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(57) Abstract: A digital transmission system is disclosed. The system includes a transmission signal generation unit which gen
erates a transmission signal in which data to be transmitted is carried by a carrier wave, and an additional data process unit which
processes so that a low power signal to represent additional data is carried by the carrier wave. The system is embodied as an or-
thogonal frequency division multiplexing (OFDM) system such as a digital video broadcast-video (DVB-V), and a single carrier
system such as a vestigial sideband modulation (VSB). Accordingly, additional data are efficiently transmitted without degrading
transmission quality of main data.



Description
DIGITAL TRANSMISSION SYSTEM FOR TRANSMITTING

ADDITIONAL DATA AND METHOD THEREOF

Technical Field
[1] The present invention relates to a digital transmission system and a data

transmission method thereof. More particularly, the present invention relates to a

digital transmission system which transmits a transmission signal into which a low

power signal expressing additional data is inserted, and a data transmission method

thereof.

Background Art
[2] As electronic and communication technology has developed, digital technology has

been introduced into the field of broadcasting systems and diverse standards for digital

broadcasting has been released. The diverse standards include a U.S. ATSC VSB

standard, and a European DVB-T standard. These standards have differences in many

aspects, such as their audio compression schemes and channel bands, but the main

difference is that the ATSC VSB standard uses a single-carrier scheme and the DVB-T

standard uses a multi-carrier scheme. In particular, the DVB-T standard adopts an

Orthogonal Frequency Division Multiplexing (OFDM) method as a standard in order

to reduce interference between channels.

[3] OFDM transmits data using a multi-carrier, converts a serially input symbol row

into parallel data streams, and modulates each stream with a plurality of orthogonal

sub-carriers.

[4] A single-carrier transmission scheme in which data are carried in a single carrier

and transmitted has high interference between symbols, so distortion increases. As a

result, the complexity of an equalizer in a receiver increases. OFDM is introduced in

order to solve this problem of the single-carrier transmission scheme.

[5] As described above, efforts have been made worldwide to provide effective

transmission and reception of broadcast signals using digital technology. Specifically,

data transmission methods, such as wireless LAN, CDMA, TDMA, or methods using a

cable, are used.

[6] Data, such as broadcast signals and other signals, as well as additional data can be

transmitted to televisions. For example, urgent rescue text broadcasting must be

transmitted to TV viewers even if the television is in an unavailable broadcast

transmission state or in unavailable broadcast transmission areas. However, in a con

ventional digital transmission system, there are no methods for effectively adding the

additional data other than generating transmission streams in which the additional data



are encoded.

Disclosure of Invention

Technical Problem
[7] The present invention aims to solve the above problems and to provide a digital

transmission system which generates a transmission signal and loads a low power

signal expressing additional data in the transmission signal so that the additional data

can be efficiently transmitted without degrading the main data transmission quality,

and a data transmission method thereof.

Technical Solution
[8] According to an exemplary aspect of the present invention, there is provided a

digital transmission system including a transmission signal generation unit which

generates transmission signals by loading data to be transmitted on carrier waves, and

an additional data processing unit which additionally loads low power signal

expressing additional data on the carrier waves.

[9] The transmission signal generation unit may generate the transmission signals in an

Orthogonal Frequency Division Multiplexing (OFDM) method by loading the data on

multi-carrier waves.

[10] The additional data processing unit may load the low power signals on the multi-

carrier waves using at least one of a Pseudo random (PN) sequence, a gold sequence,

and a Kasami sequence.

[11] The additional data processing unit may encode the low power signals and load the

encoded low power signals on the multi-carrier waves.

[12] The additional data processing unit may load the low power signal on at least one of

an in-band area, in which data are inserted, and an out-band area, which forms a guard

between channels, in the multi-carrier wave.

[13] The additional data processing unit may divide the multi-carrier waves into a

plurality of groups, and load low power signals expressing a single set of additional

data on each group, so that a plurality set of additional data are transmitted.

