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(57) ABSTRACT 

Error correction coding across multiple channels is provided 
in multi-channel transmission systems. Specifically, redun 
dancy is provided by selecting a portion of original data 
from each of a plurality of original channels, performing at 
least one encoding operation using the portions of original 
data to produce at least one portion of redundancy data, 
including the portion of redundancy data in at least one 
redundancy channel, and transmitting the redundancy chan 
nel along with the original channels. Error correction is 
achieved by receiving at least one redundancy channel and 
a plurality of original channels, selecting a portion of 
redundancy data from the redundancy channel, selecting a 
portion of original data from each of the original channels, 
and performing at least one decoding operation using the 
portion of redundancy data and the portions of original data 
to correct at least one error in the portions of original data. 
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ERROR CORRECTION COOING ACROSS 
MULTIPLE CHANNELS IN CONTENT 

DISTRIBUTION SYSTEMS 

BACKGROUND OF THE INVENTION 

0001. The present invention relates generally to error 
correction coding, and more particularly to a method and 
circuitry for error correction coding across multiple chan 
nels. 

0002 Traditional digital cable, satellite, and terrestrial 
distribution systems provide content streams (e.g., audio, 
video, data) over a large number of RF channels. Each RF 
channel may contain multiple content streams with each 
content stream typically delivered through a single RF 
channel. In conventional content distribution systems, each 
RF channel requires its own analog tuner. At the customer 
premises end, an end user selects a content stream via a 
remote control or other device. To select a particular content 
stream, an analog tuner is set to output only the RF channel 
containing the content stream of interest. A channel demodu 
lator demodulates digital content from the tuner, and the 
content stream is then sent to an end user unit, which may 
a television, VCR, or computer. 

0003 FIG. 1 is a block diagram of a traditional content 
distribution system 100. The content distribution system 100 
includes a content head end (CHE) 110 from which trans 
mission originates, a medium 112 though which the trans 
mission is sent, and customer premises equipment (CPE) 
115 where the transmission is received. In a broadcast 
situation, more than one CPE 115 would be receiving the 
transmission. The CHE 110 includes in content stream blocks 
118 which provide in streams of content to n corresponding 
RF channel blocks 120. The RF channel blocks 120 perform 
transmit functions such as modulation and produce n RF 
channels. The n RF channels form a multi-channel RF signal 
that is transferred through the medium 112. 

0004 Although the content distribution system 100 can 
include more than one CPE block 115, one CPE block 115 
is expanded to show its major subsystems. The CPE 115 
includes a tuner block 122 which receives one of the 
particular RF channels by selecting the RF channel and 
tuning to the RF frequency associated with that RF channel. 
The tuner block 122 provides the selected channel to a 
demodulation block 125 that demodulates the selected chan 
nel. The demodulation block 125 provides a demodulated 
channel signal to the end user 128 associated with the CPE 
115. 

0005. A significant problem that plagues traditional con 
tent distribution systems is frequency-related interference. A 
myriad of possible sources may produce frequency-related 
interference, which can disrupt or completely preclude 
reception of particular RF channel(s). These sources can be 
internal to the system used to receive the desired signals. For 
example, these can be signal spectrum spurs generated by 
hardware within the system. These sources can also be 
external to the system and can thus change with the user's 
physical environment. Given the wide variety of possible 
Sources of frequency-related interference in any real world 
environment, it may be extremely difficult to predict which 
RF channel will be disrupted and at what time the disruption 
will occur. 

Jul. 13, 2006 

0006. However, traditional content distribution systems, 
Such as system 100, employ conventional in-channel error 
correction coding techniques to combat interference associ 
ated with transmission through the medium 112. Such tech 
niques carry out error encoding and decoding for each 
channel independently of other channels. In the traditional 
content distribution system 100, in-channel encoding is 
performed in the RF channel blocks 120, and in-channel 
decoding is performed in the demodulation block 125. 
Accordingly, encoding performed in one RF channel block 
120 is not correlated to encoding performed in another RF 
channel block 120. Similarly, decoding performed in the 
demodulation block 125 when a particular RF channel is 
selected does not correlate with decoding performed when 
another RF channel is selected. 

