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(57) A digital signal multiplexing apparatus is pro-
vided which can multiplex service data having a plurality
of different bit rates and change the bit rate even during
signal transmission. A controller generates multiplex
configuration information indicating how service data is
multiplexed, in accordance with instructions, and gener-
ates commands whose contents match the multiplex
configuration information. The generated multiplex con-
figuration information is written in a memory circuit, and
the generated command is converted by a CPU into a
control signal for encoders. The multiplex configuration
information read from the memory circuit is encoded by
a convolution encoder into a predetermined format. A
plurality of service data sets are encoded by convolution
encoders into predetermined formats in accordance
with control signals converted by CPU, and multiplexed
by a multiplexer circuit. The data encoded by the convo-
lution encoder and the data multiplexed by the multi-
plexer circuit are further multiplexed by another
multiplexer circuit.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a digital signal mul-
tiplexing apparatus for multiplexing a plurality of service
data sets time sequentially on a baseband, and more
particularly to a digital signal multiplexing apparatus of a
test signal generator used for simulation of a receiver of
a digital audio broadcasting system of European Tele-
communication Standard.

2. Description of the Related Art

A CS PCM music broadcasting system using a
communication satellite CS is known as a broadcasting
system which multiplexes service data time divisionally
on a baseband. With this system, six channels of sig-
nals of 2.048 Mbps of the PCM music broadcasting for-
mat of BS broadcasting are multiplexed. Service data to
be multiplexed has a fixed bit rate of 2.048 Mbps.

The digital audio broadcasting (hereinafter repre-
sented by DAB) system of European digital audio
broadcasting specifications uses formats by which serv-
ice data corresponding to one channel of conventional
broadcasting (programs) can be multiplexed a plurality
of times at different bit rates and by which bit rates of
multiplexed service data can be made variable during
broadcasting without deteriorating time sequential con-
tinuity (this case will be called multiplex re-configuration
where applicable).

As stipulated in the European DAB specification
(European Telecommunication Standard, ETS300 401),
information to be transmitted includes a sync channel
for transmitting sync information required for synchroni-
zation at a receiving site, a fast information channel
(hereinafter represented by FIC where applicable) for
multiplexing information necessary for tuning at a
receiving site and program auxiliary information, and a
main service channel (hereinafter represented by MSC
where applicable) for multiplexing service data such as
audio data.

For a digital signal multiplexing apparatus of the
DAB specification, it is necessary to convert multiplex
configuration information (hereinafter represented by
MCI where applicable) into the FIC format and multiplex
the information. It is also necessary to encode MSC so
as to match the multiplex configuration information
(MCI). If the bit rate of the service data is changed dur-
ing multiplex re-configuration, it is necessary to change
settings of an encoder at the designated timing. Partic-
ularly, time interleave is performed over frames in the
unit of frame with the interleave depth of 15 frames at a
maximum. Therefore, if the bit rate is changed in multi-
plex re-configuration, it is necessary to consider a time
required for a time interleave process in order to correct
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the timing for switching of puncturing by a convolution
encoder. Specifically, if the bit rate is changed slow,
puncturing is required to be changed 15 frames before
such a change.

However, a digital signal multiplexing apparatus has
been realized as yet which can multiplex a plurality of
service data sets having different bit rates in the form
matching multiplex configuration information designated
by a user in advance and which can change bit rates
even during signal transmission.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a
digital signal multiplexing apparatus which can multiplex
a plurality of service data sets having different bit rates
in the form matching multiplex configuration information
designated by a user in advance and which can change
bit rates even during signal transmission.