[14] The transmission signal generation unit may include a data splitter which performs

modulation to load the data on the multi-carrier waves, a inverse fast Fourier transform

(IFFT) processing unit which performs IFFT of the multi-carrier signals generated by

the data splitter, a parallel-to-serial converter which converts the IFFT-processed

multi-carrier signals into a single serial signal, and a digital-to-analog converter which

converts the serial signal from a digital format to an analog format.

[15] The additional data processing unit may include a reception unit which receives the

additional data from an external source, and generates the low power signals in a

frequency domain, and a signal insertion unit which loads the low power signals on the



multi-carrier signals generated by the data splitter.

[16] The additional data processing unit may include a reception unit which receives the

additional data from an external source, and generates the low power signals in a time

domain, and a signal insertion unit which loads the low power signals on the multi-

carrier signals output by the IFFT processing unit.

[17] The signal insertion unit may increase a number of expression bits of the multi-

carrier wave, and add bits corresponding to the low power signal to the increased bits.

[18] The additional data processing unit may include a reception unit which receives the

additional data from an external source, and generates the low power signals in a time

domain, and a signal insertion unit which loads the low power signals on the analog

signals output by the digital-to-analog converter.

[19] The low power signals may express compensation data for canceling a peak-

to-average power ratio (PAPR).

[20] The transmission signal generation unit may generate the transmission signals using

VSB standard by loading the data on single-carrier waves.

[21] The additional data processing unit may receive the additional data from an external

source, generate the low power signals in a time domain, and load the low power

signals on the transmission signals.

[22] According to another exemplary aspect of the present invention, there is provided

digital transmission method including generating transmission signals by loading data

to be transmitted on carrier waves, and additionally loading low power signal

expressing additional data on the carrier waves.

[23] In the transmission signal generating operation, the transmission signals may be

generated in an Orthogonal Frequency Division Multiplexing (OFDM) method by

loading the data on multi-carrier waves.

[24] In the low power signal loading operation, the low power signals may be loaded on

the multi-carrier waves using at least one of a Pseudo random (PN) sequence, a gold

sequence, and a Kasami sequence.

[25] In the low power signal loading operation, the low power signals may be encoded

and loaded on the multi-carrier waves.

[26] In the low power signal loading operation, the low power signal may be loaded on

at least one of an in-band area, in which data are inserted, and an out-band area, which

forms a guard between channels, in the multi-carrier wave.

[27] In the low power signal loading operation, the multi-carrier waves may be divided

into a plurality of groups, and low power signals expressing a single set of additional

data may be loaded on each group, so that a plurality set of additional data are

transmitted.

[28] The transmission signal generation operation may include generating multi-carrier



signals by performing modulation to load the data on the multi-carrier waves,

performing IFFT of the multi-carrier signals, converting the IFFT-processed multi-

carrier signals into a single serial signal, and converting the serial signal from a digital

format to an analog format.

[29] The low power signal loading operation may include receiving the additional data

from an external source, and generating the low power signals in a frequency domain,

and loading the low power signals on the multi-carrier signals.

[30] The low power signal loading operation may include receiving the additional data

from an external source, and generating the low power signals in a time domain, and

loading the low power signals on the IFFT-processed multi-carrier signals.

[31] In the operation of loading the low power signals on the IFFT-processed multi-

carrier signals, a number of expression bits of the multi-carrier wave may be increased,

and bits corresponding to the low power signal may be added to the increased bits.

[32] The low power signal loading operation may include receiving the additional data

from an external source, and generating the low power signals in a time domain, and

loading the low power signals on the digital-to-analog-converted signals.

[33] The low power signals may express compensation data for canceling a peak-

to-average power ratio (PAPR).

[34] In the transmission signal generation operation, the transmission signals may be

generated using VSB standard by loading the data on single-carrier waves.

[35] In the low power signal loading operation, the additional data may be received from

an external source, and the low power signals may be generated in a time domain and

may be loaded on the transmission signals.