0007 Conventional in-channel error correction coding 
methods are only capable of correcting errors up to a certain 
level of signal degradation of the RF channel being received. 
If the conditions are so adverse that the RF channel is 
degraded beyond that level, the error correction method 
simply cannot recover the desired signal. This situation is 
played out when frequency-related interference precludes 
reception of a particular RF channel in a traditional content 
distribution system. All of the power of the interfering 
Source is concentrated in one or more narrow bands of 
frequency. When a user decides to “tune in to a particular 
RF channel that is sufficiently close to such a narrow 
frequency band of the interference, the concentrated power 
of the interfering source significantly impacts reception of 
the desired RF channel. The RF channel can easily be 
degraded beyond the correction ability of any reasonably 
designed in-channel error correction method implemented 
for the particular RF channel. Thus, the RF channel can be 
completely "knocked out.” 
0008 To compound the problem, any practical solution 
to frequency-related interference must address the difficult 
issue of backward compatibility with existing equipment. 
Many homes and businesses have already installed expen 
sive equipment designed for traditional content distribution 
systems based on individual RF channels. Any new system 
that requires replacement or retooling of the immense quan 
tity of Such existing equipment currently in service is likely 
to waste resources and faces tremendous difficulty in being 
introduced into the market. Thus, the problem of frequency 
related interference requires a solution that retains compat 
ibility with equipment already in place based on the tradi 
tional structure of individual RF channels. 

BRIEF SUMMARY OF THE INVENTION 

0009 Error correction coding across multiple channels is 
provided in multi-channel transmission systems. Specifi 
cally, redundancy is provided by selecting a portion of 
original data from each of a plurality of original channels, 
performing at least one encoding operation using the por 
tions of original data to produce at least one portion of 
redundancy data, including the portion of redundancy data 
in at least one redundancy channel, and transmitting the 
redundancy channel along with the original channels. Error 
correction is achieved by receiving at least one redundancy 
channel and a plurality of original channels, selecting a 
portion of redundancy data from the redundancy channel, 
selecting a portion of original data from each of the original 
channels, and performing at least one decoding operation 
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using the portion of redundancy data and the portions of 
original data to correct at least one error in the portions of 
original data. 
0010. The encoding and decoding operations can corre 
spond to a parity bit calculation, a block code Such as a 
Reed-Solomon code, or others. In one embodiment, each 
portion of original data consists of a bit. In another embodi 
ment, each portion of original data consists of a non-binary 
symbol. 

0011. In yet another embodiment, an adaptively con 
trolled level of redundancy is used, the level of redundancy 
being adaptively controlled according to at least one mea 
Sure of error-proneness associated with the original chan 
nels. 

0012. The invention will be better understood by refer 
ence to the following description in connection with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 FIG. 1 is a block diagram of a traditional content 
distribution system; 
0014 FIG. 2 is a block diagram of a content distribution 
system, with emphasis on details of a content head end in 
accordance with one embodiment of the present invention; 
0.015 FIG. 3 illustrates cross-channel error correction 
encoding in accordance with one embodiment of the present 
invention; 

0016 FIG. 4 is a block diagram of a content distribution 
system, with emphasis on details of a new customer pre 
mises equipment (CPE) in accordance with one embodiment 
of the present invention; 
0017 FIG. 5 is a block diagram of a particular imple 
mentation of the multi-channel demodulation block, cross 
channel error correction decoding block, and program selec 
tion block; and 

0018 FIG. 6 illustrates cross-channel error correction 
decoding in accordance with one embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Overview 

0.019 FIG. 2 is a block diagram of a content distribution 
system 200, with emphasis on details of a content head end 
(CHE) 210 in accordance with one embodiment of the 
present invention. Like the traditional content distribution 
system 100, the content distribution system 200 is capable of 
Supporting in RF channels of transmission and includes CHE 
210 from which transmission originates, a medium 212 
though which the transmission is sent, and customer pre 
mises equipment (CPE) 215 and 218 where the transmission 
is received and provided to end users 230. However, unlike 
the traditional content distribution system 100, the content 
distribution system 200 supports X additional RF channel(s) 
which contain redundancy data produced by error correction 
coding performed across the original n channels. Each of the 
numbers n and X is a positive integer that can range from one 
to an arbitrary value, depending on implementation. CPE 

Jul. 13, 2006 

215 is able to use the redundancy data in the X additional RF 
channel(s) to perform cross-channel error correction. 
0020 For clarity of illustration, each content stream 
described herein corresponds to an RF channel. However, 
the present invention is not limited to systems where a 
one-to-one correspondence exists between the content 
streams and the RF channels. The present invention is also 
applicable in situations where one RF channel carries one or 
more content stream, as well as in situations where multiple 
RF channels in combination can carry a single content 
stream. Content streams contain information that can be 
accessed or used by the end user(s). 
Content Head End 

