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Description
DIGITAL BROADCAST TRANSMISSION AND RECEPTION

APPARATUSES AND METHODS THEREOF

Technical Field
[1] Aspects of the invention relate to digital broadcast transmission and reception ap

paratuses and methods thereof, and more particularly, to digital broadcast transmission

and reception apparatuses to enhance transmission efficiency using residual bytes, and

methods thereof.

Background Art
[2] As electronics and communication technologies have progressed, various standards

have been developed for use in digital broadcasting, such as the Advanced Television

Systems Committee Vestigial Sideband (ATSC VSB) standard in the United States,

and the Digital Video Broadcasting-Terrestrial (DVB-T) standard in Europe.

[3] The ATSC VSB standard is used in the National Television System Committee

(NTSC) frequency band, and has advantages such as the ease of implementation of a

transmitter and a receiver, and in the economic aspect. The ATSC VSB standard uses a

single-carrier amplitude modulation Vestigial Sideband (VSB) method, and can

transmit high-quality video, audio, and ancilliary data in a single 6-MHz frequency

band. Ancilliary data includes control data, conditional access control data, and data

associates with program video and audio services, such as closed captioning, and can

also refer to independent program services.

[4] FIG. 1 shows the structure of a data frame of the ATSC VSB transmission method

according to the related art, and FIG. 2 shows a field of the data frame of FIG. 1

containing residual bytes. As shown in FIG. 1, a single data frame used in the ATSC

VSB transmission method consists of two fields. Each field includes a single field sync

signal segment, and 312 data segments. A single segment in such a data frame cor

responds to a single MPEG-2 packet, and the segment includes a segment sync signal

of 4 symbols ( 1 byte) and 828 data symbols (207 bytes).

[5] The field sync signal and the segment sync signal are used for synchronization and

equalization in a broadcast receiver. The field sync signal and the segment sync signal

are predetermined data that are known to both a digital broadcast transmitter and a

digital broadcast receiver, and are used as reference signals for performing equalization

in the receiver.

[6] When each of the 312 data segments of a field of the data frame shown in FIG. 1 is

generated, a Reed-Solomon (RS) encoder in the digital broadcast transmitter performs

forward error correction (FEC) encoding of 187 data bytes to obtain 20 parity bytes



that are appended to the 187 data bytes to obtain the 207 bytes (828 symbols) of the

data segment.

[7] Referring to FIG. 2, in the ATSC VSB system according to the related art, the digital

broadcast transmitter and the digital broadcast receiver operate on the presumption that

a start point of a first data 20 appearing after a field sync signal 10 is a start point of

new data 20. However, depending on the size of the data 20, there may be residual

bytes 30 at the end of a field that are too small to contain new data. Accordingly, the

residual bytes 30 shown in FIG. 2 cannot be used to transmit new data because they

would contain only an initial portion of the new data, such that the first data 20 after

the field sync signal 10 of the next field would contain a final portion of the new data

packet. Thus, a start point of the first data 20 after the field sync signal 10 of the next

field would not be the start point of new data as would be expected by the digital

broadcast receiver. Accordingly, in the ATSC VSB system according to the related art,

the residual bytes 30 are transmitted in an empty state by the digital broadcast

transmitter, thereby reducing a transmission efficiency.

[8] Since the residual bytes 30 are transmitted in an empty state by the digital broadcast

transmitter of the ATSC VSB system according to the related art, a predetermined

number of the data 20 in a field are decoded in the digital broadcast receiver of the

ATSC VSB systeaccording to the related art, and the residual bytes 30 are discarded,

thereby reducing the transmission efficiency.

Disclosure of Invention

Technical Solution
[9] Aspects of the invention relate to digital broadcast transmission and reception ap

paratuses that enhance a transmission efficiency by inserting data in residual bytes of a

field that otherwise would not used and would be discarded, and methods thereof.

[10] According to an aspect of the invention, a digital broadcast transmission apparatus

includes a Reed-Solomon (RS) encoder to perform RS encoding of data to obtain RS-

encoded data formatted in data packets each including a predetermined number of

bytes; a sync byte inserter indicating a start point of one of the data packets in a prede

termined location of the RS-encoded data; an interleaver to interleave the RS-encoded

data after the sync bytes have been inserted in the RS-encoded data to obtain in

terleaved data; and a data stuffer to sequentially insert complete packets of the in

terleaved data in a field, and insert an initial portion of a final packet of the interleaved

data beginning in the field in residual bytes of the field that are less than the prede

termined number of bytes.

[11] According to an aspect of the invention, the digital broadcast transmission apparatus

further includes an interleaving controller to control the interleaver not to interleave the



sync bytes inserted by the sync byte inserter.