Advantageous Effects
[36] According to an exemplary embodiment of the present invention, if a transmission

signal is generated, a low power signal expressing additional data is loaded to the

transmission signal, so the additional data can be efficiently transmitted without

degrading main data transmission quality. In particular, since additional data such as

urgent rescue broadcasting can be securely transmitted, greater protection of human

lives can be provided. In addition, a diverse range of additional data other than urgent

rescue broadcasting can be broadly utilized. Such a digital transmission system and a

transmission method thereof according to the present invention can be adapted to both

DVB-T and VSB standards.

Brief Description of the Drawings
[37] FIG. 1 is a block diagram illustrating a digital transmission system according to an

exemplary embodiment of the present invention;

[38] FIG. 2 is a block diagram illustrating an exemplary configuration of the digital



transmission system of FIG. 1;

[39] FIG. 3 is a mimetic diagram illustrating a portion in which a signal for transmitting

additional data is loaded;

[40] FIGS. 4 to 6 are block diagrams illustrating the configuration of a digital

transmission system according to diverse exemplary embodiments of the present

invention;

[41] FIG. 7 is a mimetic diagram conceptually illustrating a process of generating a

signal in a digital transmission system;

[42] FIG. 8 is a flow chart illustrating a digital transmission method according to an

exemplary embodiment of the present invention; and

[43] FIG. 9 is a flow chart illustrating a digital transmission method according to diverse

exemplary embodiments of the present invention.

[44] *Description of the reference numerals in the drawings*

[45] 110, 210, 310, 410: transmission signal generation unit

[46] 120, 220, 320, 420: additional data processing unit

[47] 111, 211, 311: data splitter

[48] 112, 212, 312: IFFT processing unit

[49] 113, 213, 313: parallel-to-serial converter

[50] 114, 214, 314: digital-to- analog converter

Best Mode for Carrying Out the Invention
[51] Hereinafter, the present invention is described in detail with reference to the

enclosed drawings.

[52] FIG. 1 is a block diagram illustrating a digital transmission system according to an

exemplary embodiment of the present invention. The digital transmission system

includes a transmission signal generation unit 110 and an additional data processing

unit 120.

[53] The transmission signal generation unit 110 receives data to be transmitted, and

generates a transmission signal by loading the data in a single-carrier wave or a multi-

carrier wave according to the Digital Video Broadcasting - Terrestrial (DVB-T) or

VSB standard.

[54] The additional data processing unit 120 loads a low power signal expressing

additional data in a transmission signal so that the low power signal can be transmitted

to a receiver. The receiver detects the low power signals from carrier waves and

combines the low power signals so that additional data can be detected.

[55] As described above, the configuration of the transmission signal generation unit 110

can vary according to whether an OFDB transmission system such as DVB-T or

wireless LAN, or a single-carrier system such as VSB is used.



[56] FIG. 2 is a block diagram illustrating an exemplary configuration of a digital

transmission system according to the DVB-T standard. In FIG. 2, the transmission

signal generation unit 110 includes a data splitter 111, an inverse fast Fourier transform

(IFFT) processing unit 112, a parallel-to-serial converter 113, and a digital-to- analog

converter 114.

[57] The data splitter 111 outputs a multi-carrier signal by loading data to be transmitted

on a multi-carrier wave. More specifically, the data splitter 111 codes the data using a

preset coding method, and performs symbol mapping, so that a modulated symbol can

be generated and converted in parallel into a plurality of symbols. As a result, a multi-

carrier signal can be generated. Modulation methods may include QPSK, 16-QAM,

and 64-QAM.

[58] To do so, the data splitter 111 may include an encoder (not shown), a symbol

mapping device (not shown), a serial-to-parallel converter (not shown) and a pilot

symbol inserter (not shown).

[59] The IFFF processing unit 112 performs an inverse fast Fourier transform of the

multi-carrier signal, so a frequency domain signal is converted into a time domain

signal.

[60] The parallel-to-serial converter 113 converts the multi-carrier signal processed by

the IFFF processing unit 112 into a single serial signal.

[61] The digital-to- analog converter 114 converts the digital serial signal output by the

parallel-to-serial converter 113 into analog format.

