EP 0 818 900 B1

Européisches Patentamt

European Patent Office

(19) p)

Office européen des brevets

(11) EP 0 818 900 B1

(12) EUROPEAN PATENT SPECIFICATION
(45) Date of publication and mention (51) IntCl.
of the grant of the patent: HO04J 3/16 (2006.01) HO4H 1/00 (2006.01)

13.09.2006 Bulletin 2006/37
(21) Application number: 97111462.4

(22) Date of filing: 07.07.1997

(54) Digital signal multiplexing apparatus

Digitale Multiplex-Vorrichtung

Dispositif de multiplexage de signaux numériques

(84) Designated Contracting States:
DE FR GB

(30) Priority: 08.07.1996 JP 19523596

(43) Date of publication of application:
14.01.1998 Bulletin 1998/03

Sakai, Shouichirou
Yokohama-shi,
Kanagawa (JP)
Kitano, Masahiro
Yokohama-shi,
Kanagawa (JP)
Tsurumi, Atsushi
Kawasaki-shi,

(73) Proprietor: Kabushiki Kaisha Kenwood Kanagawa (JP)
Shibuya-ku
Tokyo (JP) (74) Representative: Leinweber & Zimmermann

(72) Inventors:
¢ Matsushima, Yukio
Sagamihara-shi,
Kanagawa (JP)

Rosental 7
80331 Miinchen (DE)

References cited:
DE-A- 4 013 204
US-A- 5509 013

FR-A- 2729 030

Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art.
99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



10

15

20

25

30

35

40

45

50

55

EP 0 818 900 B1
Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a digital signal multiplexing 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 Telecommunication
Standard.

2. Description of the Related Art

[0002] 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 signals of 2.048 Mbps
of the PCM music broadcasting format of BS broadcasting are multiplexed. Service data to be multiplexed has a fixed
bit rate of 2.048 Mbps.

[0003] The digital audio broadcasting (hereinafter represented by DAB) system of European digital audio broadcasting
specifications uses formats by which service 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 continuity (this case will be called multiplex re-
configuration where applicable).

[0004] As stipulated in the European DAB specification (European Telecommunication Standard, ETS300 401), in-
formation to be transmitted includes a sync channel for transmitting sync information required for synchronization 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.

[0005] For a digital signal multiplexing apparatus of the DAB specification, it is necessary to convert multiplex config-
uration 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 during multiplex re-configuration, it is necessary to change settings of an encoder at the des-
ignated timing. Particularly, 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 multiplex re-configuration, it is necessary to consider a
time required for a time interleave process in order to correct 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.
[0006] However, no 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.

[0007] FR-A-2 729 030 deals with dynamic reconfiguration of a signal frame structure. US-A-5 509 013 deals with the
multiplexing of channels with different transmission speeds.

SUMMARY OF THE INVENTION

[0008] Itis 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.

[0009] 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: infor-
mation generating means for generating multiplex configuration information indicating how service data sets are multi-
plexed, in accordance with designated information, and generating a command whose contents match the multiplex
configuration information; a memory circuit for storing the multiplex configuration information generated by the information
generating means; means for controlling to write the multiplex configuration information into the memory circuit and
converting the command generated by the information generating means into control signals for encoders; a first encoder
for encoding the multiplex configuration 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 circuit for
multiplexing the data encoded by the first encoder and the data multiplexed by the first multiplexer circuit.
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[0010] A plurality of service data sets having difference bit rates can be multiplexed in the following manner. The
information generating means generates multiplex configuration information indicating how service data sets are multi-
plexed, in accordance with designated information, 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 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 multi-
plexing the plurality of service data sets encoded by the second encoders, and the second multiplexer circuit multiplexes
the data encoded by the first encoder and the data multiplexed by the first multiplexer circuit.

[0011] The digital signal multiplexing apparatus may further comprise an encoder control circuit for switching 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.

[0012] The encoder control circuit switches control signals of the second encoders at each designated frame in ac-
cordance 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

[0013]

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 em-
bodiment.

Figs. 5A to 5B are schematic diagrams illustrating switching timings when an encode control circuit outputs 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 transmission format used by the digital signal multiplexing apparatus of
the embodiment.

