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(54) RECEPTION DEVICE AND RECEPTION METHOD

(57) The present technology relates to a receiving
apparatus and a receiving method that can minimize the
effect of double laps of the time information indicating
the order in which BB frames are selected in channel
bonding.

The receiving apparatus receives a plurality of divid-
ed streams that is a plurality of data slices to which BB
frames of a BB stream that is a stream including the BB
frames are distributed; selects a next BB frame from se-

lectable BB frames on the basis of a bit information item
indicating a remaining number of bits necessary to as-
semble a packet in which a BB header added to the BB
frame is stored when the BB frame is stored in the packet;
and reassembles the plurality of divided streams as the
BB stream originally assembled by sequentially process-
ing the BB frames in order in which the BB frames are
selected. The present technology can be applied, for ex-
ample, to channel bonding such as PLP bundling.
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Description

TECHNICAL FIELD

[0001] The present technology relates to a receiving
apparatus and a receiving method and, in particular, re-
lates to a receiving apparatus, and a receiving method
that can minimize the effect of double laps of the time
information indicating the order in which BB frames are
selected in channel bonding.

BACKGROUND ART

[0002] Channel Bonding in which a stream at a high
data rate is divided into a plurality of (channels of) divided
streams and transmitted, and then the plurality of divided
streams are reassembled as the stream at the original
data rate on the receiving end in a digital broadcast is
known. In the Digital Video Broadcasting-Cable second
generation (DVB-C2) standard, Physical Layer Pipe
(PLP) bundling is prescribed as a type of channel bonding
(see, for example, Non-patent Document 1).

CITATION LIST

NON-PATENT DOCUMENT

[0003] Non-patent Document 1: DVB-C.2: ETSI EN
302 769 V1.2.1 (2011-04)

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0004] Meanwhile, in the DVB-C2 standard, data is
transmitted by the Baseband (BB) frame. When PLP bun-
dling is performed, the receiver end determines the order
of the BB frames included in the plurality of divided
streams with reference to the Input Stream Time Refer-
ence (ISCR) of the Input Stream Synchronizer (ISSY)
included in the BB header added to each BB frame so
as to reassemble (restore) the original stream.
[0005] As described above, the ISCR is the only order
information (time information) used to determine the or-
der in which the BB frames are transmitted as the plurality
of divided streams. However, the ISCR is a 15-bit or 22-
bit counter. Thus, when the counted number exceeds the
maximum value of the counter, the counter counts from
zero again.
[0006] Thus, a state in which a counter value exists
over different laps (hereinafter, referred to as "double
laps") occurs. An ISCR in double laps makes it difficult
to determine an appropriate BB frame among the se-
lectable BB frames, and thus makes it difficult to correctly
rearrange the BB frames. Thus, there is a need for min-
imizing the effect of double laps of an ISCR that is the
time information indicating the order in which the BB
frames are selected in channel bonding.

[0007] In light of the foregoing, the present technology
can minimize the effect of the double laps on the time
information indicating the order of select of the BB frames
in channel bonding.

SOLUTIONS TO PROBLEMS

[0008] The receiving apparatus according to an aspect
of the present technology is a receiving apparatus includ-
ing: a receiving unit that receives a plurality of divided
streams that is a plurality of data slices to which Base-
Band (BB) frames of a BB stream are distributed, the BB
stream being a stream including the BB frames; a selec-
tion unit that selects a next BB frame from selectable BB
frames among the BB frames on the basis of a bit infor-
mation item indicating a remaining number of bits nec-
essary to assemble a packet in which a BB header added
to the BB frame is stored when the BB frame is stored in
the packet; and a reassembling unit that reassembles
the plurality of divided streams as the BB stream originally
assembled by sequentially processing the BB frames in
order in which the selection unit selects the BB frames.
[0009] The receiving apparatus according to an aspect
of the present technology may be either an independent
device or an internal block included in an apparatus. Fur-
thermore, the receiving method according to an aspect
of the present technology corresponds to the above-men-
tioned receiving apparatus according to an aspect of the
present technology.
[0010] In the receiving apparatus and receiving meth-
od according to an aspect of the present technology, a
plurality of divided streams that is a plurality of data slices,
each of which includes distributed BB frames of a BB
stream that is a stream including the BB frames is re-
ceived; the next BB frame is selected from selectable BB
frames among the BB frames on the basis of a bit infor-
mation item indicating a remaining number of bits nec-
essary to assemble a packet in which a BB header added
to the BB frame is stored when the BB frame is stored in
the packet; and processing the BB frames in the order in
which the BB frames are selected reassembles the plu-
rality of divided streams as the BB stream originally as-
sembled.

EFFECTS OF THE INVENTION

[0011] According to an aspect of the present technol-
ogy, the effect of double laps of the time information in-
dicating the order in which BB frames are selected can
be minimi zed in channel bonding.
[0012] Note that the effects of the present technology
are not limited to the effects described herein, and may
be one of the effects described in the present disclosure.

BRIEF DESCRIPTION OF DRAWINGS

[0013]

1 2 
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Fig. 1 is a diagram of the configuration of an embod-
iment of a transmission system to which the present
technology is applied.
Fig. 2 is an explanatory diagram of the outline of PLP
bundling.
Fig. 3 is a diagram of an exemplary configuration of
a sending apparatus.
Fig. 4 is an explanatory flowchart of the flow of a
sending process.
Fig. 5 is a diagram of an exemplary configuration of
a receiving apparatus.
Fig. 6 is an explanatory flowchart of the flow of a
receiving process.
Fig. 7 is a diagram of the flow of BB frames processed
in the sending apparatus and the receiving appara-
tus.
Fig. 8 is a diagram of an exemplary format of a BB
frame.
Fig. 9 is a diagram of an exemplary format of an ISSY
included in a BB header.
Fig. 10 is an explanatory diagram of double laps of
an ISCR in PLP bundling.
Fig. 11 is an explanatory diagram of a method in
which an SYNCD is used to avoid double laps of an
ISCR.
Fig. 12 is a diagram of an exemplary functional con-
figuration of a control unit when an SYNCD is used
to determine a BB frame to be selected.
Fig. 13 is an explanatory flowchart of the flow of a
first BB frame selection process.
Fig. 14 is an explanatory diagram of a method in
which difference values between ISCRs are used to
avoid double laps of an ISCR.
Fig. 15 is an explanatory diagram of a method in
which difference values between ISCRs are used to
avoid double laps of an ISCR.
Fig. 16 is a diagram of an exemplary functional con-
figuration of a control unit when a difference value
between ISCRs is used to determine a BB frame to
be selected.
Fig. 17 is an explanatory flowchart of the flow of a
second BB frame selection process.
Fig. 18 is a diagram of an exemplary configuration
of a computer.

MODE FOR CARRYING OUT THE INVENTION

[0014] Hereinafter, the embodiments of the present
technology will be described with reference to the ap-
pended drawings. Note that the embodiments will be de-
scribed in the following order.
[0015]

1. System Configuration
2. Configuration of Apparatus compatible with PLP
bundling
3. Method for Avoiding Double Laps of ISCR in PLP
bundling

(1) Determination of BB Frame to Be Selected
Using SYNCD
(2) Determination of BB Frame to Be Selected
Using Difference Value between ISCRs

4. Computer Configuration

<1. System Configuration>

[0016] Fig. 1 is a diagram of the configuration of an
embodiment of a transmission system to which the
present technology is applied. Note that the system is a
logical set of a plurality of devices, and it does not matter
whether the devices having each configuration are in a
housing.
[0017] In Fig. 1, a transmission system 1 includes a
sending apparatus 10 and a receiving apparatus 20.
[0018] The sending apparatus 10 performs, for exam-
ple, sending of a television program (a digital broadcast
or data transmission). In other words, the sending appa-
ratus 10 sends (transmits), for example, a stream of the
current data to be sent such as video data or audio data
of a television program as a digital broadcast signal, for
example, via a transmission path 30 that is a (wired) cable
television network.
[0019] The receiving apparatus 20 receives the digital
broadcast signal sent from the sending apparatus 10 via
the transmission path 30, and restores and outputs the
original stream. For example, the receiving apparatus 20
outputs video data or audio data of a television program.
[0020] Note that the transmission system 1 of Fig. 1
can be applied to the data transmission in compliance,
for example, with the DVB-T2 standard, the DVB-S2
standard, or the standard of the Advanced Television
Systems Committee standards (ATSC) or the Integrated
Services Digital Broadcasting (ISDB), or another data
transmission in addition to the data transmission in com-
pliance with the DVB-C2 standard. Furthermore, not only
a cable television network but also, for example, satellite
communication or terrestrial wave can be used as the
transmission path 30.