[62] Since the configuration of the transmission signal generation unit 110 according to

the DVB-T standard has already been published, detailed description is omitted here.

[63] The additional data processing unit 120 includes a reception unit 121 and a signal

insertion unit 122.

[64] The reception unit 121 receives additional data from an external source (not

shown), and generates a low power signal in a frequency domain in order to express

the additional data.

[65] The signal insertion unit 122 loads generated respective low power signals on

respective multi-carrier signals generated by the data splitter 111. That is, the

additional data are inserted in the frequency domain.

[66] In this case, if the electric power of each of the signals expressing the additional

data is adjusted to be much lower than the multi-carrier signal, the additional data can

be transmitted without affecting the transmission quality of the multi-carrier signal.

[67] Furthermore, since the transmission power of the additional data is consequently

greater than the transmission power of the main data, the additional data can be stably

transmitted. For example, if multi-carrier signals are generated using 8*1024 multi-

carriers waves, additional data of 1 bit which is lower than transmission power of main



data by 3OdB are loaded and transmitted on each of the entire multi-carrier signals, and

a receiver restores the additional data using the entire multi-carrier signals. In this case,

the power of the additional data is 8*1024=2 13-fold, and so has a power of

3*13dB=39dB. Accordingly, the additional data are transmitted at the power which is

greater than the transmission power of the main data by 39-30dB=9dB. As a result,

additional data such as urgent rescue broadcasting can be securely transmitted to the

TV viewers in areas having low main data transmission quality.

[68] The signal insertion unit 122 may load the low power signals on the entire multi-

carrier signals or on part of the multi-carrier signals. That is, the number of channels to

transmit the additional data can be determined according to design. The power of the

signals expressing the additional data can also be adjusted.

[69] In addition, the signal insertion unit 122 may divide multi-carrier waves into a

plurality of groups, and load low power signals expressing a single set of the additional

data on each group.

[70] In greater detail, the signal insertion unit 122 can load low power signals on the

multi-carrier signals using a Pseudo random (PN) sequence, a gold sequence, and a

Kasami sequence. As described above, additional data of one bit can be transmitted

using a single PN sequence, and diverse additional data can be transmitted using a

plurality of sequences. For example, if the total of number of multi-carrier signals is

8*1024, the additional data can be transmitted using two PN sequences each having a

length of 4*1024. In this case, the length of the sequences can be adjusted according to

the number of multi-carriers in use. That is, long sequences can be used by being split,

and short sequences can be used by being repeated.

[71] The signal insertion unit 122 may load each low power signal on each multi-carrier

signal by encoding the low power signal using a repetition code or a convolutional

code. Reception performance can be enhanced by reducing the coding rate or

increasing the signal power by repeated signal loading.

[72] FIG. 3 is a mimetic diagram illustrating a portion in which a signal for transmitting

additional data is loaded. In FIG. 3, there are a plurality of frequency channels between

a transmitter and a receiver, and data are transmitted using frequency channels

allocated according to the broadcast station.

[73] Each frequency channel (..., n, n+1, ...) includes an in-band area in which data are

inserted, and out-band areas which form a guard between channels. The signal

insertion unit 122 can load low power signals in the in-band area, the out-band area, or

in-band and out-band areas.

[74] FIG. 4 is a block diagram illustrating the configuration of a digital transmission

system according to another exemplary embodiment of the present invention. The

digital transmission system of FIG. 4 includes a transmission signal generation unit



210 and an additional data processing unit 220. The transmission signal generation unit

210 can have the same configuration as the transmission signal generation unit 110 of

FIG. 2, including a data splitter 2 11, an inverse fast Fourier transform (IFFT)

processing unit 212, a parallel-to-serial converter 213, and a digital-to-analog converter

214. Since the functions and operations of the shared elements are the same, de

scription thereof is omitted here.

[75] The additional data processing unit 220 includes a reception unit 221 and a signal

insertion unit 222. Low power signals expressing additional data are converted into

time domain signals, and inserted into each multi-carrier signal.