0021. The CHE210 includes in content stream blocks 220 
which provide the original in streams of content to n corre 
sponding RF channel blocks 222. In addition, the CHE 210 
includes X redundancy data blocks 225, each providing 
redundancy data to a corresponding RF channel block 228. 
The redundancy data is generated by cross-channel error 
correction encoding, which is discussed in more detail 
below. Like the RF channel blocks 222, the RF channel 
blocks 228 performs transmit functions such as modulation. 
0022. In addition to modulation, the RF channel blocks 
222 and the RF channel blocks 228 may perform encoding 
functions associated with conventional in-channel error cor 
rection coding. As does the traditional content distribution 
system 100, the content distribution system 200 likely 
employs some form of in-channel error correction coding. 
As discussed above, in-channel error correction coding 
involves encoding and decoding for each channel that is 
performed independently of other, channels. Here, in-chan 
nel encoding is performed in the RF channel blocks 222. 
Accordingly, encoding performed in one RF channel block 
222 or 228 is not correlated to encoding performed in 
another RF channel block 222 or 228. 

0023 The output of the RF channel blocks 222 are the RF 
channels 1 through n, which carry content. The output of the 
RF channel blocks 228 are the RF channels n+1 through 
n+X, which carry data for error correction across the original 
channels 1 through n. The RF channels 1 through n and the 
RF channels n+1 through n+x occupy different RF frequen 
cies and are transferred through the medium 212. 
0024. By simply adding the RF channels n+1 through 
n+X to carry cross-channel error correction data and leaving 
unchanged the structure of the original channels 1 through n, 
backward compatibility with existing equipment designed 
for traditional content distribution systems is achieved. The 
CHE 210 can broadcast signals that can be received by both 
new and old equipment, such as new CPE 215 and old CPE 
218, providing content to different end users 230. To illus 
trate this, the figure shows multiple CPE blocks, some being 
old CPE 215, and some being new CPE 218. The end users 
are designated 230. New receive equipment, such as CPE 
215, capable of processing cross-channel error correction, 
can receive the RF channels 1 through n as well as the RF 
channels n+1 through n+X transmitted by the cable head end 
210. The new receive equipment would be able to take 
advantage of the benefits of cross-channel error correction 
supported by the RF channels n+1 through n+x. Old receive 
equipment, such as CPE 218, need not be replaced and can 
continue to receive the RF channels 1 through n transmitted 
by the cable head end 210. 
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0025. In other words, users who do not want or need the 
new feature of cross-channel error correction do not have to 
modify their existing equipment to continue to receive 
signals from the CHE 210. Since the new RF channels n+1 
through n+X are separate channels, such existing equipment 
can simply ignore the new RF channels n+1 through n+X. 
Thus, the CHE 210 can provide cross-channel error correc 
tion as a new feature without the need to replace all existing 
receive equipment that is already in service. 
Cross-Channel Error Correction Encoding 
0026 FIG. 3 illustrates cross-channel error correction 
encoding in accordance with one embodiment of the present 
invention. This encoding process generates the redundancy 
data provided by the redundancy data blocks 225. Each of 
the n original streams of content provided by the n content 
stream blocks 220 is represented as a data sequence 232. 
Each data sequence 232 is made up of individual symbols 
235. Each symbol 235 can be a bit, which represents a binary 
alphabet, but the symbol 235 need not be limited to the 
binary alphabet. It can also be selected from an alphabet 
having more than two members. For example, the symbol 
235 can correspond to a byte of information, in which case 
the symbol 235 is selected from an alphabet having 28, or 
256, members. Furthermore, even if each sequence 232 is 
physically embodied as a collection of bits, the symbol 235 
can still be represented as being selected from an alphabet 
having more than two members. For example, the sequence 
232 may be physically stored in memory (not shown) as bits 
of information. However, for purposes of generating error 
correction data, every 8 bits of information may be trans 
lated into a byte-size symbol. 
0027. The data sequences 232, each corresponding to one 
of the original content streams 1 through n, are aligned. One 
symbol 238 is sampled from each data sequence 232 accord 
ing to the alignment. That is, each symbol 238 is sampled at 
the same position, as defined by the alignment, from one of 
the data sequences 232. Since each symbol 238 is sampled 
from a different one of n data sequence 232. Such sampling 
will produce n sampled symbols 238. 
0028 Cross-channel error correction encoding is per 
formed on the n sampled symbols 238 to produce one or 
more error correction symbols 240. This encoding can be the 
encoding technique associated with any one of a wide range 
of different error correction coding methods, such as a 
simple parity bit calculation, a block code such as Reed 
Solomon coding, or others. For purposes of illustration, a 
simple parity bit calculation for encoding is described below. 
In this example, each symbol is selected from a binary 
alphabet. That is, each symbol is a bit having a value of 
either “1” or “0.” The n sampled symbols 238 from the 
original data streams 1 through n are represented as B. 
B, ..., B. The error correction symbol 240 is represented 
as B, and is generated according to the equation: 