<2. Configuration of Apparatus compatible with PLP bun-
dling>

(Outline of PLP Bundling)

[0021] Fig. 2 is an explanatory diagram of the outline
of PLP bundling.
[0022] In the DVB-C2 standard, PLP bundling is pre-
scribed as a type of channel bonding. In channel bonding,
a stream at a high data rate is divided into a plurality of
(channels of) divided streams and transmitted, and then
the plurality of divided streams are reassembled as the
stream at the original data rate on the receiving end.
[0023] In these years, there is a need for a digital broad-
cast sending an image at high resolution of, for example,
so-called 8K. When an 8K-resolution image is encoded
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in a High Efficiency Video Coding (HEVC) scheme, the
throughput of about 100 Mbps is required to transmit the
high-data-rate data provided by the encoding. It is difficult
to transmit the Physical Layer Pipe (PLP) in Fig. 2 equiv-
alent to such the high-data-rate data as one Data Slice.
[0024] In light of the foregoing, the sending apparatus
10 in the transmission system 1 is configured to divide
the actual data that is the one PLP by the BB frame and
transmit the PLP as a plurality of data slices, by using
PLP bundling that is a type of channel bonding. In Fig.
2, the PLP is divided into data slices 2 to 4, and trans-
mitted to the receiving apparatus 20. In the receiving ap-
paratus 20, tuners 1 to 3 receive and process the data
slices 2 to 4 and then a PLP decoder processes the data
slices 2 to 4. This reassembles the actual data that is the
PLP.
[0025] Note that, in the DVB-C2 standard, the trans-
mission band in which an Orthogonal Frequency Division
Multiplexing (OFDM) signal is transmitted is separated,
for example, by the (about) 6 MHz. Now, on the assump-
tion that a transmission band separated by the 6 MHz is
referred to as a unit transmission band, the receiving ap-
paratus 20 receives the OFDM signal in the unit trans-
mission band in which the data slices including the PLP
of the actual data of a desired television program are
transmitted, and processes the data slices included in
the OFDM signal.
[0026] Furthermore, the PLP is (the data transmitted
through) logical channels included in data slices, and the
PLP is given a unique PLP ID used to identify the PLP.
For example, a PLP with a PLP ID corresponds to the
actual data of a television program. Hereinafter, the PLP
of which PLP ID is i will be written also as a PLP#i.
[0027] Note that, in the description below, a stream of
BB frames is referred to as a "BB stream", and a plurality
of streams provided by the division of the BB stream is
referred to as "divided streams". In other words, a divided
stream includes the BB frames.

(Configuration of Sending Apparatus)

[0028] Fig. 3 is a diagram of an exemplary configura-
tion of the sending apparatus 10 of Fig. 1.
[0029] The sending apparatus 10 is configured to di-
vide the actual data that is one PLP#i (PLP given the
same PLP ID) by the BB frame and transmit the actual
data as a plurality of data slices, by using PLP bundling
that is a type of channel bonding.
[0030] In Fig. 3, the sending apparatus 10 includes a
control unit 111, a BB frame generation unit 112, a BB
frame distribution unit 113, data slice processing units
114-1 to 114-N (the N is an integer equal to or larger than
one), a frame assembling unit 115, and a sending unit
116.
[0031] The control unit 111 controls the operation of
each unit of the sending apparatus 10.
[0032] To the BB frame generation unit 112 is provided
the actual data (for example, the current data of a Trans-

port Stream (TS) or the like) as the PLP#i having the
same PLP ID. The BB frame generation unit 112 gener-
ates BB frames, for example, by giving BB headers to
the provided actual data. Note that the BB header in-
cludes an Input Stream Time Reference (ISCR) as an
Input Stream Synchronizer (ISSY). The BB frame gen-
eration unit 112 provides the BB stream including the BB
frames to the BB frame distribution unit 113.
[0033] The BB frame distribution unit 113 determines
the BB stream provided from the BB frame generation
unit 112 as the object to be divided, and divides the BB
stream by the BB frame into a plurality of divided streams
by repeating distributing each BB frame of the BB stream-
to one data slice among a plurality of data slices. Fur-
thermore, the BB frame distribution unit 113 distributes
a plurality of divided streams provided by the division of
the BB stream to any one of the data slice processing
units 114-1 to 114-N.
[0034] The data slice processing unit 114-1 processes
the divided stream distributed by the BB frame distribu-
tion unit 113. The data slice processing unit 114-1 in-
cludes a PLP processing unit 131-1, a data slice assem-
bling unit 132-1, and a time/frequency interleaver 133-1.
[0035] The PLP processing unit 131-1 encodes the BB
frames included in the divided frame distributed by the
BB frame distribution unit 113 and provided to the data
slice processing unit 114-1 in error-correcting coding.
Furthermore, the PLP processing unit 131-1 obtains FEC
frames by the error-correcting coding and maps the FEC
frames on signal points in a predetermined constellation
by a predetermined number of bits that is a symbol. Sub-
sequently, the PLP processing unit 131-1 generates FEC
frames by extracting the mapped symbols by the FEC
frame, and gives the generated FEC frames FEC frame
headers. By this, the PLP processing unit 131-1 gener-
ates data slice packets.
[0036] To the data slice assembling unit 132-1 are pro-
vided one or more data slice packets from the PLP
processing unit 131-1. The data slice assembling unit
132-1 generates a data slice from the one or more data
slice packets provided by the PLP processing unit 131-1
and provides the data slice to the time/frequency inter-
leaver 133-1.
[0037] The time/frequency interleaver 133-1 inter-
leaves the data slice provided from the data slice assem-
bling unit 132-1 in the time direction and the frequency
direction, and provides the interleaved data slice to the
frame assembling unit 115.
[0038] Although not illustrated, the data slice process-
ing units 114-2 to 114-N include PLP processing units
131-2 to 131-N, data slice assembling units 132-2 to 132-
N, and time/frequency interleavers 133-2 to 133-N, sim-
ilarly to the data slice processing unit 114-1. Each of the
data slice processing units 114-2 to 114-N, similarly to
the data slice processing unit 114-1, processes the di-
vided stream distributed by the BB frame distribution unit
113 to generate a data slice, and provides the generated
data slice to the frame assembling unit 115.
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[0039] Note that, in the description below, when it is
unnecessary to especially distinguish the data slice
processing units 114-1 to 114-N, the data slice process-
ing units 114-1 to 114-N are referred to as a data slice
processing unit 114 for description. Similarly, when it is
unnecessary to especially distinguish the PLP process-
ing units 131-1 to 131-N, the data slice assembling units
132-1 to 132-N, and the time/frequency interleavers
133-1 to 133-N, the PLP processing units 131-1 to 131-
N, the data slice assembling units 132-1 to 132-N, and
the time/frequency interleavers 133-1 to 133-N are re-
ferred to as a PLP processing unit 131, a data slice as-
sembling unit 132, and a time/frequency interleaver 133,
respectively, for description.
[0040] To the frame assembling unit 115 are provided
one or more data slices from (the time/frequency inter-
leavers 133-1 to 133-N of) the data slice processing units
114-1 to 114-N. The frame assembling unit 115 assem-
bles a C2 frame including the one or more data slices
from the data slice processing units 114-1 to 114-N and
provides the C2 frame to the sending unit 116.
[0041] The sending unit 116 transforms the C2 frame
provided from the frame assembling unit 115 in Inverse
Fast Fourier Transform (IFFT) to provide an OFDM sig-
nal, and converts the provided OFDM signal in Digital to
Analog (DA) Conversion. Subsequently, the sending unit
116 modulates the OFDM signal that is the digital signal
converted to an analog signal to a Radio Frequency (RF)
signal, and sends the RF signal as a digital broadcast
signal via the transmission path 30.
[0042] Note that, for description, the illustration of the
blocks of the sending apparatus 10 that are not related
to the PLP bundling is omitted in Fig. 3 properly.