[76] More specifically, the reception unit 221 receives low power signals from an

external source or receives additional data, and generates and transmits to the signal

insertion unit 222 a plurality of time domain low power signals. The signal insertion

unit 222 inserts low power signals into each carrier signal output by the IFFT

processing unit 212.

[77] A time domain carrier signal includes a preamble at the beginning, a guard interval,

and a data area, where the guard interval and data area are repeated. The preamble

provides a receiver with information for channel equalization and synchronization. The

guard interval is inserted between data in order to reduce interference between

symbols.

[78] The signal insertion unit 222 may load the low power signal on at least one of the

preamble, guard interval and data area using regular sequences such as the PN

sequence as described above, or using diverse encoding methods.

[79] FIG. 4 illustrates a case wherein low power signals are inserted into signals output

by the IFFT processing unit 212, but low power signals can be inserted into serial

signals output by the parallel-to-serial conversion unit 213.

[80] A transmission signal generated passing through the IFFT processing unit 312 and

the parallel-to-serial conversion unit 313 has a digital format before entering the

digital-to analog converter 314. Therefore, the exemplary embodiment of FIG. 4 i l

lustrates a case of loading a time domain signal in a digital format. In order to load a

signal in a digital format, the signal insertion unit 222 adjusts the number of bits which

are used for mapping. That is, the number of bits expressing multi-carrier are

increased, and bits corresponding to low power signals are added to the increased bits.

[81] For example, if a conventional QPSK mapping method is used, 4 symbols can be

expressed using 2 bits, for example, (0,0), (0,1), (1,0), and (1,1). In order to add bits

expressing additional data of a small size, sign bits can be added and the number of

bits expressing decimal fractions can be increased by 5.

[82] More specifically, if it is assumed that 0 refers to -1, and 1 refers to +1, and if sign

bits are added, (10, 10), (10, 01), (01,10), and (01,01) are obtained. If 5 bits expressing



decimal fraction are added, (1000000, 1000000), (1000000, 0100000) (0100000,

1000000), and (0100000, 0100000) are obtained. In this state, if a low power signal

(0000001,0000001) having a power l/1024(=(l/2^5)^2) is added, (1000001,

1000001), (1000001, 0100001) (0100001, 1000001), and (0100001, 0100001) are

obtained.

[83] By mapping these converted codes in a designated location, low signal loading is

performed. This method can also be used in a frequency domain.

[84] Inserting low power signals in a digital format has been described above. However,

in another exemplary embodiment of the present invention, low power signals can be

inserted after being converted into an analog format.

[85] FIG.5 illustrates an exemplary configuration to describe an exemplary embodiment

in which low power signals are inserted in an analog format. In FIG. 5, a transmission

signal generation unit 310 includes a data splitter 3 11, an IFFT processing unit 312, a

parallel-to-serial converter 313, and a digital-to-analog converter 314. Description of

these elements has been given with reference to FIG. 2, so detailed description is

omitted here.

[86] An additional data processing unit 320 loads low power analog signals expressing

additional data on transmission signals converted in an analog format by the digital-

to-analog converter 314. That is, the reception unit 321 receives analog low power

signals directly from an external source, or converts data received from an external into

analog low power signals, and thus transmits the analog low power signals to the

signal insertion unit 322. Therefore, the signal insertion unit 322 loads the analog low

power signal on transmission signals output by the digital-to- analog converter 314.

[87] In the above exemplary embodiments of the present invention, additional data may

be compensation signal data for canceling a peak-to-average power ratio (PAPR). In

OFDM, since data are transmitted using multi-carriers, the size of amplitude of the

final OFDM signal is the sum of the size of the amplitude of the multi-carrier waves

and the range of amplitude is wide. In particular, if the phase of each multi-carrier is

the same, the size of the amplitude of the final OFDM signal is very high. Accordingly,

if the PAPR is higher than a threshold value, it is out of a linear operation range of a

high power linear amplifier, so distortion occurs during a linear amplification process.

In order to compensate such distortion, a compensation signal having a corresponding

peak is generated in a location where a peak out of the threshold value exists, so the

two signals are subtracted and the PAPR can be compensated.

