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Historical Timeline

1948 Shannon founded information theory, discovery of Golay codes
1950 Single error correcting Hamming codes
1955 Invention of convolutional codes by Elias.
1960 Reed-Solomon Codes
1960 LDPC codes (Gallager)
1961-63 Sequential decoding of convolutional codes (Wozencraft, Fano)
1967 ML decoding of convolutional codes (Viterbi algorithm)
1968-69 Berlekemp-Massey algorithm to decode BCH and RS codes
1968 Convolutional codes for the Pioneer space vehicle
1974 Convolutional codes for the Helios space vehicle
1976-82 Coded modulation (Ungerboeck codes)
1977 Concatenated codes for Voyager space vehicle
1993 Turbo codes
1995 Graph based codes
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Coding in Space Communications

The first coded scheme actually to be launched into space was a
rate-1/2 convolutional code with constraint length ν = 20(220

states) for the Pioneer 1968 mission.
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Coding in Space Communications

The first coded scheme actually to be launched into space was a
rate-1/2 convolutional code with constraint length ν = 20(220

states) for the Pioneer 1968 mission.

The receiver used 3-bit-quantized soft decisions and sequential
decoding implemented on a general-purpose 16-bit minicomputer
with a 1 MHz clock rate. At a rate of 512 b/s, the real coding gain
achieved at Pb(E) ≈ 5 · 10−3 was about 3.3 dB.
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The first coded scheme actually to be launched into space was a
rate-1/2 convolutional code with constraint length ν = 20(220

states) for the Pioneer 1968 mission.

The receiver used 3-bit-quantized soft decisions and sequential
decoding implemented on a general-purpose 16-bit minicomputer
with a 1 MHz clock rate. At a rate of 512 b/s, the real coding gain
achieved at Pb(E) ≈ 5 · 10−3 was about 3.3 dB.

During the 1970s the NASA standard became a concatenated
coding scheme based on a rate-1/2, 64-state inner convolutional
code and a (255, 223, 33) Reed-Solomon outer code over F256 .
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Coding in Space Communications

The first coded scheme actually to be launched into space was a
rate-1/2 convolutional code with constraint length ν = 20(220

states) for the Pioneer 1968 mission.

The receiver used 3-bit-quantized soft decisions and sequential
decoding implemented on a general-purpose 16-bit minicomputer
with a 1 MHz clock rate. At a rate of 512 b/s, the real coding gain
achieved at Pb(E) ≈ 5 · 10−3 was about 3.3 dB.

During the 1970s the NASA standard became a concatenated
coding scheme based on a rate-1/2, 64-state inner convolutional
code and a (255, 223, 33) Reed-Solomon outer code over F256 .

The overall rate of this code is 0.437, and it achieves an impressive
7.3 dB real coding gain at Pb(E) ≈ 10−5 , i.e., its gap to capacity is
only about 2.5 dB.
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Coding in Space Communications

When the primary antenna failed to deploy on the Galileo mission
(1992), an elaborate concatenated coding scheme using a rate-1/6,
214 -state inner convolutional code with a Big Viterbi Decoder
(BVD) and a set of variable-strength RS outer codes was
reprogrammed into the spacecraft computer.
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Coding in Space Communications

When the primary antenna failed to deploy on the Galileo mission
(1992), an elaborate concatenated coding scheme using a rate-1/6,
214 -state inner convolutional code with a Big Viterbi Decoder
(BVD) and a set of variable-strength RS outer codes was
reprogrammed into the spacecraft computer.

This scheme was able to achieve Pb(E) ≈ 2 · 10−7 at Eb/N0 = 0.8
dB, for a real coding gain of about 10.2 dB.
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Coding in Space Communications

When the primary antenna failed to deploy on the Galileo mission
(1992), an elaborate concatenated coding scheme using a rate-1/6,
214 -state inner convolutional code with a Big Viterbi Decoder
(BVD) and a set of variable-strength RS outer codes was
reprogrammed into the spacecraft computer.

This scheme was able to achieve Pb(E) ≈ 2 · 10−7 at Eb/N0 = 0.8
dB, for a real coding gain of about 10.2 dB.