(Flow of Sending Process)

[0043] Next, the flow of a sending process that the
sending apparatus 10 of Fig. 3 performs will be described
with reference to the flowchart of Fig. 4.
[0044] In step S111, the BB frame generation unit 112
places the actual data (for example, the current data of
TS of the like) that is the provided PLP into a data field
of BB frames, and assembles BB frames by giving the
data field BB headers including ISSYs (ISCRs).
[0045] In step S112, the BB frame distribution unit 113
divides the BB stream by the BB frame into a plurality of
divided streams by distributing the BB frame assembled
in the process of step S111 to one data slice among a
plurality of data slices.
[0046] In step S113, the BB frame distribution unit 113
distributes each of the divided streams provided by the
process of step S112 to any one of the data slice process-
ing units 114-1 to 114-N. This provides each of the divid-
ed streams provided by the division of the BB stream to
any one of the data slice processing units 114-1 to 114-N.
[0047] The data slice processing unit 114 performs the
processes from step S114 to step S118. In other words,
in step S114, the PLP processing unit 131 encodes the

BB frames included in the divided frame distributed by
the BB frame distribution unit 113 and provided to the
data slice processing unit 114 in error-correcting coding.
[0048] In step S115, the PLP processing unit 131 maps
FEC frames provided by the error-correcting coding in
the process of step S114 on signal points in a predeter-
mined constellation by a predetermined number of bits
that is a symbol.
[0049] In step S116, the PLP processing unit 131 gen-
erates FEC frames by extracting the symbols mapped in
the process of step S115 by the FEC frame, and gives
the generated FEC frames FEC frame headers. By this,
the PLP processing unit 131 generates data slice pack-
ets.
[0050] In step S117, the data slice assembling unit 132
assembles a data slice with one or more data slice pack-
ets assembled in the process of step S116.
[0051] In step S118, the time/frequency interleaver
133 interleaves the data slice assembled in the process
of step S117 in the time direction and the frequency di-
rection.
[0052] In step S119, the frame assembling unit 115
assembles a C2 frame including the one or more inter-
leaved data slices from (the time/frequency interleavers
133 of) the data slice processing units 114-1 to 114-N.
[0053] In step S120, the sending unit 116 transforms
the C2 frame assembled in the process of step S119 in
IFFT. Furthermore, in step S121, the sending unit 116
converts the OFDM signal provided by the IFFT in the
process of step S120 in DA conversion.
[0054] In step S122, the OFDM signal converted by
the DA conversion in the process of step S121 is modu-
lated to an RF signal and transmitted as a digital broad-
cast signal via the transmission path 30 (Fig. 1). With the
completion of the process of step S122, the sendingproc-
ess inFig. 4 is completed.
[0055] The flow of the sending pro cess has been de-
scribed above.

(Configuration of Receiving Apparatus)

[0056] Fig. 5 is a diagram of an exemplary configura-
tion of the receiving apparatus 20 of Fig. 1.
[0057] The receiving apparatus 20 is configured to re-
assemble (restore) the actual data that is one PLP#i dis-
tributed and sent (transmitted) as a plurality of data slices
in the PLP bundling.
[0058] In Fig. 5, the receiving apparatus 20 includes a
control unit 211, receiving units 212-1 to 212-N (the N is
an integer equal to or larger than one), data slice process-
ing units 213-1 to 213-N, buffers 214-1 to 214-N, a BB
frame selection unit 215, and a BB frame processing unit
216.
[0059] The control unit 211 controls the operation of
each unit of the receiving apparatus 20.
[0060] The receiving unit 212-1 receives and demod-
ulates the RF signal in a predetermined band transmitted
as the digital broadcast signal via the transmission path
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30 from the sending apparatus 10, and converts the re-
sulting demodulated signal (OFDM signal) in Analog to
Digital (AD) Conversion. Subsequently, the receiving unit
212-1 transforms the signal demodulated and converted
from the analog signal to a digital signal in Fast Fourier
Transform (FFT), and provides the data slice provided
by the FFT to the data slice processing unit 213-1.
[0061] The data slice processing unit 213-1 processes
the data slice provided from the receiving unit 212-1. The
data slice processing unit 213-1 includes a time/frequen-
cy deinterleaver 231-1, a data slice disassembling unit
232-1, and a PLP processing unit 233-1.
[0062] The time/frequency deinterleaver 231-1 dein-
terleaves the data slice provided from the receiving unit
212-1 in the time direction and the frequency direction,
and provides the deinterleaved data slice to the data slice
disassembling unit 232-1.
[0063] The data slice disassembling unit 232-1 disas-
sembles the data slice provided from the time/frequency
deinterleaver 231-1 into data slice packets and provides
the data slice packets to the PLP processing unit 233-1.
[0064] The PLP processing unit 233-1 disassembles
the data slice packets as FEC frames by removing the
FEC frame headers from the data slice packets provided
from the data slice disassembling unit 232-1. Note that
the modulation scheme or code length for the FEC frame
is recognized on the basis of the removed FEC frame
header, and the subsequent demapping or error-correct-
ing decoding is performed.
[0065] Furthermore, the PLP processing unit 233-1 re-
stores the divided stream including the BB frames by
demapping (the symbols of) the FEC frames and decod-
ing the error-corrected codes of the demapped FEC
frames. The data slice processing unit 213-1 provides
(the BB frames included in) the divided stream restored
from the data slice to the buffer 214-1.
[0066] The buffer 214-1 includes, for example, a First
In First Out (FIFO) memory so as to sequentially store
(the BB frames included in) the divided streams provided
from (the PLP processing unit 233-1 of) the data slice
processing unit 213-1.
[0067] Although not illustrated, the data slice process-
ing units 213-2 to 213-N include time/frequency deinter-
leavers 231-2 to 231-N, data slice disassembling units
232-2 to 232-N, and PLP processing units 233-2 to 233-
N, similarly to the data slice processing unit 213-1. Sim-
ilarly to the data slice processing unit 213-1, the data
slice processing units 213-2 to 213-N process the data
slices provided from the receiving units 212-2 to 212-N
such that (the BB frames included in) the divided streams
provided by the processing are sequentially stored in the
buffer 214-2 to 214-N.
[0068] Note that, in the description below, when it is
unnecessary to especially distinguish the data slice
processing units 213-1 to 213-N, the data slice process-
ing units 213-1 to 213-N will be referred to as a data slice
processing unit 213 for description. Similarly, when it is
unnecessary to especially distinguish the time/frequency

deinterleavers 231-1 to 231-N, the data slice disassem-
bling units 232-1 to 232-N, and the PLP processing units
233-1 to 233-N, the time/frequency deinterleavers 231-1
to 231-N, the data slice disassembling units 232-1 to 232-
N, and PLP processing units 233-1 to 233-N will be re-
ferred to as a time/frequency deinterleaver 231, a data
slice disassembling unit 232, a PLP processing unit 233,
respectively, for description. Furthermore, when it is un-
necessary to especially distinguish the buffers 214-1 to
214-N, the buffers 214-1 to 214-N will be referred to as
a buffer 214.
[0069] On the basis of the ISSYs (ISCRs) included in
the BB headers added to the BB frames included in the
plurality of divided streams stored in the buffers 214-1 to
214-N, the BB frame selection unit 215 reads the BB
frames in the order in which the BB frames are arranged
in the original BB stream from the buffers 214-1 to 214-
N, and provides the BB frames to the BB frame process-
ing unit 216.
[0070] The BB frame processing unit 216 reassembles
(restores) the original BB stream by rearranging the BB
frames in the order in which the BB frame selection unit
215 provides the BB frames. Furthermore, the BB frame
processing unit 216 restores and outputs the actual data
(for example, the current data of TS or the like) by dis-
assembling the BB frames included in the original BB
stream.
[0071] Note that, for description, the illustration of the
blocks of the receiving apparatus 20 that are not related
to the PLP bundling is omitted in Fig. 5 properly. Further-
more, the configuration of the receiving apparatus 20 in-
cluding a plurality of receiving units 212 corresponding
to the data slice processing units 213 has been described
with reference to Fig. 5. However, only a receiving unit
212 capable of receiving RF signals in a wide band may
be provided such that the data slices included in the C2
frame may be disassembled and the disassembled data
slices may be provided to the data slice processing units
213-1 to 213-N.