[88] The PAPR may be reduced by loading a low power signal expressing such a com

pensation signal on each carrier signal.

[89] FIG. 6 is a block diagram illustrating the configuration of a digital transmission

system according to yet another exemplary embodiment of the present invention. The



digital transmission system includes a transmission signal generation unit 410 and an

additional data processing unit 420, which are implemented in VSB standard.

[90] The transmission signal generation unit 410 includes a randomizer 4 11, an RS

encoder 412, an interleaver 413, a trellis encoder 414, a MUX 415, a pilot insertion

unit 416, a VSB modulator 417, and an RF up-converter 418.

[91] The randomizer 411 randomizes a data stream to be transmitted. The RS encoder

412 performs RS encoding by adding parity bytes to the transmission stream in order

to correct errors occurring due to characteristics of a channel during transmission

process. The interleaver 413 interleaves the RS-encoded data in a certain pattern. The

trellis encoder 414 performs trellis encoding. The MUX 415 inserts a field sync and a

segment sync into the trellis-encoded transmission stream. The pilot insertion unit 416

inserts a pilot tone with a DC value into the signal output by the MUX 415.

[92] The VSB modulator 417 performs VSB modulation, and the RF up-converter 418

up-converts the transmission stream into a signal in the RF channel band, and transmits

the converted signal via an antenna. Following this process, the transmission signal

generation unit 410 generates a time domain single-carrier signal.

[93] The additional data processing unit 420 loads a low power signal expressing

additional data on the single-carrier signal generated by the transmission signal

generation unit 410. In this case, the low power signal may be loaded in a digital or

analog format.

[94] Since a signal output by the VSB modulator 417 has an analog format, the

additional data processing unit 420 loads the analog low power signal on a single-

carrier signal.

[95] However, the additional data processing unit 420 may load a digital low power

signal on a digital transmission stream output by the MUX 415, which is not illustrated

in FIG. 6.

[96] Alternatively, before the segment sync and the field sync are inserted, the digital

low power signal may be loaded on a digital transmission stream output by the trellis

encoder 414.

[97] The additional data processing unit 420 may have a configuration including a

reception unit (not shown) and a signal insertion unit (not shown), as illustrated in

FIGS. 2, 4, and 5.

[98] In the VSB standard, a single frame used in a U.S. digital broadcast (8-VSB) system

consists of 2 fields. Each field consists of a single field sync segment, which is the first

segment, and 312 data segments. In the VSB data frame, a single segment corresponds

to a single MPEG-2 packet, and consists of a segment sync signal of 4 symbols, and

828 data symbols.

[99] The additional data processing unit 420 divides low power signals expressing



additional data, and loads divided signals on each segment. Accordingly, a receiver

detects the additional data by collecting the low power signals dispersed in each

segment.

[100] As described in the exemplary embodiments of FIGS. 2, 4 and 5, the additional data

processing unit 420 may transmit additional data of 1 bit using all the segments of a

single field, or may transmit a single set of the additional data on each group of

segments.

[101] FIG. 7 is a mimetic diagram conceptually illustrating a process of loading additional

data in the digital transmission system of FIG. 2. In FIG. 7, a data stream ABCDEFGH

710 is divided into a plurality of carrier signals, AE, BF, CG, and DH by the

transmission signal generation unit 210.

[102] The additional data processing unit 220 receives additional data I 730, and

generates a plurality of low power signals 730-1 to 730-4. Accordingly, multi-carrier

signals 720-1 to 720-4 are generated as illustrated in FIG. 7 by inserting each low

power signal into each carrier signal AE, BF, CG, and DH. A receiver detects the

additional data I 720 by collecting the low power signals from the multi-carrier signals

720-1 to 720-4.

[103] FIG. 8 is a flow chart illustrating a digital transmission method according to an

exemplary embodiment of the present invention. In FIG. 8, a transmission signal is

generated according to the DVB-T or VSB standard (S810). A low power signal

expressing separately received additional data is loaded on the generated transmission

signal (S820). The transmission signal generated according to DVB-T standard can

load the low power signal in a frequency domain or in a time domain, and in digital or

analog format.