Finally, within the last decade, turbo codes and LDPC codes for
deep-space communications have been developed to get within 1 dB
of the Shannon limit, and these are now becoming industry
standards.
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Coding in Modems

The first international standard to use coding was the V.32 standard
(1986) for 9600 b/s transmission over the public switched telephone
network (PSTN) (later raised to 14.4 kb/s in V.32bis).
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Coding in Modems

The first international standard to use coding was the V.32 standard
(1986) for 9600 b/s transmission over the public switched telephone
network (PSTN) (later raised to 14.4 kb/s in V.32bis).

This modem used an 8-state, 2-D rotationally invariant Wei trellis
code to achieve a real coding gain of about 3.5 dB with a 32-QAM
(later 128-QAM in V.32bis) constellation at 2400 symbols/s,
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Coding in Modems

The first international standard to use coding was the V.32 standard
(1986) for 9600 b/s transmission over the public switched telephone
network (PSTN) (later raised to 14.4 kb/s in V.32bis).

This modem used an 8-state, 2-D rotationally invariant Wei trellis
code to achieve a real coding gain of about 3.5 dB with a 32-QAM
(later 128-QAM in V.32bis) constellation at 2400 symbols/s,

The ultimate modem standard was V.34 (1994) for transmission at
up to 28.8 kb/s over the PSTN (later raised to 33.6 kb/s in
V.34bis).
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Coding in Modems

The first international standard to use coding was the V.32 standard
(1986) for 9600 b/s transmission over the public switched telephone
network (PSTN) (later raised to 14.4 kb/s in V.32bis).

This modem used an 8-state, 2-D rotationally invariant Wei trellis
code to achieve a real coding gain of about 3.5 dB with a 32-QAM
(later 128-QAM in V.32bis) constellation at 2400 symbols/s,

The ultimate modem standard was V.34 (1994) for transmission at
up to 28.8 kb/s over the PSTN (later raised to 33.6 kb/s in
V.34bis).

This modem used a 16-state, 4-D rotationally invariant Wei trellis
code to achieve a coding gain of about 4.0 dB with a variable-sized
QAM constellation with up to 1664 points.
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Coding in Modems

The first international standard to use coding was the V.32 standard
(1986) for 9600 b/s transmission over the public switched telephone
network (PSTN) (later raised to 14.4 kb/s in V.32bis).

This modem used an 8-state, 2-D rotationally invariant Wei trellis
code to achieve a real coding gain of about 3.5 dB with a 32-QAM
(later 128-QAM in V.32bis) constellation at 2400 symbols/s,

The ultimate modem standard was V.34 (1994) for transmission at
up to 28.8 kb/s over the PSTN (later raised to 33.6 kb/s in
V.34bis).

This modem used a 16-state, 4-D rotationally invariant Wei trellis
code to achieve a coding gain of about 4.0 dB with a variable-sized
QAM constellation with up to 1664 points.
An optional 32-state, 4-D trellis code with an additional coding gain
of 0.3 dB and four times the decoding complexity and a 64-state,
4-D code with a further 0.15 dB coding gain and a further four times
increase in complexity were also specified.
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Coding in Modems

The first international standard to use coding was the V.32 standard
(1986) for 9600 b/s transmission over the public switched telephone
network (PSTN) (later raised to 14.4 kb/s in V.32bis).

This modem used an 8-state, 2-D rotationally invariant Wei trellis
code to achieve a real coding gain of about 3.5 dB with a 32-QAM
(later 128-QAM in V.32bis) constellation at 2400 symbols/s,

The ultimate modem standard was V.34 (1994) for transmission at
up to 28.8 kb/s over the PSTN (later raised to 33.6 kb/s in
V.34bis).

This modem used a 16-state, 4-D rotationally invariant Wei trellis
code to achieve a coding gain of about 4.0 dB with a variable-sized
QAM constellation with up to 1664 points.
An optional 32-state, 4-D trellis code with an additional coding gain
of 0.3 dB and four times the decoding complexity and a 64-state,
4-D code with a further 0.15 dB coding gain and a further four times
increase in complexity were also specified.
A 16-D shell mapping constellation shaping scheme provided an
additional gain of about 0.8 dB.
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Coding in Modems

However, the V.34 standard was shortly superseded by V.90 (1998)
and V.92 (2000), which allow users to send data directly over the 56
or 64 kb/s digital backbones that are now nearly universal in the
PSTN.
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However, the V.34 standard was shortly superseded by V.90 (1998)
and V.92 (2000), which allow users to send data directly over the 56
or 64 kb/s digital backbones that are now nearly universal in the
PSTN.