According to one aspect of the present invention, a
digital signal multiplexing apparatus for multiplexing,
time divisionally on a baseband, a plurality of service
data sets having different bit rates is provided which
comprises: information generating means for generat-
ing multiplex configuration information indicating how
service data sets are multiplexed, in accordance with
designated information, and generating a command
whose contents match the multiplex configuration infor-
mation; a memory circuit for storing the multiplex config-
uration information generated by the information
generating means; means for controlling to write the
multiplex configuration information into the memory cir-
cuit and converting the command generated by the
information generating means into control signals for
encoders; a first encoder for encoding the multiplex con-
figuration information read from the memory circuit in
accordance with a predetermined format; second
encoders for encoding the plurality of service data sets
in accordance with the control signals converted by the
controlling and converting means and in accordance
with predetermined formats; a first multiplexer circuit for
multiplexing the plurality of service data sets encoded
by the second encoders; and a second multiplexer cir-
cuit for multiplexing the data encoded by the first
encoder and the data multiplexed by the first multiplexer
circuit.

A plurality of service data sets having difference bit
rates can be multiplexed in the following manner. The
information generating means generates multiplex con-
figuration information indicating how service data sets
are multiplexed, in accordance with designated informa-
tion, and generating a command whose contents match
the multiplex configuration information. The controlling
and converting means controls to write the generated
configuration information into the memory circuit and
converting the generated command into control signals
for encoders. The first encoder encodes the multiplex
configuration information read from the memory circuit
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in accordance with a predetermined format. The second
encoders encode a plurality of service data sets in
accordance with the control signals converted by the
controlling and converting means and in accordance
with predetermined formats. The first multiplexer circuit
for multiplexing the plurality of service data sets
encoded by the second encoders, and the second mul-
tiplexer circuit multiplexes the data encoded by the first
encoder and the data multiplexed by the first multiplexer
circuit.

The digital signal multiplexing apparatus may fur-
ther comprise an encoder control circuit for switching
control signals of the second encoders at each desig-
nated frame in accordance with the plurality of multiplex
configuration information data sets read from the mem-
ory circuit, wherein the multiplexing states are periodi-
cally changed while retaining a time sequential
continuity.

The encoder control circuit switches control signals
of the second encoders at each designated frame in
accordance with the plurality of multiplex configuration
information data sets read from the memory circuit,
wherein the multiplexing states are periodically
changed while retaining a time sequential continuity.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram showing the structure of a
digital signal multiplexing apparatus according to an
embodiment of the invention.

Figs. 2A and 2B are schematic diagrams illustrating
the contents of a memory circuit of the digital signal
multiplexing apparatus of the embodiment.

Figs. 3A, 3B-1 and 3B-2 are schematic diagrams
illustrating CIF multiplexing positions according to the
digital signal multiplexing apparatus of the embodiment.

Figs. 4A and 4B are schematic diagrams illustrating
the change in the sub channel size at the input/output of
a time interleave circuit during multiplex re-configuration
according to the digital signal multiplexing apparatus of
the embodiment.

Figs. 5A to 5B are schematic diagrams illustrating
switching timings when an encode control circuit out-
puts a control signal during multiplex re-configuration
according to the digital signal multiplexing apparatus of
the embodiment.

Fig. 6 is a flow chart illustrating the operation of a
CPU upon reception of a command according to the
digital signal multiplexing apparatus of the embodiment.

Fig. 7 is a schematic diagram showing the transmis-
sion format used by the digital signal multiplexing appa-
ratus of the embodiment.

Fig. 8 is a schematic diagram showing the relation-
ship between a CIF, a sub channel and a CU used by
the digital signal multiplexing apparatus of the embodi-
ment.

Fig. 9 is a schematic diagram showing the FIB for-
mat used by the digital signal multiplexing apparatus of
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the embodiment.

Fig. 10 is a schematic diagram showing the format
of the FIG field of a type "0" used by the digital signal
multiplexing apparatus of the embodiment.

Fig. 11 is a schematic diagram showing the format
of the FIG field of a type "0" and an extension "1" used
by the digital signal multiplexing apparatus of the
embodiment.

Fig. 12 is a schematic diagram showing the format
of the FIG field of a type "0" and an extension "0" used
by the digital signal multiplexing apparatus of the
embodiment.