[12] According to an aspect of the invention, the data stuffer inserts a final portion of the

final packet of the interleaved data beginning in the field in a next field; and the prede

termined location is a start point of a first complete packet of the interleaved data to be

inserted in the next field.

[13] According to an aspect of the invention, the sync bytes include a predetermined

number of sync bytes.

[14] According to an aspect of the invention, a digital broadcast transmission method

includes performing Reed-Solomon (RS) encoding of data to obtain RS-encoded data

formatted in data packets each including a predetermined number of bytes; inserting

sync bytes indicating a start point of one of the data packets in a predetermined

location of the RS-encoded data; interleaving the RS-encoded data after the sync bytes

have been inserted in the RS-encoded data to obtain interleaved data; and sequentially

inserting complete packets of the interleaved data each including the predetermined

number of bytes in a field; and inserting an initial portion of a final packet of the in

terleaved data beginning in the field in residual bytes of the field that are less than the

predetermined number of bytes.

[15] According to an aspect of the invention, the interleaving includes not interleaving the

inserted sync bytes.

[16] According to an aspect of the invention, the digital transmission further includes

inserting a final portion of the final packet of the interleaved data beginning in the field

in a next field; and the predetermined location is a Ia start point of a first complete

packet of the interleaved data to be inserted in the next field.

[17] According to an aspect of the invention, a digital broadcast reception apparatus

includes a sync byte detector to detect sync bytes from a received transport stream

including packets of interleaved data, the sync bytes indicating a start point of a first

complete packet of the interleaved data in a field; a deinterleaver to deinterleave the in

terleaved data of the transport stream to obtain deinterleaved data; and a Reed-

Solomon (RS) decoder to perform RS decoding of the deinterleaved data based on the

start point indicated by the detected sync bytes to obtain RS-decoded data.

[18] According to an aspect of the invention, the deinterleaver does not deinterleave the

detected sync bytes.

[19] According to an aspect of the invention, a digital broadcast reception method

includes detecting sync bytes from a received transport stream including packets of in

terleaved data, the sync bytes indicating a start point of a first complete packet of the

interleaved data in a field; deinterleaving the interleaved data of the transport stream to

obtain deinterleaved data; and performing Reed- Solomon (RS) decoding of the dein

terleaved data based on the start point indicated by the detected sync bytes to obtain



RS-decoded data.

[20] According to an aspect of the invention, the deinterleaving includes not dein-

terleaving the detected sync bytes.

[21] According to an aspect of the invention, a digital broadcast transmission apparatus

includes a Reed-Solomon (RS) encoder to perform RS encoding of data to obtain RS-

encoded [0001] data to obtain interleaved data; and sequentially inserting complete

packets of the interleaved data each including the predetermined number of bytes in a

field; and inserting an initial portion of a final packet of the interleaved data beginning

in the field in residual bytes of the field that are less than the predetermined number of

bytes.

[22] According to an aspect of the invention, the interleaving includes not interleaving the

inserted sync bytes.

[23] According to an aspect of the invention, the digital transmission further includes

inserting a final portion of the final packet of the interleaved data beginning in the field

in a next field; and the predetermined location is a Ia start point of a first complete

packet of the interleaved data to be inserted in the next field.

[24] According to an aspect of the invention, a digital broadcast reception apparatus

includes a sync byte detector to detect sync bytes from a received transport stream

including packets of interleaved data, the sync bytes indicating a start point of a first

complete packet of the interleaved data in a field; a deinterleaver to deinterleave the in

terleaved data of the transport stream to obtain deinterleaved data; and a Reed-

Solomon (RS) decoder to perform RS decoding of the deinterleaved data based on the

start point indicated by the detected sync bytes to obtain RS-decoded data.

[25] According to an aspect of the invention, the deinterleaver does not deinterleave the

detected sync bytes.

[26] According to an aspect of the invention, a digital broadcast reception method

includes detecting sync bytes from a received transport stream including packets of in

terleaved data, the sync bytes indicating a start point of a first complete packet of the

interleaved data in a field; deinterleaving the interleaved data of the transport stream to

obtain deinterleaved data; and performing Reed- Solomon (RS) decoding of the dein

terleaved data based on the start point indicated by the detected sync bytes to obtain

RS-decoded data.

[27] According to an aspect of the invention, the deinterleaving includes not dein

terleaving the detected sync bytes.