B=B1 (D B2 (D. . . (D B, 

where the operator €D represents the XOR operation. In 
this manner, then sampled symbols 238 from the n channels 
are used to generate the error correction symbol 240. 
0029. The process of sampling n symbols 238 from each 
of the original content streams and performing error correc 
tion encoding on the n symbols 238 according the above 
equation to generate one error correction symbol 240 is 

Jul. 13, 2006 

repeated. The newly generated error correction symbols 240 
are concatenated to form a redundancy data sequence 242, 
which corresponds to redundancy data provided by one of 
the redundancy data blocks 225 to an associated RF channel 
block 228. The output of the RF channel block 228 is 
transmitted as an additional RF channel, along with RF 
channels 1 through n, through the medium 112. 

0030 Note that cross-channel error correction encoding 
can be performed as the symbols of the n original channels 
are made available. Alternatively, error correction encoding 
can be performed all at once, if all of the symbols of an entire 
portion of transmission of the n original channels are avail 
able at one time. Depending on the implementation, different 
techniques can be used for carrying out cross-channel error 
correction encoding. 

0031 Cross-channel error correction encoding can be 
performed using all of the channels in a particular system or 
only a portion of Such channels. Thus, the n original chan 
nels shown in FIG. 3 may represent the complete set of 
channels in a system or only a Subset of the channels in the 
system. Furthermore, the present invention needs not be 
limited to broadcast system. Cross-channel error correction 
in accordance with the present invention may be realized in 
any system using multiple channels for data transmission. 
0032. The number of redundancy symbols produced for a 
given number of original channel symbols can vary depend 
ing on the error correction coding method used and the level 
of redundancy desired. Generally speaking, a greater the 
level of redundancy corresponds to more error correction 
capability and more redundancy symbols produced for a 
given number of original channel symbols. In the example 
of the parity bit calculation encoding described above, one 
error correction (redundancy) symbol 240 is produced for 
every n symbols 238 sampled from the original channels, 
generating one redundancy data sequence 242 and one 
corresponding redundancy channel, channel n+1. Here, the 
number X has a value of 1. Other encoding techniques may 
produce X error correction symbol 240 from the n sampled 
symbols 238, where x is a number greater than one. This 
generates X redundancy data sequences 242 and correspond 
ing redundancy channels n+1 through n+x, as shown in FIG. 
3. 

0033. The level of redundancy and the choice of error 
correction coding method used need not be fixed and in fact 
can be made to be adaptive to changing conditions. In Such 
an adaptive system, the error-proneness of the various RF 
channels may be observed and used as input to adjust the 
type of error detection correction method and the level of 
redundancy used in cross-channel error correction encoding. 
Such error-proneness can be measured using various indi 
cators, such as signal-to-noise ratio (SNR), signal-to-inter 
ference ratio (SIR), bit error rate (BER), and the like. 
Customer Premises Equipment (CPE) 

0034 FIG. 4 is a block diagram of the content distribu 
tion system 200, with emphasis on details of a new customer 
premises equipment (CPE) 215 in accordance with one 
embodiment of the present invention. The CPE 215 receives 
the RF channels 1 through n and the RF redundancy chan 
nels n+1 through n+x originating from the CHE 210 and 
transmitted through the medium 212. The CPE 215 includes 
a multi-channel demodulation block 245, which performs 
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demodulation of each of the RF channels, including the RF 
channels 1 through n and the RF redundancy channels n+1 
through n+x. The multi-channel demodulation block 245 
also carries out any in-channel error correction decoding that 
may need to be performed on each of the original channels 
1 through n and the redundancy channels n+1 through n+X. 
The output of the multi-channel demodulation block 245 is 
in the form of processed data that has components corre 
sponding to every channel, including the original channels 1 
through n and the redundancy channels n+1 through n+X. 
The processed data is provided to a cross-channel error 
correction decoding block 248. As indicated above, the 
processed data is in demodulated form and may have also 
been decoded according to any applicable in-channel error 
correction scheme. 