Figs. 13A to 13C are schematic diagrams illustrat-
ing switching by a convolution encoder used during mul-
tiplex re-configuration according to the digital signal
multiplexing apparatus of the embodiment.

Fig. 14 is a table showing the relationship between
an index and a sub channel size (puncturing informa-
tion) according to the digital signal multiplexing appara-
tus of the embodiment.

Fig. 15 is a block diagram showing the structure of
a convolution encoder used by the digital signal multi-
plexing apparatus of the embodiment.

Fig. 16 is a table showing the relationship between
an index and a protective profile according to the digital
signal multiplexing apparatus of the embodiment.

Fig. 17 is a table showing puncturing vectors of the
digital signal multiplexing apparatus of the embodiment.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The digital signal multiplexing apparatus of this
invention will be described in connection with preferred
embodiments. Fig. 1 is a block diagram showing the
structure of a digital signal processing apparatus
according to an embodiment of the invention, in which
one channel ¢ of MPEG audio signals and another
channel ¢’ of MPEG audio signals are used as service
data to be multiplexed.

Prior to the description of the digital signal multi-
plexing apparatus according to the embodiment of the
invention, the fundamental data structure stipulated in
the DAB specification (European Telecommunication
Standard, ETS300 401) will be briefly described.

As shown in Fig. 7, a transmission frame is consti-
tuted of a sync channel (Sync), an FIC and an MSC. FIC
is constituted of a plurality of data blocks of 256 bits
called a fast information block (hereinafter represented
by FIB where applicable). FIB has control information
about service data multiplexed as MSC, and the essen-
tial part of this control information is multiplex informa-
tion data called an MCI. FIC is not time-interleaved,
whereas MSC is time-interleaved.

As shown in Fig. 7, MSC is constituted of one com-
mon interleaved frame (hereinafter represented CIF
where applicable) if the transmission mode is "2" or "3,
or of four CIF's if the transmission mode is "1". CIF is
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data of MPEG audio signals made of frames of 24 ms
period and a plurality of encoded service data sets mul-
tiplexed in the unit of 24 ms frame. This frame is a basic
unit of time interleave process. The structure of this
frame is shown in Fig. 8. The relationship between CIF
and MSC is as shown in Fig. 7.

As shown in Fig. 8, CIF is constituted of a plurality
of sub channels. A sub channel means encoded service
data. CIF is constituted of addressable capacity units
(hereinafter represented by CU where applicable). CU
is made of 64 bits, and CIF is made of 55296 bits.
Therefore, CIF is constituted of 864 CU's. In Fig. 8, a
term "SubChld" means a sub channel identification
symbol.

A general structure of FIB is shown in Fig. 9. FIB is
constituted of a plurality of fast information groups
(hereinafter represented by FIG where applicable)
called a data group and a cyclic redundancy code
(CRQC). FIG is constituted of a FIG header and a FIG
data field. The FIG header is made of three bits (b7 to
b5) indicating an FIG type and five bits (b4 to b0) indi-
cating a length of the FIG data field.

The FIG data field for a FIG type "0" is structured as
shown in Fig. 10. C/N at the bit b7 is a flag indicating
whether the FIG data field is current or next multiplex
information. The bits b4 to b0 (extension bits) are an
identification code indicating the type of contents of the
FIG data field, and essential information about the mul-
tiplex configuration is stored in the extensions "0" and
"1",

The FIG data field for the FIG type "0" and for the
extension "1" (FIG 0/1 is shown in Fig. 11. Ten bits from
the bit b9 to b0 indicate a start address (0 to 863) of CU.
Of a term "short/long form”, the short form indicates
audio service and the long form indicates data service.
The size and protection of the short form is indicated by
indices.

