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(57) Abréegée/Abstract:

The present invention provides a method of processing data in digital broadcasting system. The method includes recelving a
broadcast signal including mobile broadcast service data and main broadcast service data, wherein the mobile broadcast service
data configures a data group, wherein the data group Is divided into a pluralty of regions, wherein N number of known data
sequences are Inserted in some regions among the plurality of regions, and wherein a transmission parameter Is inserted between
a first known data sequence and a second known data sequence, among the N number of known data sequences, detecting the
transmission parameter from the mobile broadcast service data, controling power based upon the detected transmission
parameter, thereby recelving a data group including requested mobile broadcast service data, extracting video data from the mobile

broadcast service data and decoding the extracted video data, the decoding step comprising performing overlap smoothing on the
video data and performing loop filtering on the overlap-smoothed video data.
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(57) Abstract: The present invention provides a method of processing data in digital broadcasting system. The method includes
receiving a broadcast signal including mobile broadcast service data and main broadcast service data, wherein the mobile broadcast
service data configures a data group, wherein the data group is divided into a plurality of regions, wherein N number of known

& data sequences are inserted in some regions among the plurality of regions, and wherein a transmission parameter is inserted be-
& tween a first known data sequence and a second known data sequence, among the N number of known data sequences, detecting the
N (ransmission parameter from the mobile broadcast service data, controlling power based upon the detected transmission parameter,

thereby receiving a data group including requested mobile broadcast service data, extracting video data from the mobile broadcast
service data and decoding the extracted video data, the decoding step comprising performing overlap smoothing on the video data
and performing loop filtering on the overlap-smoothed video data.
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[DESCRIPTION]

DIGITAL BROADCASTING SYSTEM AND METHOD OF PROCESSING DATA IN
DIGITAL BROADCASTING SYSTEM

[Technical Field]

The present invention relates to a digital broadcasting system, and

more particularly, to a digital broadcasting system and a data processing method.

[Background Art}

The Vestigial Sideband (VSB) transmission mode, which Is adopted as
the standard for digital broadcasting in North America and the Republic of Korea, Is a
system using a single carrier method. Therefore, the receiving performance of the
digital broadcast receiving system may be deteriorated in a poor channeil
environment. Particularly, since resistance to changes in channels and noise is more
highly required when using portable and/or mobile broadcast receivers, the receiving
performance may be even more deteriorated when transmitting mobile service data

by the VSB transmission mode.

[Disclosure]

According to an aspect of the present invention, there is provided a
method of processing a digital broadcast signal including mobile service data, the
method comprising: first randomizing the mobile service data; building an RS frame
including the randomized mobile service data, the RS frame being a 2-dimensional
data frame through which the mobile service data is RS encoded at one of a plurality
of RS code and CRC encoded:; dividing the built RS frame into a plurality of RS frame
portions, each of the RS frame portions having length of PL bytes; encoding signaling
data including transmission parameters for signaling the mobile service data; forming
data groups, each of the data groups including data of each of the plurality of RS
frame portions and the encoded signaling data; forming mobile service data packets

including data in the formed data groups; multiplexing the mobile service data
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packets with main service data packets including main service data; second
randomizing data in the multiplexed main service data packets and a portion of data
included in the multiplexed mobile service data packets; and transmitting the digital
broadcast signal including the randomized data and other portion of data included in
the multiplexed mobile service data packets, wherein the mobile service data

iIncludes video data, a picture of the video data includes blocks.

According to another aspect of the present invention, there is provided
an apparatus for processing a digital broadcast signal including mobile service data,
the apparatus comprising: a first randomizer configured to first randomize the mobile
service data; a frame encoder configured to build an RS frame including the
randomized mobile service data, the RS frame being a 2-dimensional data frame
through which the mobile service data is RS encoded at one of a plurality of RS code
and CRC encoded; a frame divider configured to divide the built RS frame into a
plurality of RS frame portions, each of the RS frame portions having length of PL
bytes: a signaling encoder configured to encode signaling data including transmission
parameters for signaling the mobile service data; a group formatter configured to form
data groups, each of the data groups including data of each of the plurality of RS
frame portions and the encoded signhaling data; a packet formatter configured to form
mobile service data packets including data in the formed data groups; a multiplexer
configured to multiplex the mobile service data packets with main service data
packets including main service data; a second randomizer configured to second
randomize data in the multiplexed main service data packets and a portion of data
included in the multiplexed mobile service data packets; and a transmission unit

configured to transmitting the digital broadcast signal including the randomized data
and other portion of data included in the multiplexed mobile service data packets,

wherein the mobile service data includes video data, a picture of the video data

includes blocks.

According to another aspect of the present invention, there is provided

a method of receiving a digital broadcast signal including mobile service data, the
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method comprising: receiving the digital broadcast signal including the mobile service data
and signaling data, wherein the mobile service data includes video data, wherein the
mobile service data and signaling data are processed in steps comprising: first
randomizing mobile service data; building an RS frame including the randomized mobile
service data, the RS frame being a 2-dimensional data frame through which the mobile
service data is RS encoded at one of a plurality of RS code and CRC encoded; dividing
the built RS frame into a plurality of RS frame portions, each of the RS frame portions
having length of PL bytes; encoding signaling data including transmission parameters for
signaling the mobile service data; forming data groups, each of the data groups including
data of each of the pIUrality of RS frame portions and the encoded signaling data; forming
moblile service data packets including data in the formed data groups; multiplexing the
mobile service data packets with main service data packets including main service data;
and second randomizing data in the multiplexed main service data packets and a portion
of data included in the multiplexed mobile service data packets; obtaining the mobile
service data from the received digital broadcast signal; extracting the video data from the

obtained mobile service data, wherein a picture of the video data includes blocks.

According to another aspect of the present invention, there is provided an
apparatus for receiving a digital broadcast signal including mobile service data, the method
comprising: a receiving unit configured to receive the digital broadcast signal including the
mobile service data and signaling data, wherein the mobile service data includes video
data, wherein the mobile service data and signaling data are processed in steps
comprising: first randomizing mobile service data; building an RS frame including the
randomized mobile service data, the RS frame being a 2-dimensional data frame through
which the mobile service data is RS encoded at one of a plurality of RS code and CRC
encoded; dividing the built RS frame into a plurality of RS frame portions, each of the RS
frame portions having length of PL bytes; encoding signaling data including transmission
parameters for signaling the mobile service data; forming data groups, each of the data
groups including data of each of the plurality of RS frame portions and the encoded
signaling data; forming mobile service data packets including data in the formed data

groups; multiplexing the mobile service data packets with main service data packets



10

15

20

29

CA 02691652 2012-02-09

74420-392

2b

including main service data; and second randomizing data in the multiplexed main service
data packets and a portion of data included in the multiplexed mobile service data packets:
an obtaining unit configured to obtain the mobile service data from the received digital

broadcast signal; a extracting unit configured to extract the video data from the obtained

mobile service data, wherein a picture of the video data includes blocks.

Some embodiments may provide a digital broadcasting system and a data

processing method that can enhance the efficiency.

Some embodiments are directed to a digital broadcasting system and a
data processing method that may substantially obviate one or more problems due to

imitations and disadvantages of the related art.

Some embodiments may provide a digital broadcasting system and a data

processing method that are highly resistant to channel changes and noise.

Some embodiments may provide a digital broadcasting system and a data
processing method that can enhance the receiving performance of the recelving system
by performing additional encoding on mobile service data and by transmitting the

processed data to the receiving system.

Some embodiments may provide a digital broadcasting system and a data

processing method that can also enhance the receiving performance of the receiving
system by inserting known data already known in accordance with a pre-agreement

between the receiving system and the transmitting system in a predetermined region

within a data region.

Additional advantages, and features of some embodiments of the invention
will be set forth in part in the description which follows and in part will become apparent to
those having ordinary skill in the art upon examination of the following or may be learned
from practice of the invention. The objectives and other advantages of some

embodiments of the invention may be
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realized and attained by the structure particularly pointed

out 1n the written description and claims hereof as well as

the appended drawings.