0035) In addition to the processed data, the multi-channel 
demodulation block 245 may also provide other information 
to the cross-channel error correction decoding block 248. 
One important category of Such information is error detec 
tion data. Generally, error detection refers to the detection of 
whether error(s) have occurred and/or the location of such 
error(s) within a portion of received data. In performing 
receive functions such as carrier signal reception, demodu 
lation, and in-channel error correction decoding, the multi 
channel demodulation block 245 may collect such informa 
tion and provide it to the cross-channel error correction 
decoding block 248. 

0036 For example, if the multi-channel demodulation 
block 245 encounters an error-indicating condition in the 
demodulation of one of the RF channels 1 through n, the 
condition can be reported to the cross-channel error correc 
tion decoding block 248. Such a condition may include the 
loss of lock of frequency, phase, or timing corresponding to 
a particular RF channel. Such a condition may also include 
the loss of lock in the in-channel error correction decoding 
process for a particular channel. Depending on the imple 
mentation of the multi-channel demodulation block 245, 
different error-indicating conditions may be available. Iden 
tification of these error-indicating conditions can provide a 
wide range of error detection data, Such as (1) occurrence of 
errors on a particular RF channel at particular moments in 
time, (2) the location of errors within a particular RF 
channel, (3) the loss of an entire RF channel such that all of 
the data in the RF channel is erroneous, and (4) others. Such 
information can be extremely useful to the functions of the 
cross-channel error correction decoding block 248. 
0037 Although FIG. 4 shows only one path connecting 
the multi-channel demodulation block 245 and the cross 
channel error correction decoding block 248, it should be 
understood that the transfer of data from block 245 to block 
248 needs not be restricted to a single physical path. For 
example, the processed data corresponding to the original 
channels 1 through n and the redundancy channel X may be 
transferred using a number of parallel paths. Alternatively, 
the processed data can be transferred serially along a single 
path. Also, data other than the processed data, Such as error 
detection data, may be transferred using separate paths. 
Error detection data may alternatively be interleaved into the 
processed data and transferred together with the processed 
data. Error detection data may even be represented as a 
special operation performed on the processed data. An 
example of Such a special operation is the conversion of all 
bits to “0” for processed data corresponding to a particular 
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RF channel when the entire RF channel is determined to be 
lost and all data for the RF channel is known to be erroneous. 
As can be seen, the particular technique used for transferring 
data from block 245 to block 248 can be varied, depending 
on implementation. Similarly, transfer of data between other 
blocks can be performed in various ways and is not limited 
by the representation of a single path between blocks shown 
in the figures. 
0038. The cross-channel error correction decoding block 
248 receives the processed data and available information 
relevant to error detection data from the multi-channel 
demodulation block 245. Using these inputs, the decoding 
block 248 performs cross-channel error correction decoding, 
which is described in more detail below, and outputs the 
resulting corrected data to a program selection block 250. 
The program selection block 250 is controlled to select one 
or more of the multiple data streams present in the corrected 
data. The selected data stream(s) are then provided to the end 
user 230. 

0039 FIG. 5 is a block diagram of a particular imple 
mentation of the multi-channel demodulation block 245, 
cross-channel error correction decoding block 248, and the 
program selection block 250. Here, the multi-channel 
demodulation block 245 is configured as a set of separate 
demodulators 502, for channels 1 through n+x. Each 
demodulator 502 provides a processed signal to the cross 
channel error correction decoding block 248, which pro 
duces the resulting corrected data containing multiple data 
streams. A program selector 504 provides a selection signal 
to the cross-channel error correction decoding block 248. 
The selection signal indicates which one or more of the data 
streams are selected to be output. The cross-channel error 
correction decoding block 248 outputs the selected data 
streams, according to the selection signal. 
Cross-Channel Error Correction Decoding 
0040. The cross-channel error correction decoding block 
248 performs the functions of error detection, error correc 
tion, or both error detection and error correction. As men 
tioned above, error detection generally refers to the detection 
of whether error(s) have occurred and/or the location of such 
error(s) within a portion of received data. Error correction 
generally refers to the removal or error(s) or the reconstruc 
tion of received data such that it becomes closer to its 
original state before error(s) occurred. The combination of 
error detection and/or error correction performed by the 
cross-channel error correction decoding block 248 can vary 
according to implementation. 