The FIG data field for the FIG type "0" and for the
extension "0" (FIG 0/0) is shown in Fig. 12. In Fig. 12,
thirteen bits from the bit b12 to b0 labeled as "CIF
COUNT" indicate a count of a CIF counter for counting
succeeding CIF's. Of these bits, five bits from the bitb12
to b8 are upper bits of the CIF counter, and the remain-
ing eight bits from the bit b7 to b0 are lower bits of the
CIF counter. A change flag is a flag indicating a pres-
ence/absence of multiplex re-configuration. If this flag is
"00", it means no multiplex re-configuration and in this
case an occurrence change is not added. In other
cases, eight bits of the occurrence change are added.

Time interleave is performed between frames and
the depth of time interleave has sixteen variations over
the range from the 0-th frame to 15-th frame. Therefore,
a time interleave process takes a time corresponding to
15 frames at a maximum, and this process time is
required to be considered when multiplex re-configura-
tion occurs.

In Figs. 13A to 13C, the abscissa represents the
number of frames and the ordinate represents a bit rate
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(bits per frame). Fig. 13A shows a sub channel No. 1
before time interleave. If the units increase from four
CU's to six CU's, the bit rate changes at time t2, and if
the units decrease from six CU's to four CU's, the bit
rate changes at time t3. Fig. 13B shows a sub channel
No. 2 before time interleave. If the units decrease from
six CU's to four CU's, the bit rate changes attime t1, and
if the units increase from four CU's to six CU's, the bit
rate changes at time t4. The periods between the times
11 and 2 and between the times t3 and 4 are each 15
frames.

Fig. 13C shows sub channels after time interleave.
The time {2 corresponds to the first occurrence change
position, i.e., the first switching position, and the time 4
corresponds to the second occurrence change position,
i.e., the second switching position. The period between
the times 12 and 14 corresponds to a fixed number of
frames which is stipulated to be 250 frames at a mini-
mum.

Returning back to Fig. 1, a controller 1 such as a
personal computer generates multiplex configuration
information (MCI) of a DAB format (i.e., assembles fast
information block (FIB)) and generates a command hav-
ing contents matching MCI, the command being used
as a control signal for an MSC encoder. FIB including
MCI of the DAB format is indicated at a and the com-
mand having contents matching MCl and generated as
a control signal for the MSC encoder is indicated at b.
The controller 1 communicates with a CPU 3 via an
interface circuit 2.

FIB data (multiplex configuration data) a of the DAB
format is stored in a memory circuit 4 via and under the
control of CPU 3. The stored FIB data (multiplex config-
uration data) a is read synchronously with a count of a
CIF counter 7 which is a frame counter for counting
CIF's in the unit of frame. The read FIB data is scram-
bled by a scramble circuit 5, and convolution-encoded
by a convolution encoder 6 and output therefrom as FIC
data f.

Commands for MSC encoders 150 and 151 are
converted by CPU 3 into commands easy to be proc-
essed by the encoders 150 and 151, and input to an
encoder control circuit 8. Control signals d and e output
from the encoder control circuit 8 are supplied synchro-
nously with a count of the CIF counter 7 to a convolution
encoder 10 and a multiplexer circuit 12 serving as a
main service multiplexer, respectively.

An MPEG audio signal ¢ of one service data input
to the MSC encoder 150 is scrambled by a scramble cir-
cuit 9, convolution-encoded by the convolution encoder
10 which is controlled by the control signal d, and time-
interleaved by a time interleave circuit 11.

Similarly, another MPEG audio signal ¢’ of the other
service data input to the MSC encoder 151 is scram-
bled, convolution-encoded, and time-interleaved.

The MPEG audio signal ¢ time-interleaved and out-
put from the MSC encoder 150 and MPEG audio signal
¢ time-interleaved and output from the MSC encoder
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151 are multiplexed and converted into MSC data (CIF)
by the multiplexer circuit 12 which is controlled by the
control signal e from the encoder control circuit 8. The
MSC (CIF) data g multiplexed by the multiplexer circuit
12 is further multiplexed with the FIC data f by another
multiplexer circuit 13 which is a transmission multi-
plexer, and output as a DAB transmission frame.