(Flow of Receiving Process)

[0072] Next, the flow of a receiving process that the
receiving apparatus of Fig. 5 performs will be described
with reference to the flowchart of Fig. 6.
[0073] In step S211, the receiving unit 212 receives
and demodulates the RF signal in a predetermined band
sent as the digital broadcast signal from the sending ap-
paratus 10 via the transmission path 30.
[0074] In step S212, the receiving unit 212 converts
the demodulated signal (OFDM signal) that is the RF
signal demodulated in the process of step S211 in AD
conversion.
[0075] In step S213, the receiving unit 212 transforms
the digital signal provided by the AD conversion in step
S212 in FFT.
[0076] In step S214, the time/frequency deinterleaver
231 deinterleaves the data slice provided by the process
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of step S213 in the time direction and the frequency di-
rection.
[0077] In step S215, the data slice disassembling unit
232 disassembles the data slices deinterleaved in the
process of step S214 into data slice packets.
[0078] In step S216, the PLP processing unit 233 dis-
assembles the data slice packets as FEC frames by re-
moving the FEC frame headers from the data slice pack-
ets disassembled in the process of step S215.
[0079] In step S217, the PLP processing unit 233 dem-
aps (the symbols of) the FEC frames provided by the
process of step S216.
[0080] In step S218, the PLP processing unit 233 re-
stores the divided stream including the BB frames by
decoding the error-corrected codes of the FEC frames
demapped in the process of step S217.
[0081] In step S219, the buffer 214 stores (buffers) the
BB frames included in the divided stream restored in the
process of step S218.
[0082] In step S220, the BB frame selection unit 215
performs a BB frame selection process. In this BB frame
selection process, on the basis of the ISSYs (ISCRs)
included in the BB headers added to the BB frames in-
cluded in the plurality of divided streams stored in the
buffers 214-1 to 214-N in the process of step S219, the
BB frame to be read from the buffers 214-1 to 214-N is
selected.
[0083] In other words, each of the BB frames included
in the divided streams stored in the buffers 214-1 to 214-
N is stored until the time to read the BB frame in the order
in which the BB frames are arranged in the original BB
stream. At the time to read the BB frame in the order in
which the BB frames are arranged in the original BB
stream, the BB frame is read from the buffers 214-1 to
214-N. Note that the selection process for selecting the
BB frame will be described below in detail with reference
to the flowcharts of Figs. 13 and 17.
[0084] In step S221, the BB frame processing unit 216
performs a stream reassembling process. In the stream
reassembling process, rearranging the BB frames se-
lected in the process of step S220 in the order of the
selection reassembles (restores) the original BB stream.
[0085] In step S222, the BB frame processing unit 216
disassembles the BB frames included in the original BB
stream reassembled in the process of step S221 so as
to restore and output the actual data (for example, the
current data of TS or the like). With the completion of the
process of step S222, the receiving process in Fig. 6 is
completed.
[0086] The flow of the receiving process has been de-
scribed above.

(Flow of BB Frame)

[0087] Next, with reference to Fig. 7, the flow of the BB
frame processed by the sending apparatus 10 of Fig. 3
and the receiving apparatus 20 of Fig. 5 in PLP bundling
will be described. Note that, Fig. 7 does not illustrate

some components of the sending apparatus 10 and the
receiving apparatus 20. Furthermore, the rectangles with
numbers in the drawing depict the BB frames, and the
numbers in the rectangles indicate the values of the IS-
CRs (timestamps).
[0088] In Fig. 7, the BB frame generation unit 112 in
the sending apparatus 10 generates BB frames from the
actual data (for example, the current data of TS or the
like), and BB headers including an ISSY (ISCR) are se-
quentially addedto the BB frames. In other words, in this
example, the BB frames having ISCRs of "10" to "80" are
generated, and the value of the ISCR included in the BB
frame is increased by "10".
[0089] In this example, as illustrated in Fig. 8, the BB
frame (BB Frame) includes a BB header (BB Header)
and a data field (DATA) in which the actual data is placed.
In the BB header are placed a two-byte MATYPE, a two-
byte ISSY, a two-byte DFL, a one-byte ISSY, a two-byte
SYNCD, and a one-byte CRC-8 in that order.
[0090] Furthermore, Fig. 9 illustrates an exemplary for-
mat of the ISSY included in the BB header. As illustrated
in Fig. 9, the ISSY includes an ISCR, a BUFS, and a
BUFSTAT.
[0091] The ISCR is the information indicating the trans-
mission time at which the data (BB frame) is transmitted,
and is two or three-byte information. When PLP bundling
is performed, an ISCR is necessarily placed in the three-
byte field of the ISSY and counted up by the 7/48 ms that
is the minimum unit time of the system. With reference
to the ISCR having a role as a timestamp, the receiving
apparatus 20 determines the order in which the BB
frames are transmitted as a plurality of divided streams.
[0092] The BUFS is (substantially) two-byte informa-
tion indicating the buffer capacity of the buffer necessary
(the required Buffer capacity) to compensate delay fluc-
tuation when the receiving apparatus 20 processes the
data. The receiving apparatus 20 compensates (ab-
sorbs) the delay fluctuation by securing a storage area
as the buffer with a buffer capacity indicated in the BUFS
and reading and writing the data from/to the buffer.
[0093] The BUFSTAT is (substantially) two-byte infor-
mation indicating the reading start time at which the re-
ceiving apparatus 20 reads the data from the buffer with
a buffer capacity indicated in the BUFS. The receiving
apparatus 20 start reading the data stored in the buffer
with a buffer capacity indicated in the BUFS at the time
indicated in the BUFSTAT (the time the data remaining
in the buffer becomes the value indicated in the BUF-
STAT).
[0094] When PLP bundling is performed, in the three-
byte field of the ISSY of the BB header of each BB frame
is placed the ISCR among the ISCR, BUFS, and BUF-
STAT. On the other hand, when PLP bundling is not per-
formed, in the three-byte field of the ISSY of the BB head-
er of each BB frame is selectively placed any one of the
ISCR, BUFS, and BUFSTAT.
[0095] With reference to Fig. 7 again, the BB frame
distribution unit 113 distributes the divided stream pro-
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vided by the division of the BB frames generated by the
BB frame generation unit 112 to the data slice processing
unit 114-1 or the data slice processing unit 114-2. By this
distribution, for example, a divided stream including the
BB frames having the ISCRs "10" and "20" is provided
to the data slice processing unit 114-1 and processed.
Meanwhile, for example, a divided stream including the
BB frames having the ISCRs "30" and "40" is provided
to the data slice processing unit 114-2 and processed.
[0096] Subsequently, the sending apparatus 10 as-
sembles a C2 frame including the data slices of the di-
vided streams and, for example, modulates the C2 frame
to generate a RF signal, and then transmits the RF signal
via the transmission path 30. On the other hand, the re-
ceiving apparatus 20 in Fig. 7 receives the RF signal from
the sending apparatus 10 via the transmission path 30.
Then, the data slice processing unit 213-1 and the data
slice processing unit 213-2 process the data slices ob-
tained from the RF signal. By this process, (the BB frames
included in) the divided stream restored by the data slice
processing unit 213-1 is stored in the buffer 214-1, and
(the BB frames included in) the divided stream restored
by the data slice processing unit 213-2 is stored in the
buffer 214-2 in turn.
[0097] On the basis of the ISCRs included in the BB
headers of the BB frames stored in the buffer 214-1 and
the buffer 214-2, the BB frame selection unit 215 reads
the BB frame from the buffer 214-1 or the buffer 214-2
and provides the BB frame to the BB frame processing
unit 216. In this example, the BB frames having the ISCRs
"10" to "40" stored in one of the buffer 214-1 and the
buffer 214-2 are read in ascending order on the basis of
the values of the ISCRs. Furthermore, the BB frames
having the ISCRs "50", "60", and "90" stored in the buffer
214-1 and the BB frames having the ISCRs "70" and "80"
stored in the buffer 214-2 are similarly read in ascending
order of the values of the ISCRs.