0041. A wide range of different error correction coding 
methods can be used in cross-channel error correction, as 
already discussed. These include a simple parity bit calcu 
lation, a block code such as Reed-Solomon coding, or 
others. Depending on the particular coding method used, the 
cross-channel error correction decoding block 248 may 
perform its functions in different ways. In some coding 
methods, error detection and error correction are performed 
in a single step. In other coding methods, error detection and 
error correction are performed in separate steps. Also, in 
many coding methods, the performance of error detection 
and/or error correction can be improved if some error 
detection data is already known. For example, error detec 
tion data provided by the multi-channel demodulation block 
245 can improve the performance of the cross-channel error 
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correction decoding block 248 as it carries out error detec 
tion, error correction, or both error detection and error 
correction. 

0.042 FIG. 6 illustrates cross-channel error correction 
decoding in accordance with one embodiment of the present 
invention. This decoding process uses redundancy data 
provided by the redundancy channels n+1 through n+X to 
perform error detection, error correction, or both error 
detection and error correction to recover data in the original 
channels 1 through n. As discussed previously, the number 
X is a positive integer that can range from one to an arbitrary 
value, depending on implementation. The processed data 
provided by the multi-channel demodulation block 245 
contains data corresponding to each of the original channels 
1 through n as well as the redundancy channels n+1 through 
n+X. Data corresponding to each of the original channels 1 
through n is represented as a data sequence 252. Each data 
sequence 252 is made up of individual symbols 255. Data 
corresponding to the redundancy channels n+1 through n+X 
is represented as data sequences 258. Each data sequence 
258 is made up of individual symbols 260. As in the 
encoding process, the symbols 255 and 260 can be selected 
from a binary alphabet or a non-binary alphabet. 
0043. The data sequences 252 and the data sequences 258 
are aligned. One symbol 262 is sampled from each of the 
data sequences 252 according to this alignment. One symbol 
265 is sampled from each of the data sequences 258, also 
according to this alignment. Thus, each symbol 262 repre 
sents a symbol sampled from a different original channel, 
and each symbol 265 represents a symbol sampled from a 
different redundancy channel. Note that in FIG. 6, the data 
sequence corresponding to the original channel 2 is missing. 
This can illustrate that the processed data corresponding to 
the original channel 2 is either unavailable or otherwise 
impaired. For instance, it may already be known that the 
original channel 2 is corrupted with errors, given informa 
tion provided by the multi-channel demodulation block 245 
regarding the detection of error-indicating conditions on 
channel 2. Alternatively, the absence of the original channel 
2 in FIG. 6 can indicate a systematic process by which some 
or all of the channels are individually restored. In such a 
scenario, FIG. 6 merely indicates that channel 2 happens to 
be the channel being restored at a particular point in Such a 
systematic process. 

0044) In any case, FIG. 6 shows that cross-channel error 
correction decoding is used to reconstruct data in the origi 
nal channel 2. The n-1 symbols 262 from the available 
original channels (channels 1 through n, less channel 2) and 
the symbols 265 from the redundancy channels n+1 through 
n+X are used in the decoding process to produce a recon 
structed symbol for the original channel 2. As discussed 
above, this decoding can be the decoding technique associ 
ated with any one of a wide range of different error correc 
tion coding methods. For the purpose of illustration, only a 
simple parity bit calculation for decoding is discussed below, 
corresponding to the parity bit calculation for encoding 
already described. Consistent with that encoding technique, 
symbols are selected from a binary alphabet. That is, each 
symbol is a bit having a value of either “1” or “0. The n-1 
sampled symbols 262 from the different n-1 available 
channels are represented as B. B. B. . . . . B. In this 
example, there is only one redundancy channel, channel 
n+1. The one sampled symbol 265 from the redundancy 
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channel n+1 is represented as B. The reconstructed symbol 
for the missing original channel 2 is represented as B and 
is generated according to the equation: 

B=B1 (D B (D B (D. . . B. (D B, 

where the operator €D represents the "XOR operation. Thus, 
the n-1 sampled symbols 262 from the n-1 available 
original channels and the sampled symbol 265 from the 
redundancy channel n+1 are used to reconstruct the a 
corresponding symbol for the missing original channel 2. 
0045. The process of sampling from each of the n-1 
available channels and the redundancy channel n+1 and 
performing error correction decoding to generate a recon 
structed symbol for channel 2 is repeated. Each time the 
process is repeated, a new set of n-1 symbols 262 and a new 
symbol 265 is sampled, and a symbol for channel 2 is 
reconstructed. The reconstructed symbols are concatenated 
to form an new data sequence that represents the recon 
structed channel 2. In this manner, error correction is per 
formed such that channel 2 can be completely reconstructed 
from original channels 1, 3, 4, . . . . n and the redundancy 
channel n+1. 