Fig. 8 is a schematic diagram showing the relationship between a CIF, a sub channel and a CU used by the digital
signal multiplexing apparatus of the embodiment.

Fig. 9 is a schematic diagram showing the FIB format used by the digital signal multiplexing apparatus of 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.
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Figs. 13A to 13C are schematic diagrams illustrating switching by a convolution encoder used during multiplex 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 information) according
to the digital signal multiplexing apparatus of the embodiment.

Fig. 15 is a block diagram showing the structure of a convolution encoder used by the digital signal multiplexing
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

[0014] The digital signal multiplexing apparatus of this invention will be described in connection with preferred em-
bodiments. 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 c of MPEG audio signals and another channel ¢’ of MPEG audio
signals are used as service data to be multiplexed.

[0015] Prior to the description of the digital signal multiplexing 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.

[0016] As shown in Fig. 7, a transmission frame is constituted 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 essential part of this control
information is multiplex information data called an MCI. FIC is not time-interleaved, whereas MSC is time-interleaved.
[0017] As shown in Fig. 7, MSC is constituted of one common 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 data of MPEG
audio signals made of frames of 24 ms period and a plurality of encoded service data sets multiplexed 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.

[0018] 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.

[0019] Ageneralstructure of FIBis showninFig. 9. FIBis constituted of a plurality of fast information groups (hereinafter
represented by FIG where applicable) called a data group and a cyclic redundancy code (CRC). 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) indicating a length of the FIG data field.

[0020] 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 multiplex configuration is
stored in the extensions "0" and "1".

[0021] 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.
[0022] 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 bit b12 to b8 are upper bits of the CIF counter, and the remaining eight bits from the bit b7
to b0 are lower bits of the CIF counter. A change flag is a flag indicating a presence/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.

[0023] 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-configuration occurs.

[0024] In Figs. 13A to 13C, the abscissa represents the number of frames and the ordinate represents a bit rate (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,
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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 at time 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 t1 and t2 and between the times t3 and t4 are each 15 frames.

[0025] Fig. 13C shows sub channels after time interleave. The time t2 corresponds to the first occurrence change
position, i.e., the first switching position, and the time t4 corresponds to the second occurrence change position, i.e., the
second switching position. The period between the times t2 and t4 corresponds to a fixed number of frames which is
stipulated to be 250 frames at a minimum.

[0026] Returning back to Fig. 1, a controller 1 such as a personal computer generates multiplex configuration infor-
mation (MCI) of a DAB format (i.e., assembles fast information block (FIB)) and generates a command having 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 command 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.

[0027] 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 configuration 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 scrambled by a scramble circuit
5, and convolution-encoded by a convolution encoder 6 and output therefrom as FIC data f.

[0028] Commands for MSC encoders 150 and 151 are converted by CPU 3 into commands easy to be processed 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 synchronously 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.

[0029] An MPEG audio signal c of one service data input to the MSC encoder 150 is scrambled by a scramble circuit
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.

[0030] Similarly, another MPEG audio signal ¢’ of the other service data input to the MSC encoder 151 is scrambled,
convolution-encoded, and time-interleaved.

[0031] The MPEG audio signal c time-interleaved and output from the MSC encoder 150 and MPEG audio signal ¢’
time-interleaved and output from the MSC encoder 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 multiplexer, and output as a DAB transmission frame.

[0032] 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.
[0033] 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.

[0034] 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 converted data is
supplied to the control circuit 8.

[0035] Inaccordance 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-configuration 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).

[0036] 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 2 to CPU 3.

[0037] 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 minimum 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 sufficient to realize multiplexing of two service data sets.

[0038] 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 configuration)", 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)".
[0039] 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 multiplex configuration)”, whereas the start address A and index A are
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set to FIG (0/1) whose C/N flag (refer to Fig. 10) is "1 (next multiplex configuration)”.

[0040] 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).

[0041] 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.
[0042] 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.

[0043] 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.

[0044] 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 multiplexing apparatus of this embodiment, two inputs are used. For example,
assuming that SubChld of the MPEG audio signal c is "1", start address and index corresponding 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.