Neither V.90 nor V.92 uses coding.
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Coding in Modems

However, the V.34 standard was shortly superseded by V.90 (1998)
and V.92 (2000), which allow users to send data directly over the 56
or 64 kb/s digital backbones that are now nearly universal in the
PSTN.

Neither V.90 nor V.92 uses coding.

Currently, coding techniques similar to those of V.34 are used in
higher speed wireline modems, such as digital subscriber line (DSL)
modems, as well as on digital cellular wireless channels.
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Coding in Modems

However, the V.34 standard was shortly superseded by V.90 (1998)
and V.92 (2000), which allow users to send data directly over the 56
or 64 kb/s digital backbones that are now nearly universal in the
PSTN.

Neither V.90 nor V.92 uses coding.

Currently, coding techniques similar to those of V.34 are used in
higher speed wireline modems, such as digital subscriber line (DSL)
modems, as well as on digital cellular wireless channels.

Capacity-approaching coding schemes are now normally included in
new wireless standards. In other words, bandwidth-limited coding
has moved to these newer, higher bandwidth settings.
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Coding in Wireless Standards

Digital mobile telephony, e.g. Global System for Mobile
Communication Standard (GSM)

interleaved convolutional code of memory 4 and rate R = 1/2.

Applications of turbo codes are summarized in the next frame.
summarized

Application turbo code termination polynomials rates
CCSDS (deep space) binary, 16-state tail bits 23, 35, 25, 37 1/6, 1/4, 1/3, 1/2
UMTS, CDMA2000 binary, 8-state tail bits 13, 15, 17 1/4, 1/3, 1/2
DVB-RCS duo-binary, 8-state circular 15, 13 1/3 upto 6/7
DVB-RCT duo-binary, 8-state circular 15, 13 1/2, 3/4
Inmarsat (Aero-H) binary, 8-state no 23, 35 1/2
Eutelsat (Skyplex) duo-binary, 8-state circular 15, 13 4/5, 6/7
IEEE 802.16 (WiMaX) duo-binary, 8-state circular 15,13 1/2 upto 7/8
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International Standard Book Number (ISBN)

The ISBN is a nine-digit code with a tenth digit, a check digit.
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International Standard Book Number (ISBN)

The ISBN is a nine-digit code with a tenth digit, a check digit.

ISBN use a weighted modulus-11 scheme
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International Standard Book Number (ISBN)

The ISBN is a nine-digit code with a tenth digit, a check digit.

ISBN use a weighted modulus-11 scheme

If a1, a2, · · · , a9 denotes the first nine digits of the ISBN number,
then the tenth digit (check digit) is calculated as follows:

a10 = (a1 + 2a2 + · · ·+ 9a9) mod 11
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International Standard Book Number (ISBN)

The ISBN is a nine-digit code with a tenth digit, a check digit.

ISBN use a weighted modulus-11 scheme

If a1, a2, · · · , a9 denotes the first nine digits of the ISBN number,
then the tenth digit (check digit) is calculated as follows:

a10 = (a1 + 2a2 + · · ·+ 9a9) mod 11

ISBN is a 10 digit number where the first group identifies the
language/country/region in which the book is published, the second
group identifies the publisher, the third group identifies the book
and the last digit is a check sum digit.
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International Standard Book Number (ISBN)

The ISBN is a nine-digit code with a tenth digit, a check digit.

ISBN use a weighted modulus-11 scheme

If a1, a2, · · · , a9 denotes the first nine digits of the ISBN number,
then the tenth digit (check digit) is calculated as follows:

a10 = (a1 + 2a2 + · · ·+ 9a9) mod 11

ISBN is a 10 digit number where the first group identifies the
language/country/region in which the book is published, the second
group identifies the publisher, the third group identifies the book
and the last digit is a check sum digit.

This code can detect transposition error.
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BookLand Bar Code

By Jan 1 2007, all 10-digit ISBN were replaced by the 13-digit
BookLand Bar Code.
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BookLand Bar Code

By Jan 1 2007, all 10-digit ISBN were replaced by the 13-digit
BookLand Bar Code.