In another aspect, a digital broadcast transmitting

system may include a service multiplexer and a transmitter.
The service multiliplexer may multiplex moblle service data and

main service data at a predetermined coding rate and may

transmit the multiplexed data to the transmitter. The
transmitter may perform additional encoding on the mobile
service data being transmitted from the service multiplexer.
The transmitter may also group a plurality of additionally
encoded mobile service data packets so as to form a data
group. The transmitter may multiplex mobile service data
packets 1including mobile service data and maln service data
packets including main service data in packet units and may
transmit the multiplexed data packets to a digital broadcaét
receiving system.

Herein, the data group may be divided into a plurality

of regions depending upon a degree of interference of the

maln service data. Also, a loncj known .data sequence may be

periodically inserted in regions without interference of the

main sService data. Also, a digital broadcast receiving

system according to an embodiment of the present invention
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may be used for modulating and channel equalizing the known

data sequence.

Some embodiments may provide a

digital broadcasting system that can decode a video data using

a codec corresponding to coding scheme of the video data

included in a broadcasting signal.

Some embodiments may provide

a digital broadcasting system, that i1f a video data included
in a broadcasting signal 1is encoded by VC-1 scheme, the
digital broadcasting system 1s able to decode the video data

using overlap smoothing and loop filtering.

In another aspect, a method of
processing data includes receiving a broadcast signal including
mobile broadcast service data and main broadcast service data,
wherein the mobile broadcast service data configures a data
group, wherein the data group 1is divided into a plurality of
regions, wherein N number of known data sequences are inserted
in some regions among the plurality of regions, and whereln a

transmission. parameter is 1nserted between a first known data

sequence and a second known data sequence, among the N number

of known data sequences, detecting the transmission parameter

from the moblle broadcast service data, controlling power Dbased

upon the detected transmission parameter, thereby receiving a

data group including requested mobile broadcast service data,
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extracting video data from the mobile broadcast service data,

and decoding the extracted video data, wherein the decoding

step includes performing overlap smoothing on the video data,

and performing loop filtering on the overlap-smoothed video

data.

U

In some embodiments, the method o:

processing data further includes symbol-decoding the mobile
broadcast service data included in the received broadcast

signal in block units, based upon the detected transmission

parameter.

In some embodiments, the method ot

processing data further includes configuring an RS frame with
the  symbol-decoded mobile broadcast service data, and
performing RS—-decoding based upon the transmission parameter,
thereby correcting errors occurred in the corresponding mobile
broadcast service data, and derandomlzing the RS-decoded mobile
broadcast service data.

Preferably, the extracting step includes obtaining data

identification information for identifying a type of the mobile -
broadcast service data, wherein the video data 1is extracted

based on the data identification information.

Preferably, the decoding step includes obtaining a

reference block for reconstructing a current block, performing
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motion compensation of quarter-pel unit based on a motion
vector of quarter-pel unit and the reference block, wherein the
motion compensation performing step comprises applying a
prescribed welght to pixel values at a pixel location of 1l-pel
unit.

Preferably, the overlap smoothing performing step
iﬁcludes performing the overlap smoothing on each two pixels in
two directions centering on a block boundary to be smoothed,
wherein a single pixel adjacent in each of the two directions
centering on the Dblock boundary is smoothed in a manner

different from that of the smoothing process for other two

pixels.

Preferably, the loop filtering performing step includes

determining whether to perform filtering for a block boundary

area based on a result from comparing a function value

including a difference between pixels adjacent to the block

boundary area to a threshold, wherein when the function value

1s greater than the threshold, the filtering for the block

poundary area is not performed.

Preferably, the decoding step 1includes performing
intensity compensation on an image having the loop filtering
performed thereon, wherein the intensity compensation

performing step includes remapping a pixel value of a reference

image based on fading parameter information.
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In another aspect, a digital
broadcast system 1includes a receiver receliving a broadcast
signal 1including mobile Dbroadcast service data and main

broadcast service data, wherein the mobile broadcast service

data configures a data group, wherein the data group is divided
into a plurélity of regions, wherein N number of Xnown data
seguences are inserted in some regions among the plurality of
regions, and wherein a transmission parameter 1s inserted
between a first known data sequence and a second known data
sequence, among the N number of known data sequences, a
transmission. parameter detector detecting the transmission
parameter from the mobile broadcast sexrvice data, a power
controller controlling power based upon  the detected
transmission parametef, thereby receiving a data droup
1ncluding requested mobile  broadcast = service data, a

demultiplexing unit extracting video data from the mobile

broadcast service data, and a video data decoding unit decoding
the extracted video data, wherein the video data decoding unit
includes a overlap smoothing unit performing overlap smoothing
on the video data, and a loop filtering unit performing loop

filtering on the overlap~-smoothed video data.

Preferably, the digital broadcast system further includes

.a block decoder symbol-decoding the received broadcast signal

included in the mobile broadcast service data in block units,

based upon the transmlission parameter.
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Preferably, the digital broadcast system further 1ncludes

a RS frame decoder configuring an RS frame with the symbol-

decoded mobile broadcast service data, and performing RS-

decoding based upon the transmission parameter, thereby
correcting errors occurred 1n the corresponding mobile
broadcast service data, and a derandomaizer derandomizing the

RS—decoded mobile broadcast service data.

Preferably, the demultiplexing unit extracts the wvideo

data based on data identification information obtained from the

broadcast signal and  wherein the data identification

information identifies a type of the mobile broadcast service

data.

Preferably, the video data decoding unit includes a

L)

motion compensation unit performing motion compensation oO:

—

quarter-pel unit based on a motion vector of quarter-pel unilit

and a reference block, wherein the motion compensation unit

applies a prescribed weight to pixel values at a pixel location

—

of 1l-pel unit.

Preferably, the overlap smoothing unit performs the

overlap smoothing on each two pixels 1in two directions

centering on a block boundary to be smoothed and wherein the

overlap smoothing unit smoothes a single pixel adjacent in each

N

the two directions centering on the block boundary in a

F

manner different from that of the smoothing process for other

two pixels.
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Preferably, the loop filtering unit determines whether to perform fiitering
for a block boundary area based on a result from comparing a function value
including a difference between pixels adjacent to the block boundary area to a
threshold and wherein when the function value is greater than the threshold, the loop

filtering unit does not perform the filtering for the block boundary area.

It is to be understood that both the foregoing general description and
the following detailed description of the present invention are exemplary and
explanatory and are intended to provide further explanation of the invention as

claimed.

As described above, some embodiments may have the following
advantages. More specifically, some embodiments may be highly protected against
(or resistant to) any error that may occur when transmitting supplemental data
through a channel. And, some embodiments may also be highly compatible to the
conventional receiving system. Moreover, some embodiments may also receive the

supplemental data without any error even in channels having severe ghost effect ana

noise.

Furthermore, some embodiments may be even more effective when
applied to mobile and portable receivers, which are also liable to a frequent change In

channel and
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which require protection (or resistance) against i1ntense
noise.
[Description of Drawings]
The accompanyilng drawings, which are 1ncluded to
provide a further understanding of the invention and are

incorporated in and constitute a part of this application,

illustrate embodiment(s) of the invention and together with
the description serve to explain the principle of the

invention. In the drawings:

FIG. 1 illustrates a structure of a MPH frame for

transmitting and receiving mobile service data according to

an embodiment of the present invention;

FIG. 2 illustrates an exemplary structure of a VSB

L.l

“rame;

FIG. 3 illustrates a mapping example of the positions

to which the first 4 slots of a sub-frame are assigned with

respect to a VSB frame in a space region;
FIG. 4 illustrates a mapping example of the positions

to which the first 4 slots of a sub-frame are assigned with

respect to a VSB frame 1in a time region;
FIG. 5 illustrates an alignment of data after being

data interleaved and l1dentified;

FIG. 6 illustrates an enlarged portion of the data
group shown in FIG. 5 for a better understanding of the

present invention;
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FIG. 7 1illustrates an alignment of data before being

data interleaved and identified;

FIG. 8 illustrates an enlarged portion of the data

group shown in FIG. 7 for a better understanding of the

present invention;

FIG. 9 illustrates an exemplary assignement order of

| datla groups being assigned to one of 5 sub-frames according

to an embodiment of the present invention;

FIG. 10 illustrétes an example of multiple data groups

of a single parade being assigned (or allocated) to an MPH

frame;