[0045] 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 position 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 positionis 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".

[0046] 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 multiplexer circuit
13.

[0047] The MPEG audio signal c as the one service data is scrambled by the scramble circuit 9 and convolution-
encoded by the convolution encoder 10. For the convolution 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 output is time interleaved 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.

[0048] Next, the operation of the convolution encoder 10 will be described. Each index corresponding to the command
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.
[0049] 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 convertedinto a mother code of 5400 (1344 x 4 + 24) bits.
[0050] 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 (PI1 to
P14) of "9", "6", "4" and "5".

[0051] 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.
[0052] Convolution puncturing is switched in accordance with indices as described above. Namely, the encoding factor
is changed by using the index as a parameter. 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.

[0053] Time interleaved data output from the encoders 150 and 151 is multiplexed by the multiplexer circuit 12 which
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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.

[0054] 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 0-th CU to 34-
th CU. Since each CU has 64 bits, multiplexed 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).

[0055] 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 service 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.

[0056] The data used at the multiplexer circuit 12 is for the period after interleave. Therefore, the state changes always
at the occurrence change position.

[0057] 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 circuit 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.

[0058] The controller 1 transfers as the command the multiplex configuration data same as that written in the memory
circuit 4 to CPU 3. The contents of the command include the multiplex re-configuration flag, occurrence change position,
start address A, index A, start address B and index B.

[0059] 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.

[0060] Ifitis judged at Step S1 that the multiplex re-configuration 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).

[0061] Ifitis 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 Process "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.

[0062] Ifitis 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).

[0063] Ifitisjudged at Step S7 that the sub channel size of the service A is equal to that of the service B, the processes
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.

[0064] 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 Process "4" in
Fig. 6.
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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.

[0065] One of the outputs obtained by the processes (1) to (4) is supplied to the encoder control circuit 8. If the multiplex
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.

[0066] If the multiplex re-configuration flag is "1" (if one of the outputs obtained by the processes "2" to "4" is supplied),
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).
[0067] 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 occurrence change C for the even frame.

[0068] As described above, according to the digital signal multiplexing apparatus of this invention, service data having
a plurality of difference bit rates can be multiplexed so as to meet the multiplex configuration information designated in
advance by a user, and the bit rate can be made variable even during signal transmission.

Claims

1. A digital signal multiplexing apparatus for multiplexing, time divisionally on a base-band, a plurality of service data
sets having different bit rates in a frame to form a digital signal of a sequence of the frames, comprising:

information generating means (1) 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 (4) for storing the multiplex configuration information generated by said information generating
means; and

means (3, 7) for controlling to write the multiplex configuration information into said memory circuit and converting
the command generated by said information generating means into control signals for encoders;

characterized by

a first encoder (5, 6) for encoding the multiplex configuration information read synchronously with the frame timing
from said memory circuit in accordance with a Fast Information Block (FIB) format;

second encoders (150, 151) for encoding the plurality of service data sets in accordance with the control signals
converted by said controlling and converting means and in accordance with a Common Interleaved Frame (CIF)
format;

a first multiplexer circuit (12) for multiplexing the plurality of service data sets encoded by said second encoders; and
a second multiplexer circuit (13) for multiplexing the data encoded by said first encoder and the data multiplexed
by said first multiplexer circuit.

2. A digital signal multiplexing apparatus according to claim 1, further comprising an encoder control circuit (8) for
switching control signals of said second encoders at each designated frame in accordance with the plurality of
multiplex configuration information data sets read from said memory circuit, wherein the multiplexing states are
periodically changed.