The operation of the digital signal multiplexing
apparatus of this embodiment constructed as above will
be described. In correspondence with two types of the
multiplex re-configuration, terms such as service A,
index A and start address A are used for one type and
terms such as service B, index B and start address B
are used for the other type.

A user first designates from the controller 1 "0" or
"1" to set the multiplex re-configuration flag, one of "0 to
249" to set the occurrence change position, one of "0 to
863" to set the start address A, one of "0 to 63" to set
the index address A, one of "0 to 863" to set the start
address B, and one of "0 to 63" to set the index B.

These values set by the user are supplied, as the
commands b, from the controller 1 to the interface circuit
2 and to CPU 3 which converts the commands b into
data easy to be processed by the encoders. The con-
verted data is supplied to the control circuit 8.

In accordance with the values set by the user, the
controller 1 generates FIB data a. This FIB data a is
generated by setting the start address, table index and
index (size) of the FIG data field for the FIG type "0" and
for the extension "1" (FIG 0/1) (refer to Fig. 11). If the re-
configuration flag is "1", i.e., if the multiplex re-configu-
ration is instructed, the occurrence change value set by
the user is set to the occurrence change position of the
FIG data field for the FIG type "0" and for the extension
"0" (FIG 0/0) (refer to Fig. 12).

The FIG data fields of FIG (0/1) and FIG (0/0) set
with the above values are added with the FIG headers in
conformity with the formats shown in Figs. 9 and 10. In
accordance with the format shown in Fig. 9, other FIG's
are multiplexed and a CRC is added to thereby obtain
the FIB data a. The FIB data a of 500 frames converted
in the above manner is supplied via the interface circuit
210 CPU 3.

Setting the number of frames to 500 frames allows
multiplexing of two service data sets from the following
reason. As described with Figs. 13A to 13C, the mini-
mum number of frames between the first and second
occurrence positions is stipulated to be 250 frames.
This means that the multiplex configuration of at least
250 frames is not changed so that 500 frames are suffi-
cient to realize multiplexing of two service data sets.

If the multiplex re-configuration flag is set, in one
frame of service (A) among 500 frames, the start
address A and index A are set to FIG (0/1) whose C/N
flag (refer to Fig. 10) is "0 (current multiplex configura-
tion)", whereas the start address B and index B are set
to FIG (0/1) whose C/N flag (refer to Fig. 10) is "1 (next
multiplex configuration)”.
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In one frame of the other service (B) among 500
frames, the start address B and index B are set to FIG
(0/1) whose C/N flag (refer to Fig. 10) is "0 (current mul-
tiplex configuration)”, whereas the start address A and
index A are set to FIG (0/1) whose C/N flag (refer to Fig.
10) is "1 (next multiplex configuration)”.

If the multiplex re-configuration flag is not set, i.e,, if
there is no multiplex re-configuration, information of the
start address and index is set in accordance with the
format (FIG (0/1)) of the DAB specification. FIG (0/0)
and FIG (0/1) in FIB constitute multiplex configuration
information (MCI).

The CIF counter 7 for counting CIF's in the unit of
frame is a 13-bit counter in which the upper five bits
count from "0 to 19" and the lower eight bits count from
"0 to 249" so that this counter is a base 5000 (20 x 250)
frame counter.

The FIB data a of the FIB format generated by the
controller 1, interface circuit 2 and CPU 3 is stored in the
memory circuit 4. As described earlier, the capacity of
the memory circuit 4 is set so that data of 500 frames
can be stored which is the minimum necessary capacity
for realizing multiplexing of two service data sets.

As described earlier, the multiplex configuration
information is stipulated to be constant over 250 frames.
Therefore, the capacity of the memory circuit 4 is
required to store information of 500 frames in order to
realize the multiplex configuration of two service data
sets. In this connection, since the memory circuit 4 has
a capacity of 500 frames, the most severe conditions
that the configuration state changes most frequently,
i.e., the state changes every one 250-th frame, can be
simulated.