FIG. 11 illustrates an example -of transmitting 3

parades to an MPH frame according to an embodiment of the present invention;

FIG. 12 illustrtaes an example of expanding the

assignment process of 3 parades to 5 sub-frames within an MPH

frame;

FIG. 13 illustrates a block diagram showing a general .

structure of a digital Dbroadcast transmitting system
according to an embodiment of the present invention;

FIG. 14 illustrates a block diagram showing an example

of a service multiplexer;
FIG. 15 illustrates a block diagram showing an example

of a transmitter according to an embodiment of the present

invention:;
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FIG. 16 illustrates a block diagram showlng an example

of a pre-processor according to an embodiment of the present invention;

FIG. 17 illustrates a conceptual block diagram of the

MPH frame encoder according to an embodiment of the present

5 invention;

FIG. 18 1illustrates a detailed block dilagram of an RS

frame encoder among a plurality of RS frame encoders within

an MPH frame encoder;

FIG. 19(a) and FIG. 19(b) 1illustrate a process of one

10 or two RS frame being divided into several portions, based

P

upon an RS frame mode value, and a process of each portion

being assigned to a corresponding region within  the

respective data group;

FIG. 20(a) to FIG. 20(c) illustrate error correction
15 encoding and error detection encoding processes according to

an embodiment of the present invention;

FIG. 21 illustrates an example of performing a row

permutation (or interleaving) process in super frame units

according to an embodiment of the present invention;

20 . FIG. 22(a) and FIG. 22(b) illustrate an example of
creating an RS frame by grouping data, thereby performing

error correction encoding and error detection encoding;

FIG. 23(a) and FIG. 23(b) 1illustrate an exemplary

process of dividing an RS frame for configuring a data group

25 according to an embodiment of the present invention;
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FIG. 24 1llustrates a block diagram of a block

processor according to an embodiment of the present
invention;
FIG. 25 1llustrates a detailed block diagram of a

convolution encoder of the block processor of FIG. 24;

FIG. 26 1i1llustrates a symbol interleaver of the block

processor of FIG. 24;

FIG. 27 1illustrates a Dblock diagram of a group
formatter according to an embodiment of the present

invention;

FIG. 28 1llustrates a detailed diagram of one of 12

)

trellis encoders included in the trellis encoding module o:

FIG. 15;

i

FIG. 29 1illustrates an example of assigning signaling

information area according to an embodiment of the present

invention;

FIG. 30 1illustrates a detailed block diagram of a

signaling encoder according to an embodiment of the present invention;

FIG. 31 illustrates an example of a syntax structuie of

TPC data according to an embodiment of the present invention;

FIG. 32 1illustrates an example of power saving of in a

recelver when transmitting 3 parades to an MPH frame level

according to an. embodiment of the present invention:;
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FIG. 33 illustrates an example of a transmission scenario of the TPC

data and the FIC data level according to an embodiment of the present invention;

FIG. 34 illustrates an example of a training sequence at the byte level

according to an embodiment of the present invention;

FIG. 35 illustrates an example of a training sequence at the symbol

according to an embodiment of the present invention;

FIG. 36 illustrates a block diagram of a demodulating unit in a receiving

system according to an embodiment of the present invention;

FIG. 37 illustrates a data structure showing an example of known data
being periodically inserted in valid data according to an embodiment of the present

Invention;

FIG. 38 illustrates a block diagram showing a structure of a

demodulator of the demodulating unit shown in FIG. 36;

FIG. 39 illustrates a detailed block diagram of the demodulator shown in
FIG. 38;

FIG. 40 illustrates a block diagram of a frequency offset estimator

according to an embodiment of the present invention;

FIG. 41 illustrates a block diagram of a known data detector ana initial

frequency offset estimator according to an embodiment of the present invention;

FIG. 42 illustrates a block diagram of a partial correlator shown In
FIG. 41;

FIG. 43 illustrates a second example of the timing recovery unit

according to an embodiment of the present invention;

FIG. 44(a) and FIG. 44(b) illustrate examples of detecting timing error In

a time domain:
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FIG. 45(a) and FIG. 45(b) illustrate other examples of detecting timing

error in a time domain;

FIG. 46 illustrates an example of detecting timing error using correlation
values of FIG. 44 and FIG. 45;

FIG. 47 illustrates an example of a timing error detector according to an

embodiment of the present invention;

FIG. 48 illustrates an example of detecting timing error in a frequency

domain according to an embodiment of the present invention;

FIG. 49 illustrates another example of a timing error detector according

to an embodiment of the present invention;

FIG. 50 illustrates a block diagram of a DC remover according to an

embodiment of the present invention;

FIG. 51 illustrates an example of shifting sample data inputted to a DC

estimator shown in FIG. 50:

FIG. 52 illustrates a block diagram of a DC remover according to

another embodiment of the present invention;

FIG. 53 illustrates a block diagram of another example of a channel

equalizer according to an embodiment of the present invention;

FIG. 54 illustrates a detailed block diagram of an example of a

remaining carrier phase error estimator according to an embodiment of the present

invention;

FIG. 55 illustrates a block diagram of a phase error detector obtaining a
remaining carrier phase error and phase noise according to an embodiment of the

present invention;
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F1G. 56 illustrates a phase compensator according to an embodiment of

the present invention;

FIG. 57 illustrates a block diagram of another example of a channel

equalizer according to an embodiment of the present invention;

FIG. 58 illustrates a block diagram of another example of a channel

equalizer according to an embodiment of the present invention;

FIG. 59 illustrates a block diagram of another example of a channel

equalizer according to an embodiment of the present invention;

FIG. 60 llustrates a block diagram of an example of a CIR estimator

according to an embodiment of the present invention;

FIG. 61 illustrates a block diagram of an example of a block decoder

according to an embodiment of the present invention;

FIG. 62 illustrates a block diagram of an example of a feedback

deformatter according to an embodiment of the present invention;

FIG. 63 to FIG. 65 illustrate process steps of error correction decoding

according to an embodiment of the present invention;

FIG. 66 illustrates a block diagram of a receiving system according to

an embodiment of the present invention;

FIG. 67 illustrates a bit stream syntax for a VCT according to an

embodiment of the present invention;

FIG. 68 illustrates a service type field according to an embodiment of

the present invention;

FIG. 69 illustrates a service location descriptor according to an

embodiment of the present invention;
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FIG. 70 illustrates examples that may be assigned to the stream_type

field according to an embodiment of the present invention;

FIG. 71 illustrates a bit stream syntax for an EIT according to an

embodiment of the present invention;

5 FIG. 72 illustrates a block diagram of a receiving system according to

another embodiment of the present invention;

FIG. 73 and FIG. 74 are diagrams of basic structures of VC-1 video

decoder in simple/main profile and advanced profile, respectively;

FIG. 75 is a diagram to explain a frame coding mode, in which a

10 frameffield mode of motion compensation may differ from a frame/field mode of

inverse transform;
FIG. 76 is a diagram to explain a picture type,
FIG. 77 is a diagram to explain DC prediction in DC/AC prediction unit;

FIG. 78 is a diagram to explain AC prediction in DC/AC prediction unit;

15 FIG. 79 and FIG. 80 are diagrams to explain types of
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inverse transform available for an inverse transform unit and

transform types according to TTEFRM value;

FIG. 81 is a diagram to explain an overlap smoothing

process 1n an overlap smoothing unit;

y——

5 FIG. 82 1s a diagram to explain a method of generating a

reference picture;

FIG. 83 1s a flowchart to explain decoding of motion

vector;

FIG. 84 is a diagram to explain a motion vector decoding

10 process in P-picture;

FIG. 85 is a diagram to explain a motion vector decoding

process 1in B-picture;

FIG. 86 is a diagram to explain a mode of motion vector

necessary for motion compensation;

15 FIG. 87 is a diagram to explain a bilinear interpolation

method;

FIG. 88 is a diagram to explain a bicubic interpolation

]

FIG. 89 1s a diagram to explain an embodiment o:

20 deblocking filter execution in a loop filtering unit;

FIG. 90 is a diagram of algorithm for performing

filtering on a third pair;

FIG. 91 and FIG. 92 are diagrams to explain deblocking

filtering for horizontal boundary and vertical boundary of an

25 interlaced frame I-picture, respectively;
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FIG. 93 is a block diagram to explain dynamic resolution

change for main/advanced profile;

FIG. 94 is a diagram of ©pseudo—-code of i1ntensity
compensation;
5 FIG. 95 is a diagram of a syntax element parsing process

for intensity compensation;

FIG. 96 is a block diagram to explain range reduction in

main profile; and

FIG. 97 is a block diagram to explain range mappling in

10 advanced profile.