<3. Method for Avoiding Double Laps of ISCR in PLP 
Bundling>

(Effect of Double Laps of ISCR)

[0098] As described above, an ISCR is necessarily
placed in the three-byte field of an ISSY when PLP bun-
dling is performed, and the receiving apparatus 20 de-
termines the order of the BB frames distributed and trans-
mitted as a plurality of divided streams with reference to
the value of the ISCR (timestamp) as the only order in-
formation.
[0099] Fig. 10 schematically illustrates, with focus on
the BB frames, a state in which double laps of an ISCR
occurs when a plurality of divided streams divided by the
sending apparatus 10 that is the sending end is reas-
sembled (restored) as the original BB stream by the re-
ceiving apparatus 20 that is the receiving end. Herein,
the double laps is a state in which a counter value exists
over different laps. Normally, there is continuity among

the values of ISCRs of the selectable BB frames. How-
ever, when double laps of an ISCR occurs, there is no
continuity among the values of the ISCRs.
[0100] Note that Fig. 10 illustrates the sending end or
the process that the sending apparatus 10 performs on
the left side of the transmission path 30 shown as a
dashed line, and the receiving end or the process that
the receiving apparatus 20 performs on the right side of
the transmission path 30. Furthermore, the rectangles
with numbers in Fig. 10 depict the BB frames, and the
numbers indicate the values of the ISCRs (timestamps).
[0101] Furthermore, Fig. 10 illustrates an example in
which (the stream of) the actual data that is one PLP#i
is divided by the BB frame and is transmitted as four data
slices in PLP bundling. In this example, four data slices
are transmitted. However, the number of data slices used
to transmit the one PLP#i is not limited to four, and two,
three, or an arbitrary value equal to or higher than five
and equal to or lower than 255 may be used.
[0102] The sending apparatus 10 in Fig. 10 generates
a BB stream including a plurality of BB frames, and the
BB frame distribution unit 113 divides the generated BB
stream by the BB frame into four divided streams. On the
assumption that the data slices that are the four divided
streams are data slices DS#1 to DS#4 from the upper
side of Fig. 10, the data slice DS#1 includes the BB frame
having an ISCR "450000", and the BB frame having an
ISCR "2450000".
[0103] Similarly, the data slice DS#2 includes the BB
frame having an ISCR "950000" and the BB frame having
an ISCR "2950000". Furthermore, the data slice DS#3
includes the BB frame having an ISCR "1450000" and
the BB frame having an ISCR "3450000", and the data
slice DS#4 includes the BB frame having an ISCR
"3950000" and the BB frame having an ISCR "1950000".
[0104] The C2 frame that is the data slices including
the BB frames distributed as described above is trans-
mitted as an RF signal from the sending apparatus 10
via the transmission path 30 to the receiving apparatus
20.
[0105] The receiving apparatus 20 in Fig. 10 receives
the RF signal via the transmission path 30 from the send-
ing apparatus 10, and the data slice processing unit 213-1
processes the data slice DS#1 to restore the divided
stream from the data slice DS#1. Then, the BB frame
having the ISCR "450000" and BB frame having the ISCR
"2450000" included in the restored divided stream are
sequentially stored in the buffer 214-1.
[0106] Similarly, the buffer 214-2 sequentially stores
the BB frame having the ISCR "950000" and BB frame
having the ISCR "2950000" included in the divided
stream restored from the data slice DS#2 by the data
slice processing unit 213-2.
[0107] The buffer 214-3 sequentially stores the BB
frame having the ISCR "1450000" and BB frame having
the ISCR "3450000" included in the divided stream re-
stored from the data slice DS#3 by the data slice process-
ing unit 213-3.
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[0108] Furthermore, the buffer 214-4 sequentially
stores the BB frame having the ISCR "3950000" and BB
frame having the ISCR "1950000" included in the divided
stream restored from the data slice DS#4 by the data
slice processing unit 213-4.
[0109] The BB frames stored in the buffers 214-1 to
214-4 as described above are selected by the BB frame
selection unit 215. The BB frame selection unit 215 se-
lects the BB frames in ascending order of the values of
the ISCRs with reference to the value of the ISCR (times-
tamp) of the BB header added to each BB frame stored
in the tops of the buffers 214-1 to 214-4, and provides
the selected BB frame to the downstream BB frame
processing unit 216.
[0110] In the tops of the buffers 214-1 to 214-4 in Fig.
10 are stored the BB frames having the ISCRs "450000",
"950000", "1450000", and "3950000" as selectable BB
frames. However, the ISCR is a 15-bit or 22-bit counter,
and thus counts from zero again when the counted
number exceeds the maximum value of the counter.
Thus, the BB frames can appropriately be rearranged
only after the BB frames are selected in consideration of
the effect of the double laps of an ISCR. Note that, for
example, when the ISCR is a 22-bit ISCR, the maximum
value of the ISCR is "4194303".
[0111] When the BB frame having the ISCR with the
minimum value is selected from the selectable BB frames
stored in the tops of the buffers 214-1 to 214-4 in the
example of Fig. 10, the BB frame having the ISCR
"450000" stored in the top of the buffer 214-1 is selected.
On the assumption that the counter of an ISCR reaches
the maximum value and counts from zero again, the
counter value may exist over different laps.
[0112] In other words, in the example of Fig. 10, when
the counting starts from zero again after the counter value
reaches the maximum value and the value of the ISCR
"450000" is counted, the value of the ISCR "3950000" is
likely to be counted before the counted value reaches
the maximum value. In this case, the BB frame having
the ISCR "3950000" stored in the top of the buffer 214-4
is to be selected next. Thus, when the BB frame having
the ISCR "450000" stored in the top of the buffer 214-1
is selected, the BB frames are rearranged in wrong order.
[0113] As described above, when a BB frame is se-
lected in wrong order due to the effect of the double laps
of the ISCR, the BB frames to be selected after the se-
lectedBB frame (for example, the BB frames having the
ISCRs "950000" and "1450000" in Fig. 10) are likely to
also be rearranged in wrong order due to the effect. The
effect extends over the frames.
[0114] Thus, there is a need for minimizing the effect
of double laps of an ISCR in channel bonding such as
PLP bundling. Hereinafter, a method for avoiding double
laps of an ISCR in PLP bundling will be described.

(1) Determination of BB Frame to Be Selected Using 
SYNCD

[0115] First, with reference to Figs. 11 to 13, a method
in which the next BB frame is determined using SYNCD
in order to avoid double laps of an ISCR will be described
as a method for avoiding double laps of an ISCR in PLP
bundling.