A BookLand Bar Code starts with 978 followed by the first nine
digits of the ISBN and the 13th digit is a checksum calculated by

a1 + 3a2 + a3 + 3a4 + a5 + · · ·+ a11 + 3a12 + a13 = 0 mod 10.
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BookLand Bar Code

By Jan 1 2007, all 10-digit ISBN were replaced by the 13-digit
BookLand Bar Code.

A BookLand Bar Code starts with 978 followed by the first nine
digits of the ISBN and the 13th digit is a checksum calculated by

a1 + 3a2 + a3 + 3a4 + a5 + · · ·+ a11 + 3a12 + a13 = 0 mod 10.

When all the 10-digit numbers are used, a new prefix (979) will be
started.
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Universal Product Code (UPC)

The Universal Product Code is a standardization of barcodes which
were first used in 1973.
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Universal Product Code (UPC)

The Universal Product Code is a standardization of barcodes which
were first used in 1973.

The are different versions of UPC codes. The two most common are
the 12 digit UPC Version A and the 8 digit UPC Version E.
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A Universal Product Code consists of 12 digits.
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The Universal Product Code is a standardization of barcodes which
were first used in 1973.

The are different versions of UPC codes. The two most common are
the 12 digit UPC Version A and the 8 digit UPC Version E.

A Universal Product Code consists of 12 digits.

The first digit (from the left) is the UPC type.
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Universal Product Code (UPC)

The Universal Product Code is a standardization of barcodes which
were first used in 1973.

The are different versions of UPC codes. The two most common are
the 12 digit UPC Version A and the 8 digit UPC Version E.

A Universal Product Code consists of 12 digits.

The first digit (from the left) is the UPC type.
The next five digits are the Manufacturer code.
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Universal Product Code (UPC)

The Universal Product Code is a standardization of barcodes which
were first used in 1973.

The are different versions of UPC codes. The two most common are
the 12 digit UPC Version A and the 8 digit UPC Version E.

A Universal Product Code consists of 12 digits.

The first digit (from the left) is the UPC type.
The next five digits are the Manufacturer code.
The next five digits are the product code which is assigned by the
manufacturer.
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Universal Product Code (UPC)

The Universal Product Code is a standardization of barcodes which
were first used in 1973.

The are different versions of UPC codes. The two most common are
the 12 digit UPC Version A and the 8 digit UPC Version E.

A Universal Product Code consists of 12 digits.

The first digit (from the left) is the UPC type.
The next five digits are the Manufacturer code.
The next five digits are the product code which is assigned by the
manufacturer.
The final digit is the check digit.
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Universal Product Code (UPC)

The checked bit of a UPC can be calculated as follows.
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Universal Product Code (UPC)

The checked bit of a UPC can be calculated as follows.

Step 1: All digits in the odd positions are summed together.
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Universal Product Code (UPC)

The checked bit of a UPC can be calculated as follows.

Step 1: All digits in the odd positions are summed together.
Step 2: Multiply the sum from Step 1 by 3.

Adrish Banerjee Department of Electrical Engineering Indian Institute of Technology Kanpur Kanpur, Uttar Pradesh India

An introduction to coding theory

Universal Product Code (UPC)

The checked bit of a UPC can be calculated as follows.

Step 1: All digits in the odd positions are summed together.
Step 2: Multiply the sum from Step 1 by 3.
Step 3: All digits in the even positions are summed together.
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Universal Product Code (UPC)

The checked bit of a UPC can be calculated as follows.

Step 1: All digits in the odd positions are summed together.
Step 2: Multiply the sum from Step 1 by 3.
Step 3: All digits in the even positions are summed together.
Step 4: Sum together the results from Step 2 and Step 3.
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Universal Product Code (UPC)

The checked bit of a UPC can be calculated as follows.

Step 1: All digits in the odd positions are summed together.
Step 2: Multiply the sum from Step 1 by 3.
Step 3: All digits in the even positions are summed together.
Step 4: Sum together the results from Step 2 and Step 3.
Step 5: Subtract the sum from the next highest multiple of 10 to calculate

the check digit.
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Universal Product Code (UPC)

The checked bit of a UPC can be calculated as follows.