0046 Cross-channel error correction may correct a wide 
variety of different types of error. Although FIG. 6 illustrates 
the continuous reconstruction of an entire channel, cross 
channel error correction is not limited to this type of error 
correction. For example, error correction can be succes 
sively performed for different channels. That is, one error 
correction step may reconstruct a symbol for channel 2, and 
the next error correction step may reconstruct a symbol for 
channel 7. Thus, the present invent may be used to correct 
errors caused by frequency-related interference appearing at 
different frequencies at different times. Cross-channel error 
correction performed on different channels is well suited to 
unpredictable and sporadic interference common in real 
world environments. 

0047 The capabilities of cross-channel error correction 
depends on the type of error correction coding method used. 
The bit parity calculation shown above as an illustrative 
example can reconstruct a single channel. Other error cor 
rection coding methods are capable of handling error on 
more than one channel. If such other methods are used, more 
than one missing channel can be reconstructed. Accordingly, 
it should be clear that FIG. 6, which only shows one channel 
to be missing, is merely an illustrative example and is not 
intended to limit the scope of the present invention. 
0048. The bit parity calculation shown above as an illus 
trative example also does not detect the existence or location 
of error(s). The technique is only capable of reconstructing 
a channel if it is know which channel needs to be recon 
structed. Thus, the technique relies on information, such as 
the error-indicating conditions described previously, for 
identification of the channel on which error(s) exist. 
0049 Other error correction coding methods are capable 
of detecting the existence and/or location of errors. Using 
such other methods, the existence and/or location of errors 
can first be detected, then the errors can be corrected. 
Nevertheless, such other error correction coding methods 
may still take advantage of the error-indicating conditions 
described previously. For example, a specific Reed-Solomon 
code may be able to detect the location of one error and also 
correct the error. Alternatively, the same Reed-Solomon 
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code may be able to correct two errors, if the location of the 
errors are known. Thus, if an error-indicating condition (e.g. 
a loss of lock of frequency, phase, or timing associated with 
two RF channels) indicates the location of the errors (e.g. the 
two symbols corresponding to the two RF channels experi 
encing loss of lock), the Reed-Solomon code would be able 
to correct both errors because it the location of each of the 
two errors is known. Without utilizing the error-indicating 
condition, the same Reed Solomon code would only be able 
to locate one error and correct that error. 

0050. As is the case in cross-channel error correction 
encoding, cross-channel error correction decoding can be 
performed as the symbols of the original channels are made 
available. Alternatively, such decoding can be performed all 
at once, if all of the symbols of an entire portion of 
transmission of the received original channels used in 
decoding are available at one time. Depending on the 
implementation, different techniques can be used for carry 
ing out cross-channel error correction decoding. 
0051 Although the present invention has been described 
in terms of specific embodiments, it should be apparent to 
those skilled in the art that the scope of the present invention 
is not limited to the described specific embodiments. 
0.052 The specification and drawings are, accordingly, to 
be regarded in an illustrative rather than a restrictive sense. 
It will, however, be evident that additions, subtractions, 
Substitutions, and other modifications may be made without 
departing from the broader spirit and scope of the invention 
as set forth in the claims. 

What is claimed is: 
1. A method for providing redundancy to multi-channel 

data transmission comprising: 
Selecting a portion of original data from each of a plurality 
of original channels adapted to transmission through a 
communication medium; 

performing at least one encoding operation using said 
portions of original data to produce at least one portion 
of redundancy data; 

including said portion of redundancy data in at least one 
redundancy channel; and 

transmitting said redundancy channel along with said 
original channels through said communication 
medium. 

2. The method of claim 1 wherein said selecting, per 
forming, and including steps are repeated before said trans 
mitting step. 