The memory circuit 4 stores therein information
(FIG 0/1) of the start address and index in conformity
with the DAB specification. In the digital signal multi-
plexing apparatus of this embodiment, two inputs are
used. For example, assuming that SubChid of the
MPEG audio signal ¢ is "1", start address and index cor-
responding to the MPEG audio signal ¢ are written in
the start address and index of SubChld = 1 in the FiG
(0/1) format. In the example shown in Fig. 2A, a start
address "0" and index "11" are written. The FIG data
stored in the memory circuit 4 is read synchronously
with counting of the CIF counter 7.

For the storage contents of the memory circuit 4
with the multiplex configuration, as shown in Fig. 2B the
multiplexing state of one service A and the other service
B changes every one 250-th frame. The occurrence
change is written in the format of FIG (0/0) at the posi-
tion corresponding to the value of the lower eight bits of
the CIF counter 7 where the multiplex re-configuration
occurs. In this example, the occurrence change position
is at "100". The start address and index are written in
FIG (0/1). In this example, the start address A of the one
service A is "0" and the index A is "11", whereas the
start address B of the other service B is "6" and the
index B is "10".
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The FIB multiplexing data a generated in the above
manner and stored in the memory circuit 4 is read syn-
chronously with counting CIF's by the CIF counter 7,
scrambled, convolution-encoded, and sent to the muilti-
plexer circuit 13.

The MPEG audio signal ¢ as the one service data is
scrambled by the scramble circuit 9 and convolution-
encoded by the convolution encoder 10. For the convo-
lution encoding, convolution puncturing and the like are
switched in accordance with the index corresponding to
the command d output from the encoder control circuit
8. After the convolution encoded oulput is time inter-
leaved by the time interleave circuit 11, it is multiplexed
with the other service data by the multiplexer circuit 12
which is controlled by the control signal e output from
the encoder control circuit 8, and further multiplexed as
a DAB transmission format.

Next, the operation of the convolution encoder 10
will be described. Each index corresponding to the com-
mand d for the MPEG audio signal ¢ output from the
encoder control circuit 8 is allocated with a sub channel
size, a protection size representative of error correction
intensity, and a bit rate to thereby determine the sub
channel size (the number of bits per frame) for an output
of the convolution encoder 10. Namely, in accordance
with the index, the convolution encoder 10 performs
puncturing and outputs the time interleaved MPEG
audio signal ¢ having the stipulated size.

More in particular, the number of bits input to the
convolution encoder 10 in the unit of frame depends on
the index. For example, if the index is 11, the bit rate is
56 kbps as shown in Fig. 14, and 1344 (56 x 24) bits per
frame are input to the convolution encoder 10 since one
frame is 24 ms. As shown in Fig. 15, the convolution
encoder 10 is constituted of a shift register 27 made of
six one-bit delays 21 to 26 and modulo-2 adders 28 to
38, and has a constraint length of "7" and an encoding
factor of 1/4. Therefore, input data is converted into a
mother code of 5400 (1344 x 4 + 24) bits.

Of 5400 bits, the first 5376 (128 x 42) bits are
divided into 42 blocks each having 128 bits. 42 blocks
are classified into levels (L1 to L4) of "6", "10", "23" and
"3" corresponding to the index "11" of an audio service
component protection profile of the DAB standard
shown in Fig. 16. These four levels are allocated with
puncturing indices (P11 to P14) of "9", "6", "4" and "5".

The 42 blocks are divided into sub blocks of 32 bits
and punctured in accordance with puncturing vectors of
the DAB specification shown in Fig. 17, by using as
parameters the above described puncturing indices (a
puncturing index "9" for the first 6 blocks, a puncturing
index "6" for the next 10 blocks, a puncturing index "4"
for the next 23 blocks, and a puncturing index "5" for the
last 3 blocks). The remaining 24 bits as tail bits are
punctured in a predetermined manner.