[28] According to an aspect of the invention, a digital broadcast transmission apparatus

includes a Reed-Solomon (RS) encoder to perform RS encoding of data to obtain RS-

encoded data formatted in data packets each including a predetermined number of

bytes; a sync byte inserter to insert sync bytes in the RS-encoded data indicating a start



point of a first complete packet of interleaved data to be inserted in each of a plurality

of fields; an interleaver to interleave the RS-encoded data after the sync bytes have

been inserted in the RS-encoded data to obtain interleaved data; and a data staffer to

insert the sync bytes and a plurality of complete packets of the interleaved data each

including the predetermined number of bytes in each of the fields, and insert only an

initial portion of a final packet of the interleaved data including the predetermined

number of bytes beginning in each of the fields in residual bytes less than the prede

termined number of bytes remaining in each of the fields after the sync bytes and the

plurality of complete packets of the interleaved data have been inserted in each of the

fields.

[29] According to an aspect of the invention, a digital broadcast transmission apparatus

includes a Reed-Solomon (RS) encoder to perform RS encoding of data to obtain RS-

encoded data formatted in data packets each including a predetermined number of

bytes; a sync byte inserter to insert sync bytes in the RS-encoded data indicating a start

point of a first complete packet of interleaved data including the predetermined number

of bytes to be inserted in each of a plurality of fields each beginning with a field sync

signal; an interleaver to interleave the RS-encoded data after the sync bytes have been

inserted in the RS-encoded data; and a data staffer to insert only a final portion of a

final data packet of the interleaved data beginning in a preceding field in a current field

following the field sync signal of the current field, the final data packet including the

predetermined number of bytes and the final portion including a number of bytes less

than the predetermined number of bytes, insert the sync bytes indicating the start point

of the first complete packet of the interleaved data to be inserted in the current field in

the current field following the final portion inserted in the current field, and insert the

first complete packet of the interleaved data to be inserted in the current field in the

current field following the sync bytes inserted in the current field.

[30] Additional aspects and/or advantages of the invention will be set forth in part in the

description that follows and, in part, will be obvious from the description, or may be

learned by practice of the invention.

Brief Description of the Drawings
[31] The above and/or other aspects and advantages of the invention will become apparent

and more readily appreciated from the following description of embodiments of the

invention, taken in conjunction with the accompanying drawings of which:

[32] FIG. 1 shows the structure of a data frame of an ATSC VSB transmission method

according to the related art;

[33] FIG. 2 shows a field of the data frame of FIG. 1 including residual bytes;

[34] FIG. 3 is a block diagram of a digital broadcast transmission apparatus according to



an aspect of the invention;
[35] FIG. 4 is a block diagram of a digital broadcast reception apparatus according to an

aspect of the invention;

[36] FIG. 5 shows the structure of a transport stream received by the digital broadcast

reception apparatus of FIG. 4 according to an aspect of the invention;

[37] FIG. 6 is a flow chart of a digital broadcast transmission method according to an

aspect of the invention; and

[38] FIG. 7 is a flow chart of a digital broadcast reception method according to an aspect

of the invention.

Best Mode for Carrying Out the Invention
[39] Reference will now be made in detail to embodiments of the invention, examples of

which are shown in the accompanying drawings, wherein like reference numerals refer

to like elements throughout. The embodiments of the invention are below in order to

explain the invention by referring to the figures.

[40] An improvement to the ATSC VSB system, known as the Advanced VSB system or

AVSB system, is disclosed, for example, in U.S. Patent Application No. 11/692,509

filed on March 28, 2007, which was published as U.S. Patent Application Publication

No. 2007/0230460 on October 4, 2007. The contents of U.S. Patent Application No.

11/692,509 are incorporated herein by reference in their entirety.

[41] One aspect of the AVSB system is a turbo mode, in which a stream of turbo data is

subjected to RS encoding to obtain RS-encoded turbo data packets each including 207

bytes, including 187 data bytes and 20 parity bytes. These RS-encoded turbo data

packets are divided into turbo data fragments, which are inserted in adaptation fields of

MPEG-2 transport packets. In one example of the turbo mode, an adaptation field

having a capacity of 128 bytes is provided in every fourth data segment, so that 78

such adaptation fields are provided in the 312 data segments of one field. These 78

adaptation fields have a total capacity of 78*128 = 9984 bytes, which can hold 48

complete turbo data packets of 207 bytes, leaving a residual of 48 bytes in each field

(48*207 = 9936 + 48 = 9984). However, it is understood that adaptation fields having

other capacities can be used, such as capacities of 32 bytes, 64 bytes, 86 bytes, 96

bytes, and 384 bytes. Accordingly, the number of residual bytes in a field may be

different according to the capacity of the adaptation fields that is used.

