler 4, by which they are scrambled to ·allow 

conditional accessing to be performed. A-scrambling 

train is applied to the scramble 4 from the· scramble 

control circuit 5, and the multiplexed data outputted 

from the first multiplexer 3 are scrambled with the 

scrambling train. Meanwhile, in order to allow 

descrambling on the reception side, scramble control 

data such as scramble key information are outputted from 

the scr·amble controller 5 and applied to the second 

multiplexer 7. 

Further, in order to· allow conditional accessing 

to be controlled from the outside, the external computer 

6 is connected to the scrambie controller 5. The 
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multiplexed data scrambled by the scr.ambler 4 and the 

scrambie control data are multiplexed by the second 

multiplexer.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 

·wo.rds 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 data are added to:the top of the 

frame by the third multiplexer 9, thereby to obtain a 

f~ame of the construction shown in FIG. 3. It is to be 

note~ that the frame synchronizing pattern in the system 

data positioned at the top of the frame is constituted 

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

1101 1100 1110, and ori the reception side, the pattern 

is detected to detect that a frame is det~cted. 

Further, each word includes 8 bits arranged ·in a 

vertical direction. Con.sequently, one code block in a 
. . 

horizontal direction of a f.rame including a Reed-Solomon 

code is.constituted from 8 x 160 b~ts. Accordingly, the 

. information tr_ansmission 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 

f.rom the multiplexer 9 to the convolution coder 10, by 

which they are coded by convolution coding at the rate 

of 5/6. This cortvolution coding is pet~ormed in order 

to provide a redundancy to multiplexed data for 

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 decqding. It is to be noted that 

such scanning in a vertical.direction to send out.data 

of a frame is. called interleaving, and if interleaving 

is performed, a burst error which may be produced in a 
. . 

transmission line will be made a dispersed short error. 

Here, while the· rate of the data outputted from 

the convolution coder 10 is the transmission· rate of the 

encoder, the transmission rate is 40.96~+ 5/6 = 49.152 

Mbps. Then, the multiplexed data convolution coded by 

the convolution coder 10 are applied as a modulation 

signal to the QPSK modulator 11, by which four phase 

$hift keying modulation ~s performed to produce an 

intermediate frequency signal. The intermediate 

frequency signal obtained by such four phase shift 
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keying modulation is applied to a transmission section 

not shown so that it is converted into a signal of a 

transmission frequency, which is transmitted, for 

example, from an antenna of an artificial satellite. 

The digital multiplexed data transmitted in this 

manner are received by an antenna located, for example, 

on the ground and then decoded by·a decoder provided in 

a reception section. Such decod~r is shown in FIG. 2. 

Referring to FIG. 2, the decoder shown includes 

a QPSK demodulator 20 for demc;>dulating c;i received 

intermediate frequency signal modulated by four phase 

shift keying modulation by four phase shift keying. 

demodulation, a bitervi decoder 21 for decoding 

1 

, 
convolution coded multiplexed data by bitervi decoding I 
to effect error· correction, a first demultiplexer 22 for 

separating sy·stem data from a deinterleaved fr:ame, a 

Reed-Solomon decoder 24 for effecting error correction 

of data using a Reed-Solomon code added in· units of a 

block in a horizontal direction of a deinte:leaved 

frame, a second demultiplexer 24 for separatin9 scramble 

control data, and a descrambler 25 for descr.ambling · 

output data of the demultiplexer 24 using a descrambling 

.train applied thereto from a descramble controller 26. 
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The descramble controller 26 generates a 

descrambling train from scramble· control data separated 

by the demultiplexer 24 and applies the descrambling 

train to the descrambler 25. The.decoder further 

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 

demu.l tiplexing descrambled multiplexed data into video 

data, audio data and preliminary data, a video decoder 

29 .for decoding video data from the demultiplexer 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 the bitervi decoder 22. The convolqtion 

coded digital data are decoded after an error. thereof is 

corrected by the bitervi decoder 22. The o~tput of the 

biter~i decoder 22 is interleaved so that it is re-

constructed into such a frame as shown in FIG. 3. From 
•. 

the thus re-constru~ted frame, system 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 

correc_ted 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 ".'hi ch scramble contr-ol data are 

separated from the digital data and applied to the 

descramble controller 26. Consequently, the -descramble 

controller 26 appl~es the descramble control data to the 

descrambler 25 which has generated a descrambling train. 