Step 1: All digits in the odd positions are summed together.
Step 2: Multiply the sum from Step 1 by 3.
Step 3: All digits in the even positions are summed together.
Step 4: Sum together the results from Step 2 and Step 3.
Step 5: Subtract the sum from the next highest multiple of 10 to calculate

the check digit.

It can be verified if the UPC is valid by observing the sum, s in Step
4. The sum, s, should be s = 0 ( mod 10).
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European Article Number (EAN)

It is a superset of the original 12-digit Universal Product Code
(UPC).
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European Article Number (EAN)

It is a superset of the original 12-digit Universal Product Code
(UPC).

In EAN-13 the symbol encodes 13 numerals divided into four parts:
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European Article Number (EAN)

It is a superset of the original 12-digit Universal Product Code
(UPC).

In EAN-13 the symbol encodes 13 numerals divided into four parts:

System code, the first two or three digits, usually identifying the
country in which the manufacturer is registered.
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European Article Number (EAN)

It is a superset of the original 12-digit Universal Product Code
(UPC).

In EAN-13 the symbol encodes 13 numerals divided into four parts:

System code, the first two or three digits, usually identifying the
country in which the manufacturer is registered.
Manufacturer code, consisting of four,five or six digits depending on
the length of the system or country code.
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European Article Number (EAN)

It is a superset of the original 12-digit Universal Product Code
(UPC).

In EAN-13 the symbol encodes 13 numerals divided into four parts:

System code, the first two or three digits, usually identifying the
country in which the manufacturer is registered.
Manufacturer code, consisting of four,five or six digits depending on
the length of the system or country code.
Product code, consisting of five digits.
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European Article Number (EAN)

It is a superset of the original 12-digit Universal Product Code
(UPC).

In EAN-13 the symbol encodes 13 numerals divided into four parts:

System code, the first two or three digits, usually identifying the
country in which the manufacturer is registered.
Manufacturer code, consisting of four,five or six digits depending on
the length of the system or country code.
Product code, consisting of five digits.
Check digit, a single checksum digit. The check digit is computed
modulo 10, where the weights in the checksum calculation alternate
1 and 3.
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Coding for Compact Disc (CD)

CD Basics:

The recording medium for CD players is a plastic disc 120 mm in
diameter used to store digitized audio in the form of minute pits
that are optically scanned by a laser.
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Coding for Compact Disc (CD)

CD Basics:

The recording medium for CD players is a plastic disc 120 mm in
diameter used to store digitized audio in the form of minute pits
that are optically scanned by a laser.

The audio waveform is sampled at 44.1 k samples/s to provide a
listening bandwidth of 20 kHz.
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diameter used to store digitized audio in the form of minute pits
that are optically scanned by a laser.

The audio waveform is sampled at 44.1 k samples/s to provide a
listening bandwidth of 20 kHz.

Each audio sample is uniformly quantized to one of 256 levels.
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CD Basics:

The recording medium for CD players is a plastic disc 120 mm in
diameter used to store digitized audio in the form of minute pits
that are optically scanned by a laser.

The audio waveform is sampled at 44.1 k samples/s to provide a
listening bandwidth of 20 kHz.

Each audio sample is uniformly quantized to one of 256 levels.

The resulting dynamic range is 96 dB and the total harmonic
distortion is less than 0.005 .
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CD Basics:

The recording medium for CD players is a plastic disc 120 mm in
diameter used to store digitized audio in the form of minute pits
that are optically scanned by a laser.

The audio waveform is sampled at 44.1 k samples/s to provide a
listening bandwidth of 20 kHz.

Each audio sample is uniformly quantized to one of 256 levels.

The resulting dynamic range is 96 dB and the total harmonic
distortion is less than 0.005 .

Sources of channel errors:
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Coding for Compact Disc (CD)

CD Basics:

The recording medium for CD players is a plastic disc 120 mm in
diameter used to store digitized audio in the form of minute pits
that are optically scanned by a laser.

The audio waveform is sampled at 44.1 k samples/s to provide a
listening bandwidth of 20 kHz.

Each audio sample is uniformly quantized to one of 256 levels.

The resulting dynamic range is 96 dB and the total harmonic
distortion is less than 0.005 .