[42] However, in order to provide more robust data reception under less than ideal

conditions, such as in mobile applications in which a receiver may be moving, the RS-

encoded turbo data packets may be expanded by inserting placeholder bits among the

data bits of the bytes of the RS-encoded turbo data packets to reduce the transmission

rate before the turbo data packets are divided into the turbo data fragments. The



placeholder bits are then filled with other encoded data to increase the robustness of

the transmitted turbo data stream before the turbo data packets are divided into the

turbo data fragments. For example, three placeholder bits may be inserted after every

data bit to obtain a 1/4 transmission rate, and one placeholder bit may be inserted after

every data bit to obtain a 1/2 transmission rate. This reduces the total number of

complete turbo data packets that can be encapsulated in one field of 312 data segments.

However, it is understood that other transmission rates can be used, such as

transmission rates of 1/6, 1/3, 2/3, 1/8, and 3/8.

[43] For example, in the example discussed above in which 78 data segments in one field

each include an adaptation field with a capacity of 128 bytes into which the turbo data

fragments are inserted, the 1/4 transmission rate reduces the number of complete turbo

data packets that can be encapsulated in one field from 48 to 12, and the 1/2

transmission rate reduces the number of complete turbo data packets that can be en

capsulated in one field from 48 to 24. However, in either case, there is still a residual

of 48 bytes in each field.

[44] The problem of the residual bytes in the AVSB system may be described using FIG.

2 as a simplified view of a structure of a field of a data frame in the AVSB system

according to the related art. In this simplified view, the field sync signals 10 in FIG. 2

correspond to the field sync signal at the beginning of each field, each of the data 20 in

FIG. 2 corresponds to one adaptation field containing turbo data fragments, and

reference numeral 30 in FIG. 2 indicates the residual bytes in the field discussed above.

In the example described above using adaptation fields having a capacity of 128 bytes,

each of the data 20 corresponds to one adaptation field containing 128 bytes of turbo

data fragments, and the residual bytes are 48 bytes. The rest of the elements of the field

are not shown to simplify the description of the invention.

[45] FIG. 3 is a block diagram of a digital broadcast transmission apparatus 100 according

to an aspect of the invention. Referring to FIG. 3, the digital broadcast transmission

apparatus 100 includes a Reed-Solomon (RS) encoder 110, a sync byte inserter 120, an

interleaver 130, an interleaving controller 140, and a data stuffer 150. Such a digital

broadcast transmission apparatus may be a digital broadcast transmission apparatus in

a commercial television broadcasting station for transmitting video and/or audio data

to a stationary receiver, a mobile receiver, a handheld receiver, any other device

capable of receiving audio and/or video data, or any combination thereof.

[46] The RS encoder 110 performs RS encoding of data to obtain RS-encoded data

formatted in data packets each including a predetermined number of bytes. The RS

encoding performed by the RS encoder 110 is a well-known type of forward error

correction (FEC) coding that enables a receiver to detect and correct errors in received

data. However, it is understood that other types of forward error correction can be



used. Furthermore, while not required in all aspects of the invention, the data that is

encoded by the RS encoder 110 may be video and/or audio data to be displayed and/or

played on a display and/or player connected to a digital broadcast reception apparatus

200 that will be described below with respect to FIG. 4.

[47] The sync byte inserter 120 inserts sync bytes indicating a start point of one of the

data packets in a predetermined location of the RS-encoded data obtained by the RS

encoder 110. The sync bytes may include a predetermined number of bytes. The size

and the format of the sync bytes are predetermined, and are therefore known to both

the digital broadcast transmission apparatus 100 and the digital broadcast reception

apparatus 200 that will be described below with respect to FIG. 4. For example, the

sync bytes may include 2 bytes. However, it is understood that the sync bytes may

include more or less than 2 bytes.

[48] As will be described in detail below, the data packets of the RS-encoded data are in

terleaved and inserted in fields. When residual bytes less than the predetermined

number of bytes in each of the data packets of the RS-encoded data remain in a current

field after a maximum possible number of complete packets of the interleaved data

have been inserted into the current field, an initial portion of a final packet of the in

terleaved data beginning in the current field is inserted in the residual bytes of the

current field, and a final portion of the final packet of the interleaved data beginning in

the current field is inserted in the next field, and the sync byte inserter 120 inserts the

sync bytes at a start point of a first complete packet of the interleaved data to be

inserted in the next field. The sync bytes indicate to the digital broadcast reception

apparatus 200 the start point of the first complete packet of interleaved data in each

field so that the digital broadcast reception apparatus 200 can correctly decode the in

terleaved data in each field.

[49] The interleaver 130 interleaves the RS-encoded data after the sync bytes have been

inserted. The interleaving rearranges the RS-encoded data into units of a predetermined

size so that bits damaged due to noise can be restored from the RS-encoded data. The

placement of the interleaver 130 in the location shown in FIG. 3 is an enhancement of

the AVSB system disclosed in U.S. Patent Application No. 11/692,509 referred to

above. However, the actual operation of the interleaver 130 is similar to the operation

of the interleavers of the AVSB system disclosed in U.S. Patent Application No.