Scrambled digital data are applied to the descrambler· 25 

and are descrambled with the descrambling train, and the 

thus descrambled digital data are supplied 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. 

video data and the audio data are decoded by the 

The 

decoders 29 and 30, respectively,.to obtain original 

data. It is to be note~ that a ~N (Pse~do Noise) 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 multiplexing is 

not limited to ithe 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 rate 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. ~he 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 

allocate~ to the system data; another region of 1 x 64 

w6rds i• allocated to the preliminary data l; a further 

region of 2 x 64 words is allocated to the preliminary 

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

allocated to the scramble control data; a yet further 

region of 4 x 64 words is allocated ~o the audio data; a 

yet further regi~n 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 result, the rates of the data are defined 

as given below: 

video data 

19 
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audio data 512 kbps 

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 construction shown in FIG. 4, a 

·drop of the transmission rate is absorbed principally· by 

reduction of the rate of video data. 

FIG. 5 shows a frame construction when 

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

data of the information rate of 10.24 Mbps to obtain the 

transmission rate 6f 12.288 Mbps while the frame 

frequency of 125 Hz is used. The frame is constituted 

f rem 160 bi ts in a her izontal di r.ection and 64 words in 

• 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 4 x 64 words is allocated to the )relimiriary 

data 2; a still further region of 4 x 64 words is 

allocated to the $Cramble control data; a yet further 

region of 8 x 64 words is allocated to the audio data; a 

~et further region of 130 x 64 words is allocated to the 

J 
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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 8.832 Mbps 

audio data 512 kbps 

preliminary data 1 64 kbps 

preliminary data 2 256 kbps 

scramble· control data 256 kbps 

system data 64 kbps 

Reed-Solomon codes 768 kbps 

FIG. 6 shows a frame construction when 

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

data of the information rate of 5 .. 12 Mbps to obtain the 

. transmission ~ate of 6.144 Mbps while the ftame 

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 the preliminary data l; 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 

allocated to the scramble cor.trol data~ 'a yet further 

region of 16 x 64 words is a::ocated 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 allqcated 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 

preliminary data 1 32 kbps 

preliminary data 2 256 kbps 

scramble contt'ol data 256 kbps 

syst~m 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 decreasea·as the transmission rate 

decreases in this manner, an image of a high definition 

television system or of a hi'gh quality cannot be 

transmitted, but an image of a motion picture or movie 

which involves slow motion can be tran-smitted 

sufficiently. 
. 

Subsequently, seve~al frame constructions when 

the rate of the convolution codes is changed wil~ be 
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described with reference to FIGS. 7 to 10. FIG. 7 shows 

a ·frame construction when 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 while the frame frequency of 125 Hz' is used. The 

· frame is constituted from 16S bits in a horizontal 

direction and 64 words in a ~ertical directi6n, 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 

f preliminary 4ata l; a further region.of 4 x 64 words is 
? t allocated to the preliminary data 2; a still further 

region 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 138 

x 64 wordi 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 8.832 Mbps 

audio data 512 kbps 

preliminary data 1 64 kbps 

preliminary data 2 256 kbps 

scramble control cat.a 256 kbps 
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system, data 

Reed-Solomon codes 

64 kbps 

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 obtain 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 verti6al direction, and a region of l 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 4 x 64 words is allo·cated to the preliminary 

data 2; a still.further region 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 ~udio data; a 

yet further region of 11~ 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 r..tre de.fine<;l 

as given below: 

video data 7.424 Mbps 

.audio. data 512 kbps 

pre:)..iminary data: 1 64 kbps 

pre.liminary data 2 256 kbps 
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scramble control data 

system data 

Reed-Solomon codes 

256 kbps 

64 kbps 

768 Mbps 

FIG. 9 shows a frame construction when 

convolution. coding of the rate of 2/3 is performed for. 

data of the information rate ot 8.192 Mbps to obtain the 

transmission rate of 12.288 Mbps while the frame 

f.requency 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; anothe~ region of 1 x 64 

words is allocated to the preliminary data l; 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 

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 98 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 "6. 272 MbJ?S 

audio data. 512 kbps 

preliminary data . 64 kbps· .:.. 
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preliminary data 2 

scramble control data 

system data 

Reed-Solomon codes 

256 kbps 

256 kbps 

64 kbps 

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 frame is constituted 

from 96 bits in a horizontal direction and 64 words in a 

vertical direction, and a region of l 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 

allocated to .the scr·amble control data; a y_et further 

region of ~ 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 

allocated to the Reed-Solomon codes. 

64 words is 

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

as given below: 

video data 

audio data 

.... 
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preliminary data 1 64 _kbps 

prelimin~ry data 2 256 kbps 

scramble control data 256 kbps 

system data 64 kbps 

Reed-Solomon codes 768 Mbps 

FIG. 11 shows a table indicating the 

corresponding relationship among the information rate, 

the frame frequency and the horizontal size of a frame 

which are changed when the transmission rate is· changed 

over among the four stages and the rate of the 

convolution codes is changed over among the five stag~s 

as desc~ibed above. Referring.to FIG. 11, the band 

width is a band width allocated to transmission of 

digital multiplexed data from within a transmission band 

posses~ed by the tr~nsmission apparatus of the 

artificial satellite or the like, and the transmission 

rate is determined in response to the band width. While 

also the information rate ·is determined from the 

transmission rate,· in the present invention, the 

information rate is determined from the rate of the 

convolution coding and the transmission rate. 