[104] The transmission signal generated according to VSB can load the low power signal

in a time domain, and in digital or analog format.

[105] FIG. 9 is a flow chart illustrating in detail the process of generating a transmission

signal according to the DVB-T standard. In FIG. 9, data to be transmitted are

modulated, and a plurality of carrier waves, that is, multi-carrier signals are thus

generated (S910). In an exemplary embodiment in which a low power signal is inserted

in frequency domain, low power signals can be loaded directly on the generated multi-

carrier signals.

[106] The generated multi-carrier signals are IFFT-processed, and are thus converted into

time domain carrier signals (S920). The converted carrier signals are converted into

serial signals (S930). As described here, in an exemplary embodiment in which a low

power signal is inserted in a time domain, low power signals can be loaded on the

IFFT-processed multi-carrier signals or on the serial signals.

[107] Subsequently, the serial signals are converted from digital format to analog format



(S940). As described here, in an exemplary embodiment in which an analog low power

signal is loaded, the low power signals can be loaded after digital-to-analog

conversion.

[108] FIG. 9 describes only the process of generating transmission signals according to

the DVB-T standard, but the digital transmission method can also be applied to

transmission signals according to the VSB standard. In this case, transmission signals

are generated by performing processes such as randomizing, RS encoding, in

terleaving, trellis encoding, sync MUXing, pilot insertion, VSB modulation, and RF

up-converting, in sequence. Accordingly, a digital low power signal can be loaded on a

trellis-encoded transmission signal or on a sync-MUXed transmission signal, or an

analog low power signal can be loaded on a VSB-modulated transmission signal.

Detailed description thereof has been given with reference to FIG. 6 above, so

additional description is omitted here.

[109] While the invention has been shown and described with reference to certain

exemplary embodiments thereof, it will be understood by those skilled in the art that

various changes in form and details may be made therein without departing from the

spirit and scope of the invention as defined by the appended claims.

Industrial Applicability
[110] The present invention can be applied to a digital broadcast system which provides

data to both a receiving system using main data and a receiving system using

additional data.

[Ill]



Claims
[1] A digital transmission system, comprising:

a transmission signal generation unit which generates transmission signals by

loading data to be transmitted on carrier waves; and

an additional data processing unit which additionally loads low power signal

expressing additional data on the carrier waves.

[2] The digital transmission system of claim 1, wherein the transmission signal

generation unit generates the transmission signals in an Orthogonal Frequency

Division Multiplexing (OFDM) method by loading the data on multi-carrier

waves.

[3] The digital transmission system of claim 2, wherein the additional data

processing unit loads the low power signals on the multi-carrier waves using at

least one of a Pseudo random (PN) sequence, a gold sequence, and a Kasami

sequence.

[4] The digital transmission system of claim 2, wherein the additional data

processing unit encodes the low power signals and loads the encoded low power

signals on the multi-carrier waves.

[5] The digital transmission system of claim 2, wherein the additional data

processing unit loads the low power signal on at least one of an in-band area, in

which data are inserted, and an out-band area, which forms a guard between

channels, in the multi-carrier wave.

[6] The digital transmission system of claim 2, wherein the additional data

processing unit divides the multi-carrier waves into a plurality of groups, and

loads low power signals expressing a single set of additional data on each group,

so that a plurality set of additional data are transmitted.

[7] The digital transmission system of claim 2, wherein the transmission signal

generation unit comprises:

a data splitter which performs modulation to load the data on the multi-carrier

waves;

a inverse fast Fourier transform (IFFT) processing unit which performs IFFT of

the multi-carrier signals generated by the data splitter;

a parallel-to-serial converter which converts the IFFT-processed multi-carrier

signals into a single serial signal; and

a digital-to-analog converter which converts the serial signal from a digital

format to an analog format.

[8] The digital transmission system of claim 7, wherein the additional data

processing unit comprises:



a reception unit which receives the additional data from an external source, and

generates the low power signals in a frequency domain; and

a signal insertion unit which loads the low power signals on the multi-carrier

signals generated by the data splitter.