[Best Model

Reference will now be made in detail to the preferred

embodiments. of the present invention, examples of which are

illustrated in the accompanying drawings. Wherever possible,

15 the same reference numbers will be used throughout the

drawings to refer to the same or 1like parts. In addition,

although the terms used in the present invention are selected

J—
f—

from generally known and used terms, some of the terms

p—

mentioned in the description. of the present invention have

20 been selected by the applicant at his or her discretion, the

detailed meanings of which are described in relevant parts of

the description herein. Furthermore, it is required that the

present invention 1is understood, not simply by the actual

—

terms used but by the meaning of each term lying within:
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Among the terms used in the description of the present

invention, main service data correspond to data that can be

received by a fixed receiving system and may 1include

audio/video (A/V) data. More specifically, the main service

data may include A/V data of high definition (HD) or standard

definition (SD) levels and may also include diverse data

types required for data broadcasting. Also, the known data

correspond to data pre-known 1in accordance with a pre-

arranged agreement between the receiving system and the

transmitting system. Additionally, among the terms used 1in

F

the present invention, “MPH” corresponds to the initials o

“mobile”, “pedestrian”, and “handheld” and represents the

—

opposite concept of a fixed-type system. Furthermore, the

MPH service data may include at least one of mobile service

data, pedestrian service data, and handheld service data, and

will also be referred to as “mobile service data” for
simplicity. Herein, the mobile service data not only

correspond to MPH service data but may also include any type

of service data with mobile or portable characteristics.

Therefore, the mobile service data according to the present

invention are not limited only to the MPH service data.

The above-described mobile service data may correspond

to data having information, such as program execution files,

stock information, and so on, and may also correspond to A/V

data. Most particularly, the mobile service data may




10

15

20

29

CA 02691652 2009-12-22
WO 2009/005315 PCT/KR2008/003931

21

correspond to A/V data having lower resolution and lower data

-y

rate as compared to the main service data. For example, 1!

an A/V codec that 1s used for a conventional main service

corresponds to a MPEG-2 codec, a MPEG-4 advanced video coding

(AVC) or scalable wvideo coding (SVC) having better image

i}

compression e

ficiency may be used as the A/V codec for the

"

mobile service. Furthermore, any type of data may be

transmitted as the mobile service data. For example,

transport protocol expert group (TPEG) data for broadcasting

real—-time transportation information may be transmitted as

the main service data.

Also, a data service using the mobile service data may

p— -

include weather forecast services, traffic information

services, stock 1nformation services, viewer participation

guiz programs, real-time polls and surveys, 1nteractive

education Dbroadcast programs, gJgaming services, services

providing information on synopslis, character, background

music, and filming sites of soap operas or series, services

providing information on past match scores and player

profiles and achievements, and services providing information

on product information and programs classified by service,

mediﬁm, time, and theme enabling purchase orders to Dbe

processed. Herein, the present invention is not limited only

dp—

In the present invention,

to the services mentioned above.

the transmitting system provides Dbackward Compatibility in
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the main service data so as to be received Dby the
conventional receiving system. Herein, the main service data

and the mobile service data are multiplexed to the same

physical channel and then transmitted.

Furthermore, the digital broadcast transmitting system

according to the present invention performs additiocnal

encoding on the mobile service data and inserts the data

already known by the receiving system and transmitting system

(e.g., known data), thereby transmitting the processed data.

Therefore, when using the transmitting system according to

the present invention, the receiving system may receive the

mobile service data during a mobile state and may also

receive the mobile service data with stability despite

various distortion and noise occurring within the channel.

MPH Frame Structure

In the embodiment of the present invention, the mobile

service data are first multiplexed with main service data in

MPH frame wunits and, then, modulated in a VSB 'mode and

transmitted to the receiving system. At this point, one MPH

frame consists of K1 number of sub-frames, wherein one sub-

frame includes K2 number of slots. Also, each slot may be

configured of K3 number of data packets. In the embodiment

of the present invention, K1 will be set to 5, KZ will be set

S5, K2=16, and
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correspond to values

preferred embodiment or are merely exe

above-mentioned vwvalues will not limit the

present i1nvention.

FIG.

PCT/KR2008/003931

mplary. There:

1 1llustrates a structure of a MPH

according

scope O

lues for Kl, K2, and K3 presented in this

TO a

"ore, the

£ the

frame for

transmitting and receiving mobile service data according to

the present invention. In the example shown in F.

MPH frame consists of o5 sub-frames,

includes 16

slots.

S

' G. 1, one

wherein each sub-frame

the present 1invention includes 5 sub-frames and

Also, in a packet level, one slot is

packets (1.

level, one slot is con:

the size of

the same amount of

prior to being in

field. More speci:

e., transport stream pé

o

“igured of 156 data

configured o:

ckets), and 1in

one slot corresponds to one half (1/2)

Cically,

data as a data

segments.

80

In this case, the MPH frame according to

slots.

156 data

a

symbol

Herein,

. oy
OT

a VSB

since one 207-byte data packet has

segment, a data packet

At this point, two VSB fields are grouped to form a

FI1G.

an odd field &

includes a

segments.

2 1llustrates an exemplary structure

field

frame, wherein one VSB frame consists

nd an even field).

synchronization

il

VSB

-

OL

of 2 VSB fields

Herein, each

segment and

VSB

312

cerleaved may also be used as a data segment.

Trame.

a VSB
(1.e.,

field

data

The slot corresponds to a basic time period for

multiplexing the mobilile service dats

- and the malin service
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data. Herein, one slot may either include the mobile service
data or be configured only of the main service data. If one

MPH frame is transmitted during one slot, the first 118 data

packets within the slot correspond to a data group. And, the

5 remaining 38 data packets Dbecome the main service data

packets. In another example, when no data group exists in a

slot, the corresponding slot is configured of 156 main

service data packets. Meanwhile, when the slots are assigned

to a VSB frame, an off-set exists for each assigned position.

10 FIG. 3 illustrates a mapping example of the positions

to which the first 4 slots of a sub-frame are assigned with

respect to a VSB frame 1n a space regilon. And, FIG. 4

illustrates a mapping example of the positions to which the

first 4 slots of a sub-frame are assigned with respect to a

15 VSB frame 1in a time region. Referring to FIG. 3 and FIG. 4,

a 38 data packet (TS packet #37) of a 1% slot (Slot #0) 1is

mapped to the 1°° data packet of an odd VSB field. A 38" data

packet (TS packet #37) of a 274 glot (Slot #1) is mapped to

~the 157" data packet of an odd VSB field. Also, a 38" data

20 paéket (TS packet #37) of a 3™ slot (Slot #2) 4is mapped to

the 1°° data packet of an even VSB field. And, a 38™ data

o)

packet (TS packet #37) of a 4™ slot (Slot #3) is mapped to

the 157" data packet of an even VSB field. Similarly, the

remaining 12 slots within the corresponding sub-frame are

25 mapped in the subsedquent VSB frames using the same method.




10

15

20

CA 02691652 2009-12-22
WO 2009/005315 PCT/KR2008/003931

25

Meanwhile, one data group may be divided into at least

one or more hierarchical regions. And, depending upon the

'-n-

characteristics of each hierarchical region, the type of

mobile service data being inserted in each region may vary.

For example, the data group within each region may be divided

-——i

(or categorized) based upon the receiving performance. In an

example given 1in the present invention, a data group is

divided into regions A, B, C, and D in a data configuration

prior to data deinterleaving.