11/692,509, and therefore will not be described here.

[50] The interleaving controller 140 controls the interleaver 130 not to interleave the sync

bytes inserted by the sync byte inserter 120 when the interleaver 130 is interleaving the

RS-encoded data because the sync bytes indicate the start point of the first complete

packet of interleaved data in the next field to the digital broadcast reception apparatus

200 so that the digital broadcast reception apparatus 200 can correctly decode the in-



terleaved data in the next field. Accordingly, if the sync bytes are interleaved, the start

point of the first complete packet of interleaved data in the next field cannot be de

termined by the digital broadcast reception apparatus 200.

[51] The data stuffer 150 sequentially inserts complete packets of the interleaved data

obtained from the interleaver 130 in a current field. Each of the complete data packets

of the interleaved data includes the same predetermined number of bytes that are

included in each of the data packets of the RS-encoded data obtained by the RS

encoder 110. The data stuffer 150 also inserts an initial portion of a final packet of the

interleaved data beginning in the current field in residual bytes of the current field that

are less than the predetermined number of bytes in each of the complete packets of the

interleaved data.

[52] The residual bytes of the current field are the bytes remaining after deducting a

maximum possible integer multiple of the predetermined number of bytes included in

each of the data packets of the RS-encoded data obtained by the RS encoder 110 from

a total capacity for the interleaved data in the current field. For example, the prede

termined number of bytes included in each of the data packets of the RS-encoded data

obtained by the RS encoder 110 may be 207 bytes, including 187 data bytes and 20

parity bytes obtained by the RS encoding operation performed by the RS encoder 110.

However, it is understood that the data packets of the RS-encoded data may have other

numbers of data bytes and/or parity bytes, such as 188 data bytes and 20 parity bytes.

Accordingly, the number of residual bytes in a field may be different according to the

number of bytes in each of the data packets of the RS-encoded data.

[53] The digital broadcast transmission apparatus 100 of FIG. 3 can be used to insert any

turbo data stream of the AVSB system into fields of a MPEG-2 transport stream to be

transmitted. However, such turbo data stream need not be used in all aspects of the

invention, and the transport stream is not limited only to an MPEG-2 transport stream

or improvements thereon.

[54] Since the data stuffer 150 inserts interleaved data even in the residual bytes of a field,

an initial portion of a final packet of the interleaved data beginning in the current field

may be inserted in the residual bytes of the current field, and a final portion of the final

packet of the interleaved data that cannot be inserted in the current field may be

inserted in the next field. In that case, the sync bytes are inserted at a start point of the

first complete packet of the interleaved data in the next field using the sync byte

inserter 120. In fact, the sync bytes are inserted at a start point of the first complete

packet of the interleaved data in each field, regardless of whether the first complete

packet is the first packet in the field, or a second or subsequent packet in the field. As a

result, the digital broadcast reception apparatus 200 can determine the start point of the

first complete packet of the interleaved data in every field so that the digital broadcast



reception apparatus 200 can correctly decode the interleaved data in every field.

[55] The description of the digital broadcast transmission apparatus 100 shown in FIG. 3

has been simplified to focus only on the elements required to insert interleaved data in

the residual bytes of a field, and to insert sync bytes so that the digital broadcast

reception apparatus 200 can recognize the first complete packet of the interleaved data

in every field. Accordingly, the digital broadcast transmission apparatus 100 must

include additional elements, such as an AVSB exciter (not shown) and other elements

required to implement the AVSB system (not shown), in addition to the RS encoder

110, the sync byte inserter 120, the interleaver 130, the interleaving controller 140, and

the data stuffer 150. However, these additional elements, including the AVSB exciter

and the other elements required to implement the AVSB system, are known in the art,

and therefore will not be described here.

[56] The packets of interleaved data inserted in fields by the data stuffer 150 are

processed by the AVSB exciter, and are transmitted to the digital broadcast reception

apparatus 200 in a MPEG-2 transport stream format.

[57] FIG. 4 is a block diagram of a digital broadcast reception apparatus 200 according to

an aspect of the invention. Referring to FIG. 4, the digital broadcast reception

apparatus 200 includes a sync byte detector 210, a deinterleaver 220, and a Reed-

Solomon (RS) decoder 230.

[58] The sync byte detector 210 detects the sync bytes indicating a start point of the first

complete packet of interleaved data in each field from the transport stream received

from the digital broadcast transmission apparatus 100 that were inserted by the sync

byte inserter 120 of the digital broadcast transmission apparatus 100, and which may

include a predetermined number of bytes.