Consequently, even when the transmission rate is 

fi~ed, the following operation can be achieved-by 

changing the rate of the co~~olution coding. When the 
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quality of the transmission line is. deteriorated, the 
. . 

rate of the convolution coding is changed so as to 

decrease thereby to increase the redundancy to increase 

the error correction faculty to achieve regular 

reception. On the other hand, when the ·quality of the 

transmission line is high, the rate of the convolution 

coding is changed so as to increase thereby to raise th~ 

information rate so that a larg~ amount rif data can be· 

transmitted at a high rate. 

In the case of, for example,• 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 

quality is required, data are transmitted using the 

information rate of 20 Mbps or so. Further, in the case 

of a high definition television image, the information 

rate of 30 Mbps to 40 Mbps is selected to transmit data. 

Subsequently, a different frame cor.~truction 

according to the present in~ention will be described 

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

construction shown is different from the frame 

constructions described hereinabove in that video data 

and audio data.make up packets to be transmitted. In 
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particular, while the present frame construction is 

similar to the frame constructions described hereinabove 

in that regions are allocated in vertical columns to 

system data, pr.eliminary data 1, preliminary. data 2, 

scramble control data and Reed-Solomon codes, it is 

different in that the region allocated to video data and 

audio data is formed as packets of video data and audio 

data. 

FIG. 12(a) shows the construction of a frame 

when the information rate is. 32. 768 Mbps; the 

transmission rate is 40.96 Mbps at the rate of 

convoluti6n coding of 4/5 and is 49.152 Mbps at the rate 

of convolution coding of 2/3; and the frame frequency is 

500 Hz. FIG. 12(b) shows the construction of the 

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 region of 1 x· 64 

words is allocated to the system data; another region of 

1. x 64. words is allocated to th~ preliminary data l; a 

further region of 1 x 64 words 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 regiori of 12 x 64 words is allocated to the 

packet section of audio ca:a a~d 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 28.67~ Mbps 

.audio data 256 kbps 

preliminary data 1 256. kbp·s 

preliminary data 2 256 kbps 

scramble control data 256 kbps 

system data 256 kbps 

Reed-Solomon codes 3.072 Mbps· 

M~anwhile, one packet is constitute?, as seen in 

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

arranged in a vertical column. At the tqp of the 

packet, a header is positioned and represents what kind 

of data aie included in the ~acket and information of 

multiplexing or the like. Subsequently to the header, 

packeted data of video data or audio data or the like 

are positioned, and at the last end of. the pncket, a CRC 

(Cyclic Redundancy Check} code for detecti~g an error ·is 

positioned. The ~eader is constituted f~orn 2 words: the 

data are constituted from 108 words; and the CRC code is 

constituted· from 2 words. 
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A total of 64 packets of such construction as 

described above are arranged vertically 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. 

Consequently, such channel multiplexing transmission can 

be performed that, for example, instead.of sending 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 

bf scrambling trains can be perfor~ed in units of a 

packet, and consequently, cancellation of scrambling or 

unauthorized decoding of a patticular channel can be 

prevenfed. While an example of a frame.which employs a 

packet is shown in FIGS. 12(a) and 12(b), the size or 

any other parameter of a fra~e is not limited to.that of 
. ' 

the specific example. and may be var ie·a suitably in 

accordance.with the tra~s~iss:o~ rate or some other 
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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 inspecfion word 

number may be increased in order to raise the correction 

·faculty for Reed-Solom6n codes. Fur~her, in order to 

transmit a greater amount of information, the inspection 

word number of Reed:--Solomon codes may be· set to a value 

lower than 12, and -the number of preliminary data or the 

information amount of audio.data may be increased or 

decreased suitably. 

Having now fully described the invention, it 

will be apparent to one of 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. 

J . 
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CLAIMS 

1. A digital multiplex transmission system, 

comprising: 

means for multiplexing at least digital audio 

data ·and digital video data and scrambling the 

multiplexed 'data with a scramb~ing train; 

means for multiplexing tbe scrambled data with 

scramble control data and system data to -allocate the 

data on a two-dimensional frame such that a boundary 

between each adjace~t 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 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 _the digital 

multiplexed data. 

2. A digi~al multiplex transmission system 

according to claim 1, further co~prising means for 

changing over the redundancy of the convolution codes 

among 7/8, 5/6, 3/4, 2/3 anc :..;2, and means operable 

upon changing over .of the :e~~~aa~cy of the convolutio~ 
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codes for changing the allocation width of video data 

the two-dimensional frame in response to a new 

redundancy value so that the digital multiplexed data 

may be transmitted at a fixed tra,rismission rate. 