(Method for avoiding double laps of ISCR using SYNCD)

[0116] An SYNCD is the information indicating the re-
maining number of bits necessary to assemble a TS
packet in which a BB header is stored when a BB frame
is stored in the TS packet (TSP: TSPacket). Forexample,
Fig. 11 illustrates a plurality of BB headers stored in the
TS packets (TSPs). In each BB header, a two-byte SYN-
CD indicating the remaining number of bits necessary to
assemble the TS packet in which the BB header is stored
is placed.
[0117] To determine the BB frame to be selected using
SYNCD, focusing on the SYNCD, the value (set value)
of the SYNCD of the BB header is compared with the
expected value of the SYNCD such that the next BB
frame is determined among the selectable BB frames.
[0118] Note that the expected value of an SYNCD is
the remaining number of bits necessary to assemble a
TS packet when the BB frame previously selected is
stored in the TS packet when the BB frame to be selected
next is determined. The number of bits is identical to the
number of bits indicated in the SYNCD placed in the BB
header of the BB frame to be selected next. In other
words, it can be said that the expected value of an SYN-
CD is the value of the SYNCD of the BB header of the
next BB frame, which is expected from the value of a
break in the TS packet in which the actual data placed
in a BB frame is stored.
[0119] As described above, to determine a BB frame
to be selected using SYNCD, an ISCR that may cause
double laps is not used, instead, the value of the SYNCD
of (the BB header of) a selectable BB frame is referenced,
and the BB frame to be selected next is determined in
accordance with whether the referenced value is identical
to the expected value of the SYNCD. Thus, the effect of
double laps of an ISCR can be avoided.
[0120] In other words, when an ISCR is used to deter-
mine the BB frame to be selected next, double laps of
the ISCR is likely to occur. Thus, selecting the BB frame
having the ISCR with the minimum value is not neces-
sarily correct. However, when an SYNCD is used, a phe-
nomenon such as double laps does not occur. Thus, it
is ensured that a correct BB frame is selected.
[0121] Alternatively, when the apparatus operates in a
mode referred to as Null Packet Deletion (NPD) and a
large number of Null packets are added, the values of
the ISCRs are also irregular. However, an SYNCD is
used instead of an ISCR in this example to select a BB
frame. Thus, the irregular ISCRs do not affect the oper-
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ation.
[0122] Note that, when there is no SYNCD with the
value identical to the expected value of the SYNCD due
to the effect of padding, or when a large amount of data
is added for padding and all the values of the SYNCDs
become "one" and there is no start point of a TS packet
in the BB frame, it is impossible to use an SYNCD to
determine the BB frame to be selected next. In such cas-
es, an ISCR may be used.

(Exemplary Functional Configuration of Control Unit)

[0123] Fig. 12 is a diagram of an exemplary functional
configuration of the control unit 211 (Fig. 5) when an SYN-
CD is used to determine the BB frame to be selected.
[0124] In Fig. 12, the control unit 211 includes a BB
header analysis unit 251, an SYNCD expected value cal-
culation unit 252, a BB frame-to-be-selected determina-
tion unit 253, and a BB frame selection control unit 254.
[0125] The BB header analysis unit 251 analyzes the
BB headers of the BB frames stored in the tops of the
buffers 214-1 to 214-N, and provides the analysis result
to the BB frame-to-be-selected determination unit 253.
[0126] The SYNCD expected value calculation unit
252 calculates the expected value of an SYNCD from
the BB frame previously selected by the BB frame selec-
tion unit 215 and provides the calculated value to the BB
frame-to-be-selected determination unit 253.
[0127] To the BB frame-to-be-selected determination
unit 253 are provided the analysis result of the BB head-
ers from the BB header analysis unit 251 and the expect-
ed value of the SYNCD from the SYNCD expected value
calculation unit 252. The analysis result of the BB head-
ers includes the values of the SYNCDs and ISCRs ob-
tained from the selectable BB frames stored in the tops
of the buffers 214-1 to 214-N.
[0128] The BB frame-to-be-selected determination
unit 253 determines whether there is an SYNCD with the
value identical to the expected value of the SYNCD by
comparing the values of the SYNCDs obtained from the
selectable BB frames with the expected value of the SYN-
CD.
[0129] When there is an SYNCD with the value iden-
tical to the expected value of the SYNCD, the BB frame-
to-be-selected determination unit 253 determines that
the BB frame of (the BB header including the value of)
the SYNCD is the next BB frame, and provides the de-
termination result to the BB frame selection control unit
254.
[0130] Alternatively, when there is no SYNCD with the
value identical to the expected value of the SYNCD, the
BB frame-to-be-selected determination unit 253 deter-
mines that the BB frame having the ISCR with the mini-
mum value is the next BB frame among the selectable
BB frames stored in the tops of the buffers 214-1 to 214-
N on the basis of the analysis result of the ISCRs provided
from the BB header analysis unit 251, and provides the
determination result to the BB frame selection control

unit 254.
[0131] The BB frame selection control unit 254 controls
the BB frame selection unit 215 on the basis of the de-
termination result provided from the BB frame-to-be-se-
lected determination unit 253 such that the next BB frame
is selected among the selectable BB frames stored in the
tops of the buffers 214-1 to 214-N in accordance with the
determination result.

(Flow of First BB Frame Selection Process)

[0132] Next, the flow of a first BB frame selection proc-
ess corresponding to the process of step S220 in Fig. 6
will be described with reference to the flowchart of Fig. 13.
[0133] In step S241, the BB frame-to-be-selected de-
termination unit 253 determines whether there is an SYN-
CD with the value identical to the expected value of the
SYNCD by comparing the values of the SYNCDs of the
selectable BB frames analyzed by the BB header anal-
ysis unit 251 with the expected value of the SYNCD cal-
culated by the SYNCD expected value calculation unit
252.
[0134] When it is determined in step S241 that there
is an SYNCD having the value identical to the expected
value of the SYNCD, the process goes to step S242. The
BB frame-to-be-selected determination unit 253 deter-
mines in step S242 that the BB frame of the SYNCD
having the value identical to the expected value of the
SYNCD is the next BB frame, and provides the determi-
nation result to the BB frame selection control unit 254.
[0135] In step S243, the BB frame selection unit 215
selects the BB frame corresponding to the determination
result of the process of step S242 (the BB frame of the
SYNCD having the value identical to the expected value
of the SYNCD) from the selectable BB frames stored in
the tops of the buffers 214-1 to 214-N in accordance with
the control by the BB frame selection control unit 254.
[0136] On the other hand, when it is determined in step
S241 that there is no SYNCD with the value identical to
the expected value of the SYNCD, the process goes to
step S244. The BB frame-to-be-selected determination
unit 253 determines in step S244 that the BB frame hav-
ing the ISCR with the minimum value is the next BB frame
among the selectable BB frames stored in the tops of the
buffers 214-1 to 214-N, and provides the determination
result to the BB frame selection control unit 254.
[0137] In step S245, the BB frame selection unit 215
selects the BB frame corresponding to the determination
result of the process of step S244 (the BB frame having
the ISCR with the minimum value) from the selectable
BB frames stored in the tops of the buffers 214-1 to 214-
N in accordance with the control by the BB frame selec-
tion control unit 254.
[0138] When the process of step S243 or S245 is com-
pleted, the process goes back to step S220 of Fig. 6, and
the processes in and after step S220 are performed.
[0139] The first BB frame selectionprocess has de-
scribed above. In the first BB frame selection process,
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the values of the SYNCDs of (the BB headers of) the
selectable BB frames stored in the tops of the buffers
214-1 to 214-N are referenced and the BB frame to be
selected next is determined in accordance with whether
the value of the SYNCD is identical to the expected value
of the SYNCD. Thus, the effect of double laps of an ISCR
can be avoided and minimized.

(2) Determination of BB Frame to Be Selected Using Dif-
ference Value between ISCRs

[0140] Next, with reference to Figs. 14 to 17, a method
for avoiding double laps of an ISCR by determining the
next BB frame using the difference values between IS-
CRs will be described as a method for avoiding double
laps of an ISCR in PLP bundling.

(Method for Avoiding Double Laps of ISCR Using Differ-
ence Values between ISCRs)

[0141] Hereinafter, a method for avoiding double laps
of an ISCR using the difference values between ISCRs
will be described first with reference to Figs. 14 and 15.
[0142] In Fig. 14, the BB frames having ISCRs
"450000", "950000", "1450000", and "3950000" are
stored and selectable in the tops of the buffers 214-1 to
214-4. However, as described above, it is may be impos-
sible to appropriately rearrange the BB frames unless
the BB frames are selected in consideration of the effect
of double laps of an ISCR. In light of the foregoing, in the
method for avoiding double laps of an ISCR using the
difference values between ISCRs, the values of the IS-
CRs of the selectable BB frames are sorted (rearranged)
in ascending or descending order and it is determined
that double laps of an ISCR occurs when the difference
value between the ISCRs exceeds a predetermined
threshold.
[0143] Specifically, when the values of the ISCRs of
the BB frames stored in the tops of the buffers 214-1 to
214-4 are sorted in ascending order, the BB frames are
arranged in the order of "450000", "950000", "1450000",
and "3950000" as illustrated in Fig. 15. Furthermore,
when each difference value between the ISCRs is cal-
culated, the difference value between "450000" and
"950000" is "500000", the difference value between
"950000" and "1450000" is "500000", and the difference
value between "1450000" and "3950000" is "2500000".
[0144] In this example, the threshold compared with
each difference value between the ISCRs is determined,
for example, in accordance with the transmission rate.
When the threshold is set at "2000000" that is approxi-
mately half of the maximum value of a 22-bit ISCR, both
the difference value between "450000" and"950000" and
the difference value between "450000" and "950000" are
"500000" and thus lower than the threshold that is
"2000000". As described above, when the difference val-
ue between the ISCRs is lower than the threshold, it is
determined that double laps of an ISCR does not occur.