[59] Since the size and the format of the sync bytes is predetermined, the sync byte

detector 210 already knows the size and the format of the sync bytes, and therefore can

detect the sync bytes.

[60] The deinterleaver 220 deinterleaves the received transport stream. The deinterleaving

is the reverse of the interleaving performed by the interleaver 130 of the digital

broadcast transmission apparatus 100, and restores the interleaved data to the original

RS-encoded data.

[61] The deinterleaver 220 receives information regarding the location of the sync bytes

in the received transport stream from the sync byte detector 210, and does not dein-

terleave the sync bytes. Since the interleaver 130 of the digital broadcast transmission

apparatus 100 did not interleave the sync bytes, the deinterleaver 220 does not dein-

terleave the sync bytes.

[62] The RS decoder 230 receives information regarding the location of the sync bytes in

the received transport stream from the sync byte detector 210, and performs RS



decoding of the original RS-encoded data obtained by deinterleaving the received

transport stream based on the location of the sync bytes. The RS decoding is the

reverse of the RS encoding performed by the RS encoder 110 of the digital broadcast

transmission apparatus 100.

[63] FIG. 4 shows only the elements of the digital broadcast reception apparatus 200 cor

responding to the elements of the digital broadcast transmission apparatus 100 shown

in FIG. 3 to simplify the description of the invention. However, the digital broadcast

reception apparatus 200 must include additional elements, such as a demodulator (not

shown), an equalizer (not shown), and other elements required to implement the AVSB

system (not shown), in addition to the sync byte detector 210, the deinterleaver 220,

and the RS decoder 230. However, these additional elements, including the de

modulator, the equalizer, and the other elements required to implement the AVSB

system, are known in the art, and therefore will not be described here.

[64] FIG. 5 shows the structure of a transport stream 300 received by the digital broadcast

reception apparatus 200. As discussed above, the digital broadcast transmission

apparatus 100 transmits data in a MPEG-2 transport stream format. The digital

broadcast reception apparatus 200 then receives the transport stream 300 from the

digital broadcast transmission apparatus 100. An example of the transport stream 300

received by the digital broadcast reception apparatus 200 is shown in FIG. 5. It is u n

derstood that the transmission can be through wired and/or wireless systems. Also,

while the transport stream 300 is described as being transmitted, it is understood that

the transport stream 300 can also be recorded on a recording medium.

[65] Referring to FIG. 5, the transport stream 300 includes field sync signals 310, sync

bytes 320, and interleaved data 330. The first field sync signal 310 indicates a first

field. The first sync bytes 320 following the first sync signal 310 indicate a start point

of a first complete packet of interleaved data in the first field. Residual bytes 340 of the

first field consisting of T bytes are shown at the end of the first field, and an initial

portion (consisting of T bytes of interleaved data) of a final packet of interleaved data

beginning in the first field has been inserted in the residual bytes 340.

[66] The second field sync signal 310 indicates a second field. A final portion (consisting

of P bytes of interleaved data) of the final packet of interleaved data beginning in the

first field that was left after the insertion of the initial portion (consisting of P bytes of

interleaved data) in the residual bytes 340 in the first field has been inserted in the

second field after the second field sync signal 310. Thus, T + P equals the total number

of bytes of interleaved data in one complete packet of interleaved data. The second

sync bytes 320 following the P bytes indicate a start point of a first complete packet of

interleaved data in the second field.

[67] The structure of the received transport stream 300 shown in FIG. 5 is a conceptual ar-



rangement in which each of the data 330 corresponds to an adaptation field containing

one or more turbo data fragments. The actual received transport stream includes other

elements that are not shown to simplify the description of the invention.

[68] When the digital broadcast reception apparatus 200 receives the transport stream, the

sync byte detector 210 detects the sync bytes 320 from the transport stream. Con

sequently, the RS decoder 230 can determine a start point of the first complete packet

of interleaved data in each field.

[69] Assuming that the predetermined size of the sync bytes 320 that is known to both the

digital broadcast transmission apparatus 100 and the digital broadcast reception

apparatus 200 is 2 bytes, and a turbo mode 128 bytes is used, then the number of the

residual bytes in each field is 48 bytes in the AVSB system according to the related art.

Accordingly, inserting interleaved data 330 in the residual bytes 340 of each field and

inserting sync bytes 320 in each field to indicate a start point of the first complete

packet of interleaved data 330 in the field according to an aspect of the invention

provides a net gain of 46 bytes in the data rates because the 2 sync bytes reduce the 48

residual bytes to 46 residual bytes that are available for the insertion of interleaved

data.