3. The method of claim 1 further comprising the step of: 
while performing said transmitting step, repeating said 

Selecting, performing, and including steps. 
4. The method of claim 1 wherein said encoding operation 

corresponds to a parity bit calculation. 
5. The method of claim 1 wherein said encoding operation 

corresponds to a block code. 
6. The method of claim 5 wherein said block code is a 

Reed-Solomon code. 
7. The method of claim 1 wherein an adaptively con 

trolled level of redundancy is used to perform said encoding 
operation, said level of redundancy being adaptively con 
trolled according to at least one measure of error-proneness 
associated with said original channels. 
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8. The method of claim 7 wherein said measure of 
error-proneness is a signal-to-noise ratio (SNR), signal-to 
interference ratio (SIR), or bit error rate (BER). 

9. A method for correcting error in multi-channel data 
transmission having redundancy, the method comprising: 

receiving at least one redundancy channel and a number 
of original channels belonging to a plurality of original 
channels, said at least one redundancy channel and said 
plurality of original channels being transmitted over a 
communication medium; 

selecting a portion of redundancy data from said redun 
dancy channel; 

selecting a portion of original data from each of said 
number of original channels; and 

performing at least one decoding operation using said 
portion of redundancy data and said portions of original 
data to correct at least one error in said plurality of 
original channels. 

10. The method of claim 9 wherein said step for perform 
ing at least one decoding operation comprises the step of 

detecting the existence of at least one error. 
11. The method of claim 10 wherein said step for detect 

ing the existence of at least one error comprises the step of 
monitoring at least one error-indicating condition during 

said receiving step. 
12. The method of claim 11 wherein said error-indicating 

condition relates to carrier signal reception. 
13. The method of claim 11 wherein said error-indicating 

condition relates to demodulation. 
14. The method of claim 11 wherein said error-indicating 

condition relates to in-channel error correction decoding. 
15. The method of claim 9 wherein said step for perform 

ing at least one decoding operation comprises the step of 

detecting the location of at least one error. 
16. The method of claim 15 wherein said step for detect 

ing the location of at least one error comprises the step of 
monitoring at least one error-indicating condition during 

said receiving step. 
17. The method of claim 16 wherein said error-indicating 

condition relates to carrier signal reception. 
18. The method of claim 16 wherein said error-indicating 

condition relates to demodulation. 
19. The method of claim 16 wherein said error-indicating 

condition relates to in-channel error correction decoding. 
20. The method of claim 9 wherein said step for perform 

ing at least one decoding operation further comprises the 
step of: 

correcting at least one error. 
21. The method of claim 9 wherein said steps for selecting 

a portion of redundancy data, selecting a portion of original 
data, and performing at least one decoding operation are 
repeated after said receiving step. 

22. The method of claim 9 wherein said steps for selecting 
a portion of redundancy data, selecting a portion of original 
data, and performing at least one decoding operation are 
repeated while performing said receiving step. 

23. The method of claim 9 wherein said decoding opera 
tion corresponds to a parity bit calculation. 
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24. The method of claim 9 wherein said decoding opera 
tion corresponds to a block code. 

25. The method of claim 24 wherein said block code is a 
Reed-Solomon code. 

26. The method of claim 1 or 9 wherein said portions of 
original data are selected from a common position within 
their respective original channels. 

27. The method of claim 1 or 9 wherein each said portion 
of original data consists of a bit. 

28. The method of claim 1 or 9 wherein each said portion 
of original data consists of a non-binary symbol. 

29. The method of claim 1 or 9 wherein said communi 
cation medium is cable-based. 

30. The method of claim 1 or 9 wherein said communi 
cation medium is satellite-based. 

31. The method of claim 1 or 9 wherein said communi 
cation medium is terrestrial. 

32. The method of claim 1 or 9 wherein said original 
channels contain audio, video, and/or data signals. 

33. A system for providing redundancy to multi-channel 
data transmission comprising: 

means for selecting a portion of original data from each of 
a plurality of original channels adapted to transmission 
over a communication medium; 
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means for performing at least one encoding operation 
using said portions of original data to produce at least 
one portion of redundancy data; 

means for including said portion of redundancy data in at 
least one redundancy channel; and 

means for transmitting said redundancy channel along 
with said original channels in said communication 
medium. 

34. A system for correcting error in multi-channel data 
transmission having redundancy, the system comprising: 
means for receiving at least one redundancy channel and 

a plurality of original channels transmitted over a 
communication medium; 

means for selecting a portion of redundancy data from 
said redundancy channel; 

means for selecting a portion of original data from each of 
said original channels; and 

means for performing at least one decoding operation 
using said portion of redundancy data and said portions 
of original data to correct at least one error in said 
portions of original data. 

k k k k k 