FIG. 5 1llustrates an alignment of data after being

data interleaved and i1dentified. FIG. 6 1i1llustrates an

pr—

enlarged portion of the data group shown in FIG. 5 for a

better understanding of the present invention. FIG. 7
illustrates an alignment of data Dbefore being data
interleaved and identified. And, FIG. 8 illustrates an

enlarged portion of the data group shown in FIG. 7 for a

better understanding of the  present invention. More

specifically, a data structure identical to that shown in FIG.

5 1s transmitted to a receiving systemn. In other words, one

data packet is data-interleaved so as to be scattered to a

plurality of data segments, thereby being transmitted to the

receiving system. FIG. 5 illustrates an example of one data

group being scattered to 170 data segments. At this point,

i)

since one 207-byte packet has the same amount of data as one
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data segment, the packet that is not yet processed with data-

interleaving may be used as the data segment.

F

FIG. 5 shows an example of dividing a data group prioxr

to being data-interleaved into 10 MPH blocks (i.e., MPH block

1 (Bl) Tto MPH block 10 (B10O)). In this example, each MPH

block has the length of 16 segments. Referring to FIG. 5,

g

only the RS parity data are allocated to portions of the

first 5 segments of the MPH block 1 (Bl)and the last 5

F

segments of the MPH block 10 (B10). The RS parity data are

'

excluded 1in regions A to D of the data group. More

specifically, when 1t 1is assumed that one data group is

divided into regions A, B, C, and D, each MPH block may be

included in any one of region A to region D depending upon

the characteristic of each MPH block within the data group.

N

Herein, the data group is divided into a plurality of

regions to be used for di:

"erent purposes. More specifically,

a region of the main service data having no interference or a

very low interference level may be considered to have a more

resistant (or stronger) receiving performance as compared tO

regions having higher interxference levels. Additionally,

when using a system inserting and transmitting known data in

the da group, wherein the known data are known based upon

{ )
)

an agreement between the transmitting éystem and the

receiving system, and when consecutively long known data are

to be periodically inserted in the mobile service data, the
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known data having a predetermined length may be periodically

inserted in the region having no interference from t

service da

are not mixed).

service data,

ta (1.e.,

he main

a region wherein the main service data

However,

.
p—

1t 1s di:

ficult to periodics

due to 1nterference from t

he main

1ly insert known

data and also to insert consecutively long known data to a

region having inter:

Referring to FIG.

service data.
the data group shown in FIG.

no interference

"erence from the main

5, MPH block 4

service data.

(B4) to MPH

(B7) correspond to regions without interference of t

MPH block 4 (B4) to MPH block 7 (B7)

from the main service data occurs.

block 7

he main

within

5 correspond to a region where

In this

example, a long known data sequence is inserted at both the

beginning and end of each MPH block.

the present invention,

to MPH block 7

includes region A hs

at both The

recelving

using the channel in:

known data.

may be yielded

In the example o:

block 3 (B3)

(B/)

beginning and end of

system 1s ca

r—y

In the description of

F
pa—

the region including MPH block 4 (B4)

will Dbe  referred to as “region A

(=B4+B5+Bo+B7) ™. As described above,

There:

Core,

iy

when the dat

a group

ving a long known data sequence inserted

each MPH Dblock, the

pable of performing equalization by

the strongest equalizing per:

~ormation that can be obtained from the

(or obtained) from one o:

the data group

shown 1in FIG.

“ormance

- region A to region D.

5, MPH

and MPH block 8 (B8) correspond to a region
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having 1little interference from the main sexrvice data.

Herein, a long known data sequence is inserted in only one

side of each MPH block B3 and B8. More specifically, due to

the interference from the main service data, a long known

P

data sequence is inserted at the end of MPH block 3 (B3), and

another long known data sequence is inserted at the beginning

_
-—

of MPH block 8 (BSB). In the present invention, the regilon

including MPH block 3 (B3) and MPH block 8 (B8) will be

referred to as “region B (=B3+B8)". As described above, when

the data group includes region B having a long known data

e

seguence inserted at only one side (beginning or end) of each

MPH block, the receiving system 1s capable of performing

equalization by using the channel information that can Dbe

obtained from the known datsa. Therefore, a stronger

equalizing performance as compared to region C/D may be

vielded (or obtained).

Referring to FIG. 5, MPH block 2 (B2) and MPH block 3

(B9) correspond to a region having more interference from the

main service data as compared to region B. A long known data

ph—

sequence cannot be inserted in any side of MPH block 2 (BZ)

and MPH block 9 (B9). Herein, the region including MPH block

2 (B2) and MPH block 9 (B9) will be referred to as “:region

C (=B2+B9) ”. Finally, in the example shown in FIG. 5, MPH

block 1 (Bl) and MPH block 10 : (B10) correspond to a region

having more interference from the main service data as
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compared to region C. Similarly, a long known data sequence

cannot be inserted in any side of MPH block 1 (Bl) and MPH

block 10 (B1O). Herein, the region including MPH block 1

(B1) and MPH block 10 (B1l0) will be referred to as “region D

(=B1+B10) . Since region C/D is spaced further apart from

the known data sequence, when .the channel environment

undergoes  frequent and abrupt changes, the receiving

g

performance of region C/D may be deteriorated.

FIG. 7 1llustrates a data structure prior to data

interleaving. More specifically, FIG. 7 1llustrates an

example of 118 data packets being allocated to a data group.

FIG. 7 shows an example of a data group consisting of 118

data packets, wherein, based upon a reference packet (e.g., a

16St packet (or data segment) or 157" packet (or data segment)

after a field synchronization signal), when allocatihg data

packets to a VSB frame, 37 packets are included before the

reference packet and 81 packets (including the zreference

gr— g

packet) are included afterwards. n other words, with

reference to FIG. 5,

field synchronization signal is placed

Q)

(or assigned) between MPH block 2 (BZ2) and MPH block 3 (B3).

3
'}

Accordingly, this indicates that the slot has an off-set o

1

37 data packets with respect to the corresponding VSB field.

The size of the data groups, number of hierarchical regions

"

within the data group, the size of each region, the number o:

MPH blocks included in each region, the size o:

- each MPH

()



CA 026
WO 2009/005315

91652 2009-12-22

PCT/KR2008/003931

30

block, and so on described above are merely

exemplary.

Therefore, the present invention will not be limited to the

examples described above.

5 data groups being assigned

the 5 sub-frames configure

g—

FIG. 9 1illustrates an exemplary assignement order of

gri—

to one of 5 sub-frames, wherein

an MPH frame. For example, the

method of assigning data groups may be identically applied to

82,

Furthermore, the method o

10 identically applied to all

to each sub-frame. At this point,

1l MPH frames or differently applied to each MPH

V)

sub—-frames or di:

F
S

Lyrale.

f assinging data groups may be

ferently applied

when 1t i1s assumed that

the data groups are assigned using the same method in all

-

sub-frames of the corresponding MPH frame, the total number

P

15 multiple of '5'. According to the embodiment of

of data groups being assigned to an MPH frame is

equal to a

the present

invention, a plurality of consecutive data groups is assigned

to be spaced as far apart from one another as possible within

the MPH frame. Thus, the s

g—

ystem can be capable of responding

promptly and effectively to any burst error that may occur

20 within a sub-frame.

For example, when it

1s assumed that 3 data

groups are

assigned to a sub-frame, the data groups are assigned to a 1°°

slot (Slot #0), a 5% slot (Slot #4), and a 9 slot (Slot #8)

{)

in the sub-frame, respectively. FIG. 9 4illustrates an

25 example of assigning 16 da

ta groups 1n one sub-

frame using
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the above-described pattern

(or rule). In other words, each

10

15

20

data group is serially assigned to 16 slots corresponding to
the following numbers: 0, 8, 4, 12, 1, 9, 5, 13, 2, 10, 6, 14,
3, 11, 7, and 15. Eqgquation 1 below shows the above-described
rule (or pattern) for assigning data groups in a sub-frame.
Eguation 1
j=(4i+0) mod 16
0=0 if i<4,
| 0=2 else if i<8,
Hereln, L
0=1 else if i<l12,
0=3 else.

Herein, Jj 1indicates the slot number within a sub-
frame. The value of 7 may range from 0 to 15 (i.e., 0Zj<515).
Also, variable 1 indicates the data group number. The value
of i may range from 0 to 15 (i.e., 0ZiZl)5).