Patentanspriiche
1. Vorrichtung zur Digitalsignal-Multiplexierung zum Zeitmultiplexen einer Mehrzahl von Servicedatenséatzen, die ver-
schiedene Bitraten in einem Rahmen aufweisen, auf einem Basisband, um ein digitales Signal einer Sequenz der

Rahmen zu bilden, umfassend:

eine Informationsgenerierungseinrichtung (1) zum Generieren von Multiplex-Konfigurationsinformationen, die
anzeigt, wie Servicedaten in Ubereinstimmung mit den bezeichneten Informationen multiplext werden und die
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einen Befehl generiert, dessen Inhalt den Multiplex-Konfigurationsinformationen entspricht;

einer Speicherschaltung (4) zum Speichern der von der Informationsgenerierungseinrichtung generierten Mul-
tiplex-Konfigurationsinformationen;

Mittel (3, 7) zum Steuern des Schreibens der Multiplex-Konfigurationsinformationen in die Speicherschaltung
und zum Umwandeln des von der Informationsgenerierungseinrichtung generierten Befehls in Steuersignale
fir Codierer;

gekennzeichnet durch

einen ersten Codierer (5, 6) zum Codieren der Multiplex-Konfigurationsinformationen, die zeitgleich mit dem Rah-
mentakt aus der Speicherschaltung in Ubereinstimmung mit einem Fast Information Block (FIB) Format gelesen
werden

zweite Codierer (150, 151) zum Codieren der Mehrzahl von Servicedatensatzen in Ubereinstimmung mit den durch
die Mittel zur Steuerung und Umwandlung umgewandelten Steuersignalen und in Ubereinstimmung mit einem
Common Interleaved Block (CIB) Format

eine erste Multiplexer-Schaltung (12) zum Multiplexen der durch die zweiten Codierer codierten Mehrzahl von
Servicedatensatzen; und

eine zweite Multiplexer-Schaltung (13) zum Multiplexen der durch den ersten Codierer codierten Daten und der
durch die erste Multiplexer-Schaltung multiplexten Daten.

Vorrichtung zur Digitalsignal-Multiplexierung nach Anspruch 1, des Weiteren umfassend eine Codiersteuerschaltung
(8) zum Umschalten von Steuersignalen des zweiten Codierers bei jedem bezeichneten Rahmen in Ubereinstim-
mung mit der Mehrzahl von Multiplex-Konfigurationsinformationsdatenséatzen, die aus der Speicherschaltung gele-
sen werden, worin die Multiplexierungszusténde periodisch geandert werden.

Revendications

Dispositif de multiplexage de signaux numériques pour multiplexer, par répartition dans le temps sur une bande de
base, une pluralité d’ensembles de données de service ayant différents débits binaires dans une trame pour former
un signal numérique d’'une séquence des trames, comprenant:

des moyens de génération d’informations (1) pour générer des informations de configuration de multiplexage
indiquant comment des ensembles de données de service sont multiplexés, conformément a des informations
désignées, et pour générer une commande dont le contenu correspond aux informations de configuration de
multiplexage;

un circuit de mémoire (4) pour mémoriser les informations de configuration de multiplexage générées par lesdits
moyens de génération d’informations; et

des moyens (3, 7) pour commander I'écriture des informations de configuration de multiplexage dans ledit circuit
de mémoire et pour convertir la commande générée par lesdits moyens de génération d’informations en signaux
de commande pour des encodeurs;

caractérisé par

un premier encodeur (5, 6) pour encoder les informations de configuration de multiplexage lues en synchroni-
sation avec la synchronisation de trame dans ledit circuit de mémoire selon un format FIB (Fast Information
Block);

des deuxiémes encodeurs (150, 151) pour encoder la pluralité d’ensembles de données de service conformé-
ment aux signaux de commande convertis par lesdits moyens de commande et de conversion et selon un
format CIF (Common Interleaved Frame);

un premier circuit multiplexeur (12) pour multiplexer la pluralité d’ensembles de données de service encodés
par lesdits deuxiemes encodeurs; et

un deuxieme circuit multiplexeur (13) pour multiplexer les données encodées par ledit premier encodeur et les
données multiplexées par ledit premier circuit multiplexeur.

Dispositif de multiplexage de signaux numériques selon la revendication 1, comprenant en outre un circuit de
commande d’encodeur (8) pour commuter des signaux de commande desdits deuxiéemes encodeurs a chaque
trame désignée conformément ala pluralité d’ensembles de données d’informations de configuration de multiplexage
lus dans ledit circuit de mémoire, dans lequel les états de multiplexage sont modifiés périodiquement.
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