[0145] On the other hand, the difference value between
"1450000" and "3950000" is "2500000" and thus ex-
ceeds the threshold that is "2000000". As described
above, when the difference value between the ISCRs
exceeds the threshold, it is determined that double laps
of an ISCR occurs. In such a case, the BB frame having
the larger value of the values of the two ISCRs having
the maximum difference value of an ISCR is determined
as the BB frame to be selected next. In this example, the
difference value between "1450000" and "3950000" is
the maximum difference value, and thus the BB frame
having the ISCR "3950000" larger than the ISCR
"1450000" is determined as the next BB frame.
[0146] In other words, in the example of Fig. 14, when
a counter value reaches the maximum value and the
counting starts from zero again to count the value of the
ISCR "450000", the value of the ISCR "3950000" is
counted before the counter value reaches the maximum
value. Thus, the BB frame having the ISCR "3950000"
stored in the top of the buffer 214-4 is selected before
the BB frame having the ISCR "450000" stored in the top
of the buffer 214-1 is selected. This selection can rear-
range the BB frames in correct order.
[0147] As described above, in the determination of the
BB frame to be selected using the difference values be-
tween the ISCRs, an ISCR that may cause double laps
is not immediately used, and the BB frame to be selected
next is determined in accordance with whether the dif-
ference value of the ISCRs exceeds the threshold. Thus,
the effect of the double laps of an ISCR can be avoided.
[0148] In other words, when ISCRs are used to deter-
mine the BB frame to be selected next, the ISCR may
cause double laps and thus selecting the BB frame hav-
ing the ISCR with the minimum value is not necessarily
correct. However, using the difference values between
the ISCRs does not cause a phenomenon such as double
laps, and thus can ensure that a correct BB frame is se-
lected.
[0149] Note that, when the apparatus operates in a Null
packet deletion, the difference between the ISCRs is not
constant and thus it is difficult to detect the difference.
Thus, the method in which the difference values between
the ISCRs are used to avoid double laps of an ISCR is
preferably used in a mode other than the Null packet
deletion.
[0150] Alternatively, for example, when the BB frame
to be selected next is determined between the BB frames
stored in the tops of the buffer 214-1 and the buffer 214-2,
only the two ISCRs are compared. In this example, the
difference in a case in which double laps of an ISCR
occurs and the difference in a case in which double laps
of an ISCR does not occur are compared, and it may be
determined that one of the cases, whichever the differ-
ence value between the ISCRs is smaller, is correct.

(Exemplary Functional Configuration of Control Unit)

[0151] Fig. 16 is a diagram of an exemplary functional
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configuration of the control unit 211 (Fig. 5) when the
difference values between the ISCRs are used to deter-
mine the BB frame to be selected. Note that the parts of
the control unit 211 of Fig. 16 corresponding to the parts
of the control unit 211 of Fig. 12 will be put with the same
reference signs and the description will properly be omit-
ted.
[0152] In Fig. 16, the control unit 211 includes the BB
header analysis unit 251, the BB frame-to-be-selected
determination unit 253, the BB frame selection control
unit 254, and an ISCR difference value calculation unit
261. In the other words, in comparison with the control
unit 211 of Fig. 12, the control unit 211 of Fig. 16 includes
the ISCR difference value calculation unit 261 instead of
the SYNCD expected value calculation unit 252.
[0153] The ISCR difference value calculation unit 261
sorts (rearranges) the values of the ISCRs of the selecta-
ble BB frames in ascending or descending order on the
basis of the analysis result of the ISCRs provided from
the BB header analysis unit 251 and calculates each dif-
ference value between the ISCRs, and provides the cal-
culated difference values to the BB frame-to-be-selected
determination unit 253.
[0154] The BB frame-to-be-selected determination
unit 253 determines whether the difference values be-
tween the ISCRs exceed a predetermined threshold by
comparing each difference values between the ISCRs
provided from the ISCR difference value calculation unit
261 with the threshold.
[0155] When all the difference values between the IS-
CRs are lower than the threshold, the BB frame-to-be-
selected determination unit 253 determines that the BB
frame having the ISCR with the minimum value among
the selectable BB frames stored in the tops of the buffers
214-1 to 214-N is the next BB frame on the basis of the
analysis result of the ISCRs provided from the BB header
analysis unit 251, and provides the determination result
to the BB frame selection control unit 254.
[0156] Alternatively, when a difference value of the IS-
CRs exceeds the threshold, the BB frame-to-be-selected
determination unit 253 determines that the BB frame hav-
ing the ISCR with the larger value of the values of the
two ISCRs having the maximum difference value is the
BB frame to be selected next, and provides the determi-
nation result to the BB frame selection control unit 254.
[0157] The BB frame selection control unit 254 controls
the BB frame selection unit 215 on the basis of the de-
termination result provided from the BB frame-to-be-se-
lected determination unit 253 such that the next BB frame
in accordance with the determination result is selected
from the selectable BB frames stored in the tops of the
buffers 214-1 to 214-N.

(Flow of Second BB Frame Selection Process)

[0158] Next, the flow of a second BB frame selection
process corresponding to the process of step S220 in
Fig. 6 will be described with reference to the flowchart of

Fig. 17.
[0159] In step S261, the ISCR difference value calcu-
lation unit 261 sorts (rearranges) the values of the ISCRs
of the selectable BB frames in ascending or descending
order on the basis of the analysis result of the ISCRs
provided from the BB header analysis unit 251 and cal-
culates each difference value between the ISCRs.
[0160] In step S2 62, the BB frame-to-be-selected de-
termination unit 253 determines on the basis of the dif-
ference values of the ISCRs calculated in the process of
step S261 whether the maximum difference value of the
ISCRs exceeds a predetermined threshold.
[0161] When it is determined in step S262 that the max-
imum difference value between the ISCRs exceeds the
predetermined threshold, the process goes to step S263.
In step S263, the BB frame-to-be-selected determination
unit 253 determines that the BB frame having the ISCR
with the larger value of the values of the two ISCRs having
the maximum difference value is the next BB frame, and
provides the determination result to the BB frame selec-
tion control unit 254.
[0162] In step S264, the BB frame selection unit 215
selects the BB frame in accordance with the determina-
tion result of the process of step S263 (the BB frame
having the ISCR with the larger value of the values of the
two ISCRs having the maximum difference value) from
the selectable BB frames stored in the tops of the buffers
214-1 to 214-N in accordance with the control by the BB
frame selection control unit 254.
[0163] Alternatively, when it is determined in step S262
that the maximum difference value of the ISCRs is lower
than the predetermined threshold, the process goes to
step S265. In step S265, the BB frame-to-be-selected
determination unit 253 determines that the BB frame hav-
ing the ISCR with the minimum value among the selecta-
ble BB frames stored in the tops of the buffers 214-1 to
214-N is the next BB frame, and provides the determi-
nation result to the BB frame selection control unit 254.
[0164] In step S266, the BB frame selection unit 215
selects the BB frame in accordance with the determina-
tion result of the process of step S265 (the BB frame
having the ISCR with the minimum value) from the se-
lectable BB frames stored in the tops of the buffers 214-1
to 214-N in accordance with the control by the BB frame
selection control unit 254.
[0165] When the process of step S264 or S266 is com-
pleted, the process goes back to step S220 in Fig. 6 and
the processes in and after step S220 are performed.
[0166] The second BB frame selection process has
been described above. In the second BB frame selection
process, the BB frame to be selected next is determined
in accordance with whether the difference values be-
tween the ISCRs (of the BB headers) of the selectable
BB frames stored in the tops of the buffers 214-1 to 214-
N exceed the threshold. Thus, the effect of double laps
of an ISCR can be avoided and minimized.
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<4. Computer Configuration>