MPH

included 1in a frame will

Based upon the RS

frame

mode,

least one specific RS frame.

one RS frame may be assigned either to all of

within the corresponding data

regions A/B/C/D.

the mobile service data within one RS

either to all of regions A/:

In the present invention, a

In the embodiment of

groups

collection of data

be referred to as a

“parade”.

the parade transmits data of at

The mobile service data within

gy

regions A/B/C/D

H

group, or to at least one of

p—

the present invention,

frame may be assigned

P
—

3/C/D,

or Tto at least one of
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regions A/B and regions C/D. If the mobile service data

NS

()

assigned to the latter case (i.e., one of regions A/B and

regions C/D), the RS frame being assigned to regions A/B and

the RS frame being assigned to regions C/D within the

F
—

ferent from one another.

corresponding data group are di:

-y

In the description of the present invention, the RS

frame being assigned to reglions A/B within the corresponding

=

Trame”, and

data group will be referred to as a “primary RS

the RS frame being assigned to regions C/D within the

corresponding data group will be referred to as a “secondary

RS frame”, for simplicity. Also, the primary RS frame and

‘the secondary RS frame form (or configure) one parade. More

specifically, when the mobile service data within one RS

frame are assigned either to all of regions A/B/C/D within

the corresponding data group, one parade transmits one RS

frame. Conversely, when the mobile service data within one

RS frame are assigned either to at least one of regions A/B

and regions C/D, one parade may transmit up to 2 RS frames.

More specifically, the RS frame mode indicates whether a

parade transmits one RS frame, or whether the parade

transmits two RS frames. Table 1 below shows an example of

the RS frame mode.

Table 1
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frame mode | |
Description
(2
bits)
r r There is only one primary RS frame for
00
all group regions
B There are two separéte RS frames.
- Primary RS frame for group regions A
01 and B
- Secondary RS frame for group regions C
and D
10 Reserved
11 Reserved

Table 1 illustrates an example of allocating 2 bits in

order to indicate the RS frame mode. For example, referring

to Table 1, when the RS frame mode value 1s equal to '007,

this indicates that one parade transmits one RS frame. And,

when the RS frame mode value is equal to ‘01’, this indicates

that one parade transmits two RS frames, i.e., the primary RS

-ty

frame and the secondary RS frame. More specifically, when

rﬁ

the RS frame mode value is equal to ‘01’, data of the primary

RS frame for regions A/B are assigned and transmitted to

regions A/B of the corresponding data group. Similarly, data

3

of the secondary RS frame for regions C/D are assigned and

transmitted to regions C/D of the corresponding data group.
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Additionally, one RS frame transmits one ensemble.

F

Herein, the ensemble is a collection of services requliring

The same

same PRC

configure

ensemble.

RS frames, 1.

RS frame

Jr—.

guality of service (Q0S) and being encoded with the

codes.

d O

Conversely,

and

f one RS

e., when

two ensembles (i.e.,

ensemble)

transmitted through a

secondary ensemble

frame of

AS

parades are &

More specifically, when one parade 1s

frame, then one parade transmits one

—

when one parade 1is configured of two

one parade is configured of a primary

a secondary RS frame, then one parade transmits

a primary ensemble and a secondary

More specifically, the primary ensemble 1is

a parade.

primary RS frame of a parade, and the

is transmitted through a secondary RS

The RS frame i1is a 2Z2-dimensional data

frame through which an ensemble is RS-CRC encoded.

[

described in the assignment of data groups, the

1so assigned to be spaced as

LR

)

r apart from one

another as possible within the sub-frame. Thus, the system

can be cape

burst error that may

all sub-

According to

parades me

identically

p—

specifics

1lly,

the method of

the MPH

r—
—

ble of responding promptly and effectively to any

occur within a sub-frame. Furthermore,

assinging parades may be identically applied to

frames or differently applied to each sub-frame.

the embodiment of the present invention, the

y be assigned differently for each MPH frame and

for all sub-frames within an MPH frame. More

" a

frame structure may vary by MPH frame
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units. Thus, an ensemble rate may be adjusted on a more

frequent and flexible basis.

—

FIG. 10 illustrates an example of multiple data groups

of a single parade beiling assigned (or allocated) to an MPH

5 frame. DMore specifically, FIG. 10 i1llustrates an example o

a plurality of data groups included in a single parade,

F

wherein the number of data groups 1ncluded in a sub-frame is

—

equal to '3’', being allocated to an MPH frame. Referring to

FIG. 10, 3 data groups are sequentially assigned to a sub-

10 frame at a cycle period of 4 slots. Accordingly, when this

process 1s equally performed in the 5 sub-frames included in

the corresponding MPH frame, 15 data groups are assigned to a

single MPH frame. Herein, the 15 data groups correspond to
data groups 1included 1n a parade. Therefore, since one sub-
15 frame 1is configured of 4 VSB frame, and since 3 data groups

The

Lk

are included 1n a sub-frame, the data group o:

o
p—

corresponding parade 1s not assigned to one of the 4 VSB

_
p—

frames within a sub-frame.

For example, when 1t 1is assumed that one parade

20 transmits one RS frame, and that a RS frame encoder located

in a later block performs RS—-encoding on the corresponding RS

frame, thereby adding 24 Dbytes of parity data to the

corresponding RS frame and transmitting the processed RS

frame, the parity data oCccupy approximately 11.37%

25 (=24/(187+24)x100) of the total code word length. Meanwhile,
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when one sub-frame includes 3 data groups, and when the data

groups included in the parade are assigned, as shown in FIG.

10, a total of 15 data groups form an RS frame. Accordingly,

even when an error occurs 1in an entire data group due to a

- burst noise within a channel, the percentile 1s merely 6.67%

(=1/15x100). Therefore, the receiving system may correct all

errors by performing an erasure RS decoding process. More

specifically, when the erasure RS decoding 1s performed, a

number of channel errors corresponding to the number of RS

parity bytes may be corrected. By doing so, the receiving

.

system may correct the error of at Lleast one data group

within one parade. Thus, the minimum burst noise length

correctable by a RS frame is over 1 VSB frame.

Meanwhilile, when data groups of a parade are assigned as

described above, either main service data may be assigned

between each data group, or data groups corresponding tTO

)

di:

ferent parades may be assigned between each data group.

More specifically, data groups corresponding to multiple

parades may be assigned to one MPH frame. Basically, the

method of assigning data groups corresponding to multiple

parades 1s very similar to the method of assigning data

groups corresponding to a single parade. In other words,

data groups included in other parades that are to be assigned

to an MPH frame are also respectively assigned according to a

3

cycle period of 4 slots. At this point, data groups of a
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different parade may Dbe sequentially assigned to the

respective slots 1in a circular method. Herein, the data

from the ones to which

groups are assigned to slots starting

data groups of the previous parade have not yet been assigned.

5 For example, when it 1s assumed  that data groups

(G. 10,

corresponding to a parade are assigned as shown in Fj

data groups corresponding to the next parade may be assigned

-

to a sub-frame starting either from the 12 slot of a sub-

frame. However, this 1s merely exemplary. In another

10 example, tThe data groups of the next parade may also be

“ferent slot within a sub—-frame

- sequentially assigned to a di

!
[ |

at a cycle period of 4 slots starting from the 3™ slo

FIG. 11 illustrates an example of transmitting 3

parades (Parade #0, Parade #1, and Parade #2) to an MPH frame.

n example of

0}

15 More specifically, FIG. 11 i1llustrates

transmitting parades included in one of 5 sub~frames, wherein

the 5 sub-frames configure one MPH frame. When the 1°° parade

(Parade #0) includes 3 data groups for each sub-frame, the

positions of each data groups within the sub-frames may be

20 obtained by substituting wvalues ‘0’ to ‘2’ for i in Equation

g

1. More specifically, the data groups of the 1% parade

(Parade #0) are sequentially assigned to the 1%%, 5™, and 9"

slots (Slot #0, Slot #4, and Slot #8) within the sub-frame.

Also, when the 2™ parade includes 2 data groups for each sub-

of each data groups within the sub-

25 frame, the positions
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frames may be obtained by substituting values '3’ and ‘4’ for

i in Equation 1. More specifically, the data groups of the

2™ parade (Parade #1) are sequentially assigned to the 274 and

12%™ slots (Slot #3 and Slot #11) within the sub-frame.