3. A digital mul tiplex·er transmission system 

according to claim 1 or 2, furtheieomprising m_eans for 

changing over the transmission rate in response to a 

transmission band width to.be used. 

4. A digital multiplex transmission system, 

comprising: 

means for multiplexing at least digital audio 

data and digital vldeo data and scrambling the 

multiplexed data with a scrambling train; 

means for multiplexing the scrambled data with . . 
scramble control data and system data to allocat~ the 

data on a two-dimensional frame and coding the f rarne in 

units of a block in a horizontal direction by Reed- . 

Solomon coding 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 the digital 

multiplexed data; and 
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means for allocating the system data including 

the frame synchronizi~g signal, the scramble control 

data, packets i~cluding the audio data and the digital 

data, and the Reed-Solomon codes on the two-dimensional 

frame such that a boundary between each adjacent ones of 

the data and the packets makes a vertical straight line. 

5. A digital mult~plex transmission system 

according to claim 4, wherein said allocating means 

constructs the two-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 between each adjacent ones of the 

·aata and the packets makes a vertical straight line. 

6. A digital multiplex transmission system 

according to claim 4 or 5, further ~irig means for 

changing over the redundancy of the convolution code 

among 7/8, 5/6, 3/4, 2/3 and 1/2, and means operable 

upon changing over of the redundancy of the co~volution 

codes f6r changing the allocation width of the packets 

in response to a new redunda~cy value so that the 

~igital multiplexed data n:.ay be transmitt.ed at a fixed 

trarismission rate. 
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7. An encoder for a digital multiplex 

transmission system, comprising: 

~ first multiplexer for multiplexing at least 

digital audio data and digital video data;· 

a second multiplexer.for scrambling the dat:a 

multiplexed by said first multiplexer with a scrambling 

train and mul·tiple~ing the scrambled data and scramble 

control data by allocating them on a two-dimensional 

frame; 

a Reed-Solomon coder for coding the frame 

·multiplexed by said second· multiplexer in units of a 

block in a horizontal direction 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 Re.ed-Solomon · codes have been 

added; 

a convolution coder for coding the data of the 

frame outputted .f~om said third multiplexer by 

convolution coding; and 

a phase shift keying modulator for modulating 

the data convolution coded ·by said convolution coder by 

phase shift keying modulation and transmitting· the thus 

modulated data. 
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8. An encoder according to claim 7, wherein 

said second multiplexer allocates the scramble control 

data, the audio data.a~d the video data to the two­

dimensional frame such that a boundary between each 

adjacent ones of the data may make a vertical straight 

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 iccording to cliim 7, wherein 

said second multiJ;>lexer, said Reed-Solomon·coder and 

said third multiplexer construct the two-dimensional 

multiplexed frame such that the system data including 

the frame synchionizing signal, packets including the 

scramble control data as well as the audio data and the 

vide6 d~ta, and the Reed-Solomon codes are allocat~d on 

the two-d1mensional frame such that a boundary between 

each adjacent ones of the data and the packets makes a 

vertical straight line. 

10. A digital multiplex transmission system, 

comprising: 

means for multiplexing at least digital audio 

data and digital video data a~d scrambling the 

multiplexed data with a scra:bling train;· 
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means fo~ multiplexing the scrambled data with 

scramble control data to allocate the data on a two­

dimensional frame and coding the frame in units of a 

block in a horizontal direction by Reed-Solomon coding 

to add Reed-Solomon codes to the frame; 

mearis for adding system data to. the two-

\ 
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. dimensional frame, process~ng the resulted data by 

convolution coding and phase shift keying modulation to 

to encode them to obtain encoded data and transmitting 

the encoded data; 

means ·for .demodulating the thus transmitted 

digital data multipl~xed in a two-dimensional frame by 

phase shift keying demodulation, decoding the 

demodulated data by biter.vi .decoding to correct an error 

.of the convolution coded digital multiplexed data, and 

correcting. an err'or of the frame in uni ts of a block in 

a horizontal direction using one of the Reed-Solomon . 
• 

codes ad9ed to the frame;. 

means for separating the scramble c~ntrol data 

from the multiplexed .data after the error correction and 

descrambling. t"he multiplexed data with the thus 

separated scramble control data; and 

I 
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·means for demultiplexing the _descrambled 

multiplexed data into video data, audio data and 

preliminary data. 

11. A decoder for a digital multiplex 

transmission system, comprising: 

a bitervi 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 ~ultiplexed data; 

a descrambler for separating scramble control 

data from the multiplexed data after the error 

correction and descrambling the multiplexed dat_a 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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