[0167] The series of processes described above can
be performed either with hardware or with software.
When the series of processes is performed with software,
a program in which the software is configured is installed
on a computer. Fig. 18 is a diagram of an exemplary
configuration of the computer hardware that performs the
series of processes with a program.
[0168] In a computer 900, a Central Processing Unit
(CPU) 901, a Read Only Memory (ROM) 902, and a Ran-
dom Access Memory (RAM) 903 are connected to each
other via a bus 904. An input/output interface 905 is also
connected to the bus 904. To the input/output interface
905 are connected an input unit 906, an output unit 907,
a recording unit 908, a communication unit 909, and a
drive 910.
[0169] The input unit 906 includes, for example, a key-
board, a mouse, or a microphone. The output unit 907
includes, for example, a display or a loudspeaker. The
recording unit 908 includes, for example, a hard disk or
a non-volatile memory. The communication unit 909 in-
cludes, for example, a network interface. The drive 910
drives a removable medium 911 such as a magnetic disk,
an optical disk, a magneto-optical disk, or a semiconduc-
tor memory.
[0170] In the computer 900 having the configuration
described above, the CPU 901 loads the program stored
in the ROM 902 or the recording unit 908 via the input/out-
put interface 905 and the bus 904 onto the RAM 903 and
executes the program. This performs the series of proc-
esses.
[0171] For example, the program executed by the com-
puter 900 (CPU 901) can be recorded in the removable
medium 911 as a package medium or the like and pro-
vided. Alternatively, the program can be provided via a
wired or wireless transmission medium such as a local
area network, the Internet, or a digital satellite broadcast.
[0172] In the computer 900, when the removable me-
dium 911 is attached to the drive 910, a program can be
installed via the input/output interface 905 onto the re-
cording unit 908. Alternatively, the program can be re-
ceived with the communication unit 909 via a wired or
wireless transmission medium and installed onto the re-
cording unit 908. Alternatively, the program can be in-
stalled on the ROM 902 or the recording unit 908 in ad-
vance.
[0173] The processes that the computer performs in
accordance with programs herein are not necessarily
performed chronologically in the order described in the
flowcharts. In other words, the processes that the com-
puter performs in accordance with a program include the
processes performed in parallel or individually (for exam-
ple, parallel processes or the processes by the object).
Alternatively, the program can be executed by a compu-
ter (processor), or can be distributed and executed by a
plurality of computers.
[0174] Note that the embodiments of the present tech-

nology are not limited to the embodiments descried
above, and can variously be changed without departing
from the gist of the present technology.
[0175] Alternatively, the present technology can have
the following configurations.

(1) A receiving apparatus including:

a receiving unit that receives a plurality of divid-
ed streams that is a plurality of data slices to
which BaseBand (BB) frames of a BB stream
are distributed, the BB stream being a stream
including the BB frames;
a selection unit that selects a next BB frame from
selectable BB frames among the BB frames on
the basis of a bit information item indicating a
remaining number of bits necessary to assem-
ble a packet in which a BB header added to the
BB frame is stored when the BB frame is stored
in the packet; and
a reassembling unit that reassembles the plu-
rality of divided streams as the BB stream orig-
inally assembled by sequentially processing the
BB frames in order in which the selection unit
selects the BB frames.

(2) The receiving apparatus according to (1),
wherein the bit information item is an SYNCD pre-
scribed in a Digital Video Broadcasting - Cable sec-
ond generation (DVB-C2) standard.
(3) The receiving apparatus according to (2),
wherein the selection unit selects, as the next BB
frame, a BB frame having the BB header including
an SYNCD with a value identical to an expected val-
ue of the SYNCD expected from the BB frame pre-
viously selected from selectable BB frames among
the BB frames.
(4) The receiving apparatus according to (2) or (3),
wherein, when there is no BB frame to which the BB
header including the SYNCD with the value identical
to an expected value of the SYNCD expected from
the BB frame previously selected is added among
the selectable BB frames, the selection unit selects,
as the next BB frame, the BB frame to which the BB
header including a time information item with a min-
imum value is added.
(5) The receiving apparatus according to (4),
wherein the time information item is an Input Stream
Time Reference (ISCR) of an Input Stream Synchro-
nizer (ISSY) prescribed in the DVB-C2 standard.
(6) A receiving method of a receiving apparatus, the
receiving method including
receiving a plurality of divided streams that is a plu-
rality of data slices to which BB frames of a BB stream
are distributed, the BB stream being a stream includ-
ing the BB frames;
selecting a next BB frame from selectable BB frames
among the BB frames on the basis of a bit information
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item indicating a remaining number of bits necessary
to assemble a packet in which a BB header added
to the BB frame is stored when the BB frame is stored
in the packet; and
reassembling the plurality of divided streams as the
BB stream originally assembled by sequentially
processing the BB frames in order in which the BB
frames are selected,
the steps of receiving, selecting and reassembling
being performed by the receiving apparatus.

REFERENCE SIGNS LIST

[0176]

1 Transmission system
10 Sending apparatus
20 Receiving apparatus
30 Transmission path
111 Control unit
112 BB frame generation unit
113 BB frame distribution unit
114 Data slice processing unit
115 Frame assembling unit
116 Sending unit
211 Control unit
212 Receiving unit
213 Data slice processing unit
214 Buffer
215 BB frame selection unit
216 BB frame processing unit
251 BB header analysis unit
252 SYNCD expected value calculation unit
253 BB frame-to-be-selected determination unit
254 BB frame selection control unit
261 ISCR difference value calculation unit
900 Computer
901 CPU

Claims

1. A receiving apparatus comprising:

a receiving unit that receives a plurality of divid-
ed streams that is a plurality of data slices to
which BaseBand (BB) frames of a BB stream
are distributed, the BB stream being a stream
including the BB frames;
a selection unit that selects a next BB frame from
selectable BB frames among the BB frames on
the basis of a bit information item indicating a
remaining number of bits necessary to assem-
ble a packet in which a BB header added to the
BB frame is stored when the BB frame is stored
in the packet; and
a reassembling unit that reassembles the plu-
rality of divided streams as the BB stream orig-

inally assembled by sequentially processing the
BB frames in order in which the selection unit
selects the BB frames.

2. The receiving apparatus according to claim 1,
wherein the bit information item is an SYNCD pre-
scribed in a Digital Video Broadcasting - Cable sec-
ond generation (DVB-C2) standard.

3. The receiving apparatus according to claim 2,
wherein the selection unit selects, as the next BB
frame, a BB frame having the BB header including
an SYNCD with a value identical to an expected val-
ue of the SYNCD expected from the BB frame pre-
viously selected from selectable BB frames among
the BB frames.

4. The receiving apparatus according to claim 3,
wherein, when there is no BB frame to which the BB
header including the SYNCD with the value identical
to the expected value of the SYNCD is added among
the selectable BB frames, the selection unit selects,
as the next BB frame, the BB frame to which the BB
header including a time information item with a min-
imum value is added.

5. The receiving apparatus according to claim 4,
wherein the time information item is an Input Stream
Time Reference (ISCR) of an Input Stream Synchro-
nizer (ISSY) prescribed in the DVB-C2 standard.

6. A receiving method of a receiving apparatus, the re-
ceiving method comprising the steps of:

receiving a plurality of divided streams that is a
plurality of data slices to which BB frames of a
BB stream are distributed, the BB stream being
a stream including the BB frames;
selecting a next BB frame from selectable BB
frames among the BB frames on the basis of a
bit information item indicating a remaining
number of bits necessary to assemble a packet
in which a BB header added to the BB frame is
stored when the BB frame is stored in the packet;
and
reassembling the plurality of divided streams as
the BB stream originally assembled by sequen-
tially processing the BB frames in order in which
the BB frames are selected,
the steps of receiving, selecting and reassem-
bling being performed by the receiving appara-
tus.
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