Finally, when the 3*® parade includes 2 data groups for each

sub-frame, the positions of each data groups within the sub-

frames may be obtained by substituting values ‘5’ and ‘6’ for

i in Eqguation 1. More specifically, the data groups of the

3*% parade (Parade #2) are sequentially assigned to the 7 and

11™ slots (Slot #6 and Slot #10) within the sub-frame.

As described above, data groups of multiple parades may

be assigned to a single MPH frame, and, in each sub-frame,

the data groups are serially allocated to a 'group space

having 4 slots from left to right. Therefore, a number of

g.roups of one parade per sub-frame (NOG) may correspond to

any one integer from ‘1’ to '8’. Herein, since one MPH frame

ta groups within

Q)

includes 5 sub-frames, the total number of d

a parade that can be allocated to an MPH frame may correspond

to any one multiple of 'S5’ ranging from ‘5" to '40'.

"

FIG. 12 illustrates an example of expanding the

assignment process of 3 pa"rades, shown in FIG. 11, to 5 sub-

frames within an MPH frame.

—

General Description of the Transmitting System
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FIG. 13 illustrates a block diagram showing a general

n

structure o1 a digital broadcast transmitting system

i
0

gr——

according to an embodiment of the present invention.

Herein, the digital broadcast transmitting includes a

0 service multiplexer 100 and a transmitter 200. Herein, the

pr—.

service multiplexer 100 is located in the studio of each

broadcast station, and the transmitter 200 i1is located in a

site placed at a predetermined distance from the studio. The

P

transmitter 200 may be located in a plurality of di:

'}

ferent

10 locations. Also, for example, the plurality of transmitters

may share the same fredguency. And, 1n this case, the

'

plurality  of transmitters receives the same signal.

Accordingly, in the receiving system, a channel equalizer may

compensate signal distortion, which 1s caused by a reflected

15 wave, so as to recover the original signal. In another

example, the plurality of transmitters may have different

frequencies with respect to the same channel.

A variety of methods may be used for data communication

each of the transmitters, which are located 1n remote

20 positions, and the service multiplexer. For example, an

_

interface standard such as a synchronous serial interface for

transport of MPEG-2 data (SMPTE-310M). In Tthe SMPTE-310M

-

rerface standard, a constant data rate 1is decidéd as an

in

output data rate of the service multiplexer. For example, in

25 case of the 8VSB mode, the output data rate is 19.39 Mbps,
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and, in case of the 16VSB mode, the output data rate is 38.78

Mbps. Furthermore, in the conventional 8VSB mode transmitting

N

system, a transport stream (TS) packet having a data rate o1

approximately 19.39 Mbps may be transmitted through a single

5 physical channel. Also, in the transmitting system according

to the present invention provided with backward compatibility

with the conventional  transmitting system, additional

encoding is performed on the mobile service data. Thereafter,

the additionally encoded mobile service data are multiplexed

10 with the main service data to a TS packet form, which 1s then

P

transmitted. At this point, the data rate of the multiplexed

TS packet 1is approximately 19.39 Mbps.

At this point, the service multiplexer 100 receives at

=

least one type of mobile service data and program speci!

r——
—

1.C

15 information/program and system information protocol

(PSTI/PSIP) table data for each mobile service so0 .as to

encapsulate the received data to each TS packet. Also, the

service multiplexer 100 receives at least one type of main

for each mailin service

service data and PSI/PSIP table data

20 and encapsulates the received data to a transport stream (TS)

packet. Subsequently, the TS packets are multiplexed

according to a predetermined multiplexing rule and outputs

the multiplexed packets to the transmitter 200.

25 Service Multiplexer
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FIG. 14 illustrates a block diagram showing an example

of the service multiplexer. The service multiplexer includes

110 for controlling the overall operations of

multiplexer, a PSI/PSIP generator 120 for the

a PSI/PSIP generator 130 for the mobile service,

a null packet generator 140, a mobile service multiplexer 150,

and a transport multiplexer 160.

The transport multiplexer 160 may include a main

service multiplexer 161 and a transport stream (TS) packet

multiplexer 162.

Referri

ng to FIG. 14, at least one type of compression

encoded main service data and the PSI/PSIP table data

generated from the PSI/PSIP generator 120 for the main

service are I1nputted to the main service multiplexer 161 of

i}

the transport multiplexer 160. The main service multiplexer

161 encapsulates each of the inputted main service data

pr—

nd

0)

PSI/PSIP table data to MPEG-2 TS packet forms. Then, the

MPEG-2 TS packets are multiplexed and dutputted- to the TS

packet multiplexer 162. Herein, the data packet being

outputted from the main service multiplexer 161 will be

referred to as a main service data packet for simplicity.

Thereafter, at least one type of the compression

encoded mobile service data and the PSI/PSIP table data

generated frx

om the PSI/PSIP generator 130 for the mobile

service are inputted to the mobile service multiplexer 150.
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The mobile service multiplexer 150 encapsulates each of

the inputted mobile service data and PSI/PSIP table data to

MPEG-2 TS packet forms. Then, tThe MPEG-2 TS packets are

multiplexed and outputted to the TS packet multiplexer 162.

5 Herein, the data packet being outputted from the mobile

service multiplexer 150 will be referred to as a mobile

service data packet for simplicity.

At this point, the transmitter 200 requires

identification information in order to identify and process

10 the main service data packet and the mobile service data

packet. Herein, the identification information may use

values pre-decided 1in accordance with an agreement between

the transmitting system and the receiving system, or may be

P
g, -~y

configured of a separate set o data, or may modify

15 predetermined location value with in the corresponding data

packet.

g

As an example of the present invention, a different

|

')

packet identifier (PID) may be assigned to identify each o:

the main service data packet and the mobile service data

20 packet. ‘

In another example, by modifying a synchronization data

_

byte within a header of the mobile service data, the service

data packet may be identified by using the synchronization

data byte wvalue of the corresponding service data packet.

25 For example, the synchronization byte of the main service
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data packet directly outputs the wvalue decided by the

ISO/IEC13818-1 standard (i.e., 0x47) without any modification.

g—

The synchronization byte of the mobilile service data packet

modifies and outputs the value, thereby identifying the main

service data packet and the mobile service data packet.

Conversely, the synchronization byte of the main service data

packet is modified and outputted, whereas the synchronization

byte of the mobile service data packet is directly outputted

without being modified, thereby enabling the main service

data packet and the mobile service data packet to be

identified.

i)

A plurality of methods may be applied in the method of

modifying the synchronization byte. For example, each bit o:

the synchronization byte may be inversed, or only a portion

of the synchronization byte may be inversed.

As described above, any type of identification

information may be used to identify the main service data

packet and the mobile service data packet. Therefore, the

scope of the present invention is not limited only to the

example set forth in the description of the present invention.

Meanwhile, a transport multiplexer used 1n the

conventional digital broadcasting system may be used as the

transport multiplexer 160 according to the present invention.

More specifically, in order to multiplex the mobile service

data and the main service data and to +transmit the
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multiplexed data, the data rate of the main service 1s
limited to a data rate of (19.39-K) DMbps. Then, K DMbps,

which corresponds to the remaining data rate, is asslgned as

v,

the data rate of the mobile service. Thus, the

Cransport

multiplexer which is already b'eing used may be used as it 1is

without any modification.

Herein, the transport multiplexer 160 multiplexes the

main service data packet Dbeing outputted Ifrom the main

service multiplexer 161 and the mobile service data packet

being outputted from the mobile service multiplexer 150.

Thereafter, the transport multiplexer 160 transmits the

multiplexed data packets to the transmitter 200.

However, in some cases, the output data rate of the

mobile service multiplexer 150 may not be equal to K Mbps.

In this case, the mobile service multiplexer 150 multiplexes

and outputs null data packets generated from the null packet

generator 140 so that the output data rate can reach K Mbps.

More specifically, in order to match the output data rate of

the mobile service multiplexer 150 to a constant data rate,

the null packet generator 140 generates null data packets,

which are then outputted to the mobile service multiplexer

150.