Convolution puncturing is switched in accordance
with indices as described above. Namely, the encoding
factor is changed by using the index as a parameter.
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Data punctured in the above manner, in this example,
35 CU's or 2240 bits, are output. This output from the
convolution encoder 10 is time interleaved. Similar
operations are executed also by the encoder 151.

Time interleaved data output from the encoders
150 and 151 is multiplexed by the multiplexer circuit 12
which is supplied with the start address and size as the
control signal e from the encoder control circuit 8. This
multiplexing will be further detailed. The multiplexing
position is determined from the start address and the
size obtained basing upon the index. Figs. 3A, 3B-1 and
3B-2 are diagrams illustrating multiplexing positions of
CIF's.

An example shown in Fig. 3A has no multiplex re-
configuration. In this example, the start address is "0"
and the index is "11" so that the sub channel size is 35
CU's (refer to Fig. 14). Multiplexing is executed from O-
th CU to 34-th CU. Since each CU has 64 bits, multi-
plexed data is a multiple of 64 bits. Examples shown in
Figs. 3B-1 and 3B-2 have multiplex re-configuration. In
these examples, the service A state (Fig. 3b-1) and
service B state (Fig. 3B-2) switch every one 250-th
frame. In the service B state, the start address is set to
6-th CU (Fig. 3B-2).

If there is no multiplex re-configuration, the values
of the start address and index are constant. As shown in
Figs. 13A to 13C, if there is multiplex re-configuration
and the bit rate becomes small, in this case if the serv-
ice A state changes to the service B state, the state is
changed 15 frames before the occurrence change
because the index supplied to the convolution encoder
10 is for the period before time interleave. If the service
B state changes to the service A state, the state
changes at the occurrence change position.

The data used at the multiplexer circuit 12 is for the
period after interleave. Therefore, the state changes
always at the occurrence change position.

This will be described with reference to Figs. 4A
and 4B. Fig. 4A shows the sub channel size before time
interleave, and Fig. 4B shows the sub channel size after
time interleave. The lower 8 bits of the count of the CIF
counter 7 are illustrated in Fig. 5A. As shown in Fig. 5B,
the LSB (5-th bit) of the upper 5 bits inverts when the
counter counts 250 CIF's. The index supplied from the
encoder control circuit 8 to the convolution encoder 10
is switched at the timing shown in Fig. 5C. Namely, the
service A changes to the service B at the timing 15
frames before the 100-th frame. The start address and
sub channel size supplied from the encoder control cir-
cuit 8 to the multiplexer circuit 12 are switched at the
timing shown in Fig. 5D. Namely, switching from the
service A to service B or vice versa is always executed
at the 100-th frame or occurrence change position.

The controller 1 transfers as the command the mul-
tiplex configuration data same as that written in the
memory circuit 4 to CPU 3. The contents of the com-
mand include the multiplex re-configuration flag, occur-
rence change position, start address A, index A, start
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address B and index B.

The operation of CPU 3 is illustrated in the flow
chart shown in Fig. 6. When a command is received, it
is checked whether the multiplex re-configuration flag is
set (Step S1). If it is judged at Step S1 that the multiplex
re-configuration flag is not set, the sub channel size of
the service A is calculated (Step S2). Calculation of the
sub channel size corresponds to reference to the table
shown in Fig. 14 by using the index as a search key.
After Step S2, the start address A, sub channel size A
and index A are output (Step S3) as indicated Process
"1"in Fig. 6.

If it is judged at Step S1 that the multiplex re-config-
uration flag is set, the sub channel sizes of the services
A and B are calculated (Step S4). After Step S4, it is
checked whether the sub channel size of the service A
is larger than that of the service B (Step S5).

If it is judged at Step S5 that the sub channel size of
the service A is larger than that of the service B, the
processes corresponding to the following are executed
and the results are output (Step S6) as indicated Proc-
ess "2" in Fig. 6.