[70] FIG. 6 is a flow chart of a digital broadcast transmission method according to an

aspect of the invention. The digital broadcast transmission method of the digital

broadcast transmission apparatus 100 will be described with reference to FIGS. 3-6. In

operation S400, the RS encoder 110 performs RS encoding of data to obtain RS-

encoded data formatted in data packets each including a predetermined number of

bytes. In operation S410, the sync byte inserter 120 inserts sync bytes 320 indicating a

start point of one of the data packets in a predetermined location of the RS-encoded

data. In operation S420, the interleaver 130 interleaves the RS-encoded data after the

sync bytes 320 have been inserted. The interleaving controller 140 controls the in

terleaver 130 not to interleave the sync bytes 320. In operation S430, the data stuffer

150 sequentially inserts complete packets of the interleaved data 330 each including

the predetermined number of bytes in a field, and inserts an initial portion (consisting

of T bytes of interleaved data) of a final packet of the interleaved data beginning in the

field in residual bytes 340 that are less than the predetermined number of bytes. The in

terleaved data inserted in the field by the data stuffer 150 are processed by the AVSB

exciter, and transmitted to the digital broadcast reception apparatus 200.

[71] FIG. 7 is a flow chart of a digital broadcast reception method according to an aspect

of the invention. The digital broadcast reception method of the digital broadcast

reception apparatus 200 will be described with reference to FIGS. 3-7. In operation

S500, the sync byte detector 210 detects sync bytes 320 from a received transport

stream including packets of interleaved data 330. The sync bytes 320 have a prede-



termined size and format that are known to both the digital broadcast transmission

apparatus 100 and the digital broadcast reception apparatus 200, and indicate a start

point of a first complete packet of interleaved data 330 in each field of the received

transport stream. In operation S510, the deinterleaver 220 receives information

regarding the location of the sync bytes 320 in the received transport stream from the

sync byte detector 210, and deinterleaves the transport stream except for the sync bytes

320 to obtain RS-encoded data. In operation S520, the RS decoder 230 receives in

formation regarding the location of the sync bytes 320 in the received transport stream

from the sync byte detector 210, and performs RS decoding of the RS-encoded data

based on the location of the sync bytes 320.

[72] As described above, digital broadcast transmission and reception apparatuses and

methods thereof according to aspects of the invention enhance transmission efficiency

by inserting data in residual bytes of a field that are not used to transmit data in an

AVSB system according to the related art, and are therefore discarded during

reception. It is understood that apparatuses and methods according to aspects of the

invention may be implemented with software on a computer-readable medium.

[73] While examples of aspects of the invention have been described relative to the AVSB

system and specific data frames and field sizes, it is understood that aspects of the

invention can be applied to other systems, and/or other standards, and/or other data

frames, and/or other field sizes.

[74] Although several embodiments of the invention have been shown and described, it

would be appreciated by those skilled in the art that changes may be made in these em

bodiments without departing from the principles and spirit of the invention, the scope

of which is defined in the claims and their equivalents.



Claims
[1] A digital broadcast transmission apparatus comprising:

a Reed-Solomon (RS) encoder to perform RS encoding of data to obtain RS-

encoded data formatted in data packets each comprising a predetermined number

of bytes;

a sync byte inserter to insert sync bytes indicating a start point of one of the data

packets in a predetermined location of the RS-encoded data;

an interleaver to interleave the RS-encoded data after the sync bytes have been

inserted in the RS-encoded data to obtain interleaved data; and

a data stuffer to

sequentially insert packets of the interleaved data each comprising the prede

termined number of bytes in a field, and

insert some portion of the interleaved data in residual bytes of the field that are

less than the predetermined number of bytes.

[2] The digital broadcast transmission apparatus of claim 1, further comprising an

interleaving controller to control the interleaver not to interleave the sync bytes

inserted by the sync byte inserter.

[3] The digital broadcast transmission apparatus of claim 1, wherein

the data stuffer inserts a final portion of the final packet of the interleaved data

beginning in the field in a next field; and

the predetermined location is a start point of a first complete packet of the in

terleaved data to be inserted in the next field.

[4] The digital broadcast transmission apparatus of claim 1, wherein the sync bytes

comprise a predetermined number of sync bytes.

[5] A digital broadcast transmission method, comprising:

performing Reed-Solomon (RS) encoding of data to obtain RS-encoded data

formatted in data packets each comprising a predetermined number of bytes;

inserting sync bytes indicating a start point of one of the data packets in a prede

termined location of the RS-encoded data;

interleaving the RS-encoded data after the sync bytes have been inserted in the

RS-encoded data to obtain interleaved data; and

sequentially inserting packets of the interleaved data each comprising the prede

termined number of bytes in a field; and

inserting some portion of the interleaved data in residual bytes of the field that

are less than the predetermined number of bytes.