For example, when the service multiplexer 100 assigns K

Mbps of the 19.39 Mbps to the mobile service data, and when

the remaining (19.39-K) Mbps is, therefore, asslgned to the
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main service data, the data rate of the mobile service data

that are multiplexed by the service multiplexer 100 actually

becomes lower than K Mbps. This is because, in case of the

—

mobile service data, the pre-processor of the transmitting

system performs additional encoding, thereby increasing the

amount of data. Eventually, the data rate of the mobile

service data, which may be transmitted from the service

multiplexer 100, becomes smaller than K Mbps.

For example, since the pre-processor of the transmitter

performs an encoding process on the mobile service data at a

coding rate of at least 1/2, the amount of the data outputted

from the pre-processor is increased to more than twice .the

F

amount of the data initially inputted to the pre-processor.

Therefore, the sum of the data rate of the main service data

and the data rate of the mobile service data, both being

multiplexed by the service multiplexer 100, becomes eilther

equal to or smaller than 19.39 Mbps.

Therefore, in order to match the data rate of the data

pr— |

that are finally outputted from the sexrvice multiplexer 100

to a constant data rate (e.g., 19.39 Mbps), an amount of null

data packets corresponding to the amount of lacking data rate

is generated from the null packet generator 140 and outputted

to the mobile service multiplexer 150.

Accordingly, - the mobile service multiplexer 1350

encapsulates each of the mobile service data and the PSI/PSIP
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table data that are being inputted to a MPEG-2 TS packet form.

Then, the above-described TS packets are multiplexed with the

null data packets and, then, outputted to the TS packet

multiplexer 162.

Thereafter, the TS packet multiplexer 162 multiplexes

the main service data packet being outputted from the main

service multiplexer 161 and the mobile service data packet

being outputted from the mobile service multiplexer 150 and

transmits the multiplexed data packets to the transmitter 200

at a data rate of 19.39 Mbps.

According to an embodiment of the present invention,

the mobile service multiplexer 150 recelives the null data

packets. However, this 1s merely exemplary and does not

—

In other words,

)

limit the scope of the present invention.

according to another embodiment of the present invention, the

TS packet multiplexer 162 may receive the null data packets,

so as to match the data rate of the finally outputted data to

a constant data rate. Herein, the output path and

multiplexing rule of the null data packet is controlled by

the controller 110. The controller 110 controls the

" multiplexing processed performed by the mobile service

multiplexer 150, the main service multiplexer 161 of the

transport multiplexer 160, and the TS packet multiplexer 162,

—

and also controls the null data packet generation of the null

packet generator 140. At this point, the transmitter 200
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PCT/KR2008/003931

discards the null data packets transmitted from the service

ar—

multiplexer 100 instead of transmitting the null data packets.

Further, 1in order to allow the transmitter 20

0 to

discard the null data packets transmitted from the service

—

multiplexer 100 instead of transmitting them,

1dentific

ation

information for identifying the null data packet is reqguired.

Herein, the identification information may use values pre-

decided 1in accordance with an agreement

transmitting system and the receiving system.

the wvalue of the synchronization byte within the header of

between

the

For example,

F
p—

the null data packet may be modified so as to be used as the

identification information. Alternatively, a transport error

_lndicator flag may also be wused as the

information.

identii

Fication

In the description of the present invention, an example
of using the  transport error indicator  flag as  the
identification information will be given to describe an
embodiment of tTthe present invention. In this case, the

transport error indicator flag of the null data packet is set

to '1’, and the transport error indicator

remaining data packets are reset to ‘0’, so as to identify

flag of

g—
e

The

the null data packet. More specifically, when the null

transport error indicator flag from the header

packet generator 140 generates the null data packets, 1

f tThe

N

c1ield of the

null data packeﬁ is set to ‘'1l’ and then transmitted, the null
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data packet may be identified and, therefore, be discarded.

In the present invention, any type of identification

information for identifylng the null data packets may be used.

=

Therefore, the scope of the present invention is not limited

g

5 only to the examples set forth 1n the description of the

present invention.

'}

According to another embodiment of the present

invention, a transmission parameter may be included in at

least a portion of the null data packet, or at least one

10 table or an operations and maintenance (OM) packet (or OMP)

of the PSI/PSIP table for the mobile service. In this case,

the transmitter 200 extracts the transmission parameter and

outputs the extracted transmission parameter to the

corresponding block and also transmits the  extracted

15 parameter to the receiving system 1f required. More

r~ B
e

specifically, a packet referred to as an OMP 1s defined for

the purpose of operating and managing the transmitting system.

For example, the OMP is configured 1in accordance with the

MPEG-2 TS packet format, and the corresponding PID is given

20 the wvalue of Ox1FFA. The OMP 1is configured of a 4-byte

header and a 184-byte payload. Herein, among the 184 bytes,

the first bYte .corresponds to an OM type field, which

indicates the type of the OM packet.

In the present invention, the transmission parameter

b

29 may be transmitted in the form of an OMP. And, 1n this case,
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am !

among the wvalues of the reserved fields within the OM type

field, a pre-—-arranged value is used, thereby indicating that

the transmission parameter 1is being transmitted +to the

transmitter 200 in the form of an OMP. More specifically,

1)

the transmitter 200 may find (or identify) the OMP by

referring to the PID. Also, by parsing the OM type field

within the OMP, the transmitter 200 can verify whether a

transmission parameter is included after the OM type field of

|

the corresponding - packet. ‘The transmission parameter

corresponds to supplemental data reguired for processing

mobile service data from the transmitting system and the

receiving system.

The transmission parameter corresponds to supplemental

data required for processing mobile service data from the

transmitting system and the receiving system. Herein, the

transmission parameter may include data group information,

region information within the data group, block information,

RS frame information, super frame information, MPH frame

information, parade information, ensempble information,

information associated with serial concatenated convolution

I

code (SCCC), and RS code information. The significance O:

some information within the transmission parameters has

already been described in detail. Descriptions of other

information that have not vet been described will be 1in

ol

()

tail in a later process.
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The transmission parameter may also include information

on how signals of a symbol domain are encoded in order tTO

transmit the mobile service data, and mnultiplexing

information on how the main service data and the mobile

service data or various types of mobile service data are

multiplexed.

The information included in the transmission parameter

are merely exemplary tTO

facilitate the understanding of the

present 1invention. And, the adding and deleting of the

information included in the transmission parameter may Dbe

easily modified and changed by anyone skilled in the art.

Therefore, the present invention 1is not limited to the

examples proposed in the description set forth herein.

Furthermore, the transmission  parameters may  Dbe

provided from the service multiplexer 100 to the transmitter

200. Alternatively, the transmission parameters may also be

set up by an internal controller (not shown) within thvﬁe

transmitter 200 or received from an external source.

Transmitter

FIG. 15 illustrates a block diagram showing an example

§

of the transmitter 200 according to an embodiment of the

present invention. Herein, the transmitter 200 includes a

controller 200, a demultiplexer 210, a packet Jitter

mitigator 220, a pre-processor 230, a packet multiplexer 240,
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a post-processor 250, a synchronization (sync) multiplexer

260, and a transmission unit 270. Herein, when a data packet

1s received from  the service multiplexer 100, the

demultiplexer 210 should identify whether the received data

packet corresponds to a main service data packet, a mobile

service data packet, or a null data packet. For example, the

demultiplexer 210 wuses the PID within the received data

packet so as to identify the main service data packet and the

mobile service data packet. Then, the demultiplexer 210 uses

Qs

transport error indicator field to 1dentify the null data

packet. The main service data packet 1dentified by the

demultiplexer 210 i1s outputted to the packet jitter mitigator

220, the mobile service data packet is outputted to the pre-

]

processor 230, and the null data packet i1s discarded.

!
)

transmission parameter is included in the null data packet,

then the +transmission parameter i1is first extracted and

outputted to the corresponding block. Thereafter, the null

data packet is discarded.

The pre-processor 230 performs an additional encoding

process of the mobile service data included in the service

data packet, which 1s demultiplexed and outputted from the

demultiplexer 210. The pre-processor 230 also performs &

process of configuring a data group so that the data group

may be positioned at a specific place in accordance with the

purpose of the data, which are to be transmitted on

Q)
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