[9] The digital transmission system of claim 7, wherein the additional data

processing unit comprises:

a reception unit which receives the additional data from an external source, and

generates the low power signals in a time domain; and

a signal insertion unit which loads the low power signals on the multi-carrier

signals output by the IFFT processing unit.

[10] The digital transmission system of claim 9, wherein the signal insertion unit

increases a number of expression bits of the multi-carrier wave, and adds bits

corresponding to the low power signal to the increased bits.

[11] The digital transmission system of claim 7, wherein the additional data

processing unit comprises:

a reception unit which receives the additional data from an external source, and

generates the low power signals in a time domain; and

a signal insertion unit which loads the low power signals on the analog signals

output by the digital-to-analog converter.

[12] The digital transmission system of claim 2, wherein the low power signals

express compensation data for canceling a peak-to-average power ratio (PAPR).

[13] The digital transmission system of claim 1, wherein the transmission signal

generation unit generates the transmission signals using VSB standard by loading

the data on single-carrier waves.

[14] The digital transmission system of claim 13, wherein the additional data

processing unit receives the additional data from an external source, generates

the low power signals in a time domain, and loads the low power signals on the

transmission signals.

[15] A digital transmission method, comprising:

generating transmission signals by loading data to be transmitted on carrier

waves; and

additionally loading low power signal expressing additional data on the carrier

waves.

[16] The method of claim 15, wherein in the transmission signal generating operation,

the transmission signals are generated in an Orthogonal Frequency Division Mul

tiplexing (OFDM) method by loading the data on multi-carrier waves.

[17] The method of claim 16, wherein in the low power signal loading operation, the

low power signals are loaded on the multi-carrier waves using at least one of a



Pseudo random (PN) sequence, a gold sequence, and a Kasami sequence.

[18] The method of claim 16, wherein in the low power signal loading operation, the

low power signals are encoded and loaded on the multi-carrier waves.

[19] The method of claim 16, wherein in the low power signal loading operation, the

low power signal is loaded on at least one of an in-band area, in which data are

inserted, and an out-band area, which forms a guard between channels, in the

multi-carrier wave.

[20] The method of claim 16, wherein in the low power signal loading operation, the

multi-carrier waves are divided into a plurality of groups, and low power signals

expressing a single set of additional data are loaded on each group, so that a

plurality set of additional data are transmitted.

[21] The method of claim 16, wherein the transmission signal generation operation

comprises:

generating multi-carrier signals by performing modulation to load the data on the

multi-carrier waves;

performing IFFT of the multi-carrier signals;

converting the IFFT-processed multi-carrier signals into a single serial signal;

and

converting the serial signal from a digital format to an analog format.

[22] The method of claim 21, wherein the low power signal loading operation

comprises:

receiving the additional data from an external source, and generating the low

power signals in a frequency domain; and

loading the low power signals on the multi-carrier signals.

[23] The method of claim 21, wherein the low power signal loading operation

comprises:

receiving the additional data from an external source, and generating the low

power signals in a time domain; and

loading the low power signals on the IFFT-processed multi-carrier signals.

[24] The method of claim 23, wherein in the operation of loading the low power

signals on the IFFT-processed multi-carrier signals, a number of expression bits

of the multi-carrier wave is increased, and bits corresponding to the low power

signal are added to the increased bits.

[25] The method of claim 21, wherein the low power signal loading operation

comprises:

receiving the additional data from an external source, and generating the low

power signals in a time domain; and

loading the low power signals on the digital-to-analog-converted signals.



[26] The method of claim 16, wherein the low power signals express compensation

data for canceling a peak-to-average power ratio (PAPR).

[27] The method of claim 15, wherein in the transmission signal generation operation,

the transmission signals are generated using VSB standard by loading the data on

single-carrier waves.

[28] The method of claim 27, wherein in the low power signal loading operation, the

additional data are received from an external source, and the low power signals

are generated in a time domain and are loaded on the transmission signals.
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