[6] The digital broadcast transmission method of claim 5, wherein the interleaving

comprises not interleaving the inserted sync bytes.



[7] The digital broadcast transmission method of claim 5, further comprising

inserting a final portion of the final packet of the interleaved data beginning in

the field in a next field;

wherein the predetermined location is a start point of a first complete packet of

the interleaved data to be inserted in the next field.

[8] The digital broadcast transmission method of claim 5, wherein the sync bytes

comprise a predetermined number of sync bytes.

[9] A digital broadcast reception apparatus comprising:

a sync byte detector to detect sync bytes from a received transport stream

comprising packets of interleaved data, the sync bytes indicating a start point of a

first complete packet of the interleaved data in a field;

a deinterleaver to deinterleave the interleaved data of the transport stream to

obtain deinterleaved data; and

a Reed-Solomon (RS) decoder to perform RS decoding of the deinterleaved data

based on the start point indicated by the detected sync bytes to obtain RS-

decoded data.

[10] The digital broadcast reception apparatus of claim 9, wherein the sync bytes

comprise a predetermined number of sync bytes.

[11] The digital broadcast reception apparatus of claim 9, wherein the deinterleaver

does not deinterleave the detected sync bytes.

[12] A digital broadcast reception method comprising:

detecting sync bytes from a received transport stream comprising packets of in

terleaved data, the sync bytes indicating a start point of a first complete packet of

the interleaved data in a field;

deinterleaving the interleaved data of the transport stream to obtain deinterleaved

data; and

performing Reed-Solomon (RS) decoding of the deinterleaved data based on the

start point indicated by the detected sync bytes to obtain RS-decoded data.

[13] The digital broadcast reception method of claim 12, wherein the sync bytes

comprise a predetermined number of sync bytes.

[14] The digital broadcast reception method of claim 12, wherein the deinterleaving

comprises not deinterleaving the detected sync bytes.

[15] A digital broadcast transmission apparatus comprising:

a Reed-Solomon (RS) encoder to perform RS encoding of data to obtain RS-

encoded data formatted in data packets each comprising a predetermined number

of bytes,

a sync byte inserter to insert sync bytes in the RS-encoded data indicating a start

point of a first complete packet of interleaved data to be inserted in each of a



plurality of fields;

an interleaver to interleave the RS-encoded data after the sync bytes have been

inserted in the RS-encoded data to obtain interleaved data; and

a data stuffer to insert the sync bytes and a plurality of complete packets of the

interleaved data each comprising the predetermined number of bytes in each of

the fields,

and insert only an initial portion of a final packet of the interleaved data

comprising the predetermined number of bytes beginning in each of the fields in

residual bytes less than the predetermined number of bytes remaining in each of

the fields after the sync bytes and the plurality of complete packets of the in

terleaved data have been inserted in each of the fields.

[16] The digital broadcast transmission apparatus of claim 15, further comprising an

interleaver controller to control the interleaver not to interleave the sync bytes

while interleaving the RS-encoded data after the sync bytes have been inserted in

the RS-encoded data.

[17] The digital broadcast transmission apparatus of claim 15, wherein the data stuffer

inserts only a final portion of the final packet of the interleaved data beginning in

each of the fields in a respective next one of the fields.

[18] The digital broadcast transmission apparatus of claim 17, wherein:

each of the fields begins with a field sync signal; and

the sync bytes in each of the fields follow the final portion of the final packet of

the interleaved data beginning in a respective preceding one of the fields.

[19] The digital broadcast transmission apparatus of claim 18, wherein if there are no

residual bytes in one of the fields, the sync bytes in a respective next one of the

fields follows the field sync signal of the respective next one of the fields.

[20] A digital broadcast transmission apparatus comprising:

a Reed-Solomon (RS) encoder to perform RS encoding of data to obtain RS-

encoded data formatted in data packets each comprising a predetermined number

of bytes;

a sync byte inserter to insert sync bytes in the RS-encoded data indicating a start

point of a first complete packet of interleaved data comprising the predetermined

number of bytes to be inserted in each of a plurality of fields each beginning with

a field sync signal;

an interleaver to interleave the RS-encoded data after the sync bytes have been

inserted in the RS-encoded data; and

a data stuffer to insert only a final portion of a final data packet of the interleaved

data beginning in a preceding field in a current field following the field sync

signal of the current field, the final data packet comprising the predetermined



number of bytes and the final portion comprising a number of bytes less than the

predetermined number of bytes,

insert the sync bytes indicating the start point of the first complete packet of the

interleaved data to be inserted in the current field in the current field following

the final portion inserted in the current field, and

insert the first complete packet of the interleaved data to be inserted in the

current field in the current field following the sync bytes inserted in the current

field.
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