Start address A, Sub channel Size A, Index A,
Start address B, Sub channel Size B, Index B,
Occurrence Change A = Occurrence Change,
Occurrence Change B = Occurrence Change - 15,
Occurrence Change C = Occurrence Change.

If it is judged at Step S5 that the sub channel size of
the service A is not larger than that of the service B, it is
checked whether the sub channel size of the service A
is equal to that of the service B (Step S7).

If it is judged at Step S7 that the sub channel size of
the service A is equal to that of the service B, the proc-
esses corresponding to the following are executed and
the results are output (Step S8) as indicated Process
"3" in Fig. 6.

Start address A, Sub channel Size A, Index A,
Start address B, Sub channel Size B, Index B,
Occurrence Change A = Occurrence Change,
Occurrence Change B = Occurrence Change,
Occurrence Change C = Occurrence Change.

If it is judged at Step S7 that the sub channel size of
the service A is not equal to that of the service B, the
processes corresponding to the following are executed
and the results are output (Step S9) as indicated Proc-
ess "4" in Fig. 6.

Start address A, Sub channel Size A, Index A,
Start address B, Sub channel Size B, Index B,
Occurrence Change A = Occurrence Change - 15,
Occurrence Change B = Occurrence Change,
Occurrence Change C = Occurrence Change.

One of the outputs obtained by the processes (1) to
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(4) is supplied to the encoder control circuit 8. If the mul-
tiplex re-configuration flag is "0" (if the output of the
process "1" is supplied), the index A is supplied to the
convolution encoder 10 and the start address A and
size A are supplied to the multiplexer circuit 12.

If the multiplex re-configuration flag is "1" (if one of
the outputs obtained by the processes "2" to "4" is sup-
plied), the index to be supplied to the convolution
encoder 10 is switched to the index A at the timing of the
occurrence change A for the odd frame (LSB "0" of the
upper five bits of the count of the CIF counter), or
switched to the index B at the timing of the occurrence
change B for the even frame (LSB "1" of the upper five
bits of the count of the CIF counter).

The start address and sub channel size supplied to
the multiplexer circuit 12 are switched to the start
address A and sub channel size A at the timing of the
occurrence change C for the odd frame, and switched to
the start address B and size B at the timing of the occur-
rence change C for the even frame.

As described above, according to the digital signal
multiplexing apparatus of this invention, service data
having a plurality of difference bit rates can be multi-
plexed so as to meet the multiplex configuration infor-
mation designated in advance by a user, and the bit rate
can be made variable even during signal transmission.

Claims

1. Adigital signal multiplexing apparatus for multiplex-
ing, time divisionally on a baseband, a plurality of
service data sets having different bit rates compris-

ing:

information generating means for generating
multiplex configuration information indicating
how service data sets are multiplexed, in
accordance with designated information, and
generating a command whose contents match
the multiplex configuration information;

a memory circuit for storing the multiplex con-
figuration information generated by said infor-
mation generating means;

means for controlling to write the multiplex con-
figuration information into said memory circuit
and converting the command generated by
said information generating means into control
signals for encoders;

a first encoder for encoding the multiplex con-
figuration information read from said memory
circuit in accordance with a predetermined for-
mat;

second encoders for encoding the plurality of
service data sets in accordance with the con-
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trol signals converted by said controlling and
converting means and in accordance with pre-
determined formats;

a first multiplexer circuit for multiplexing the plu-
rality of service data sets encoded by said sec-
ond encoders; and

a second multiplexer circuit for multiplexing the
data encoded by said first encoder and the
data multiplexed by said first multiplexer circuit.

A digital signal multiplexing apparatus according to
claim 1, further comprising an encoder control cir-
cuit for switching control signals of said second
encoders at each designated frame in accordance
with the plurality of multiplex configuration informa-
tion data sets read from said memory circuit,
wherein the multiplexing states are periodically
changed while retaining a time sequential continu-

ity.
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