Sources of channel errors:

small unwanted particles, air bubbles, or pit inaccuracies from the
manufacturing process, and

Adrish Banerjee Department of Electrical Engineering Indian Institute of Technology Kanpur Kanpur, Uttar Pradesh India

An introduction to coding theory

Coding for Compact Disc (CD)

CD Basics:

The recording medium for CD players is a plastic disc 120 mm in
diameter used to store digitized audio in the form of minute pits
that are optically scanned by a laser.

The audio waveform is sampled at 44.1 k samples/s to provide a
listening bandwidth of 20 kHz.

Each audio sample is uniformly quantized to one of 256 levels.

The resulting dynamic range is 96 dB and the total harmonic
distortion is less than 0.005 .

Sources of channel errors:

small unwanted particles, air bubbles, or pit inaccuracies from the
manufacturing process, and
fingerprints, scratches, or dust particles from handling.
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Coding for Compact Disc (CD)

Little bit of history:

At the time of the first meetings between Philips and Sony, Philips
had nearly perfected the optics of its compact disc players, but
Philips’ engineers were having serious problems controlling errors.
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Little bit of history:

At the time of the first meetings between Philips and Sony, Philips
had nearly perfected the optics of its compact disc players, but
Philips’ engineers were having serious problems controlling errors.

The slightest scratch or dust particle would obliterate hundreds of
bits.
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Coding for Compact Disc (CD)

Little bit of history:

At the time of the first meetings between Philips and Sony, Philips
had nearly perfected the optics of its compact disc players, but
Philips’ engineers were having serious problems controlling errors.

The slightest scratch or dust particle would obliterate hundreds of
bits.

Philips was very careful in its demonstrations to play only
exceptionally clean discs because its prototype could not tolerate the
smallest dust particles, much less scratches and fingerprints.
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Coding for Compact Disc (CD)

Little bit of history:

At the time of the first meetings between Philips and Sony, Philips
had nearly perfected the optics of its compact disc players, but
Philips’ engineers were having serious problems controlling errors.

The slightest scratch or dust particle would obliterate hundreds of
bits.

Philips was very careful in its demonstrations to play only
exceptionally clean discs because its prototype could not tolerate the
smallest dust particles, much less scratches and fingerprints.

Philips had tried a convolutional code because of the high coding
gain promised by this type of code.
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Coding for Compact Disc (CD)

Little bit of history:

At the time of the first meetings between Philips and Sony, Philips
had nearly perfected the optics of its compact disc players, but
Philips’ engineers were having serious problems controlling errors.

The slightest scratch or dust particle would obliterate hundreds of
bits.

Philips was very careful in its demonstrations to play only
exceptionally clean discs because its prototype could not tolerate the
smallest dust particles, much less scratches and fingerprints.

Philips had tried a convolutional code because of the high coding
gain promised by this type of code.

Unfortunately, the compact disc was basically a bursterror channel
and the convolutional code failed to correct bursts.
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Coding for Compact Disc (CD)

After a year of design meetings, Sony and Philips adopted a
powerful error control scheme called the cross-interleave
Reed-Solomon code (CIRC).
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Coding for Compact Disc (CD)

After a year of design meetings, Sony and Philips adopted a
powerful error control scheme called the cross-interleave
Reed-Solomon code (CIRC).

The CIRC controls errors through a hierarchy of four techniques:
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After a year of design meetings, Sony and Philips adopted a
powerful error control scheme called the cross-interleave
Reed-Solomon code (CIRC).

The CIRC controls errors through a hierarchy of four techniques:

The decoder provides a level of forward error correction.
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Coding for Compact Disc (CD)

After a year of design meetings, Sony and Philips adopted a
powerful error control scheme called the cross-interleave
Reed-Solomon code (CIRC).

The CIRC controls errors through a hierarchy of four techniques:

The decoder provides a level of forward error correction.
If the error burst exceeds the capability of forward error correction,
the decoder provides a level of erasure correction.
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Coding for Compact Disc (CD)

After a year of design meetings, Sony and Philips adopted a
powerful error control scheme called the cross-interleave
Reed-Solomon code (CIRC).

The CIRC controls errors through a hierarchy of four techniques:

The decoder provides a level of forward error correction.
If the error burst exceeds the capability of forward error correction,
the decoder provides a level of erasure correction.
If the error burst exceeds the capability of erasure correction, the
decoder hides unreliable samples by interpolating between reliable
neighbors.
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Coding for Compact Disc (CD)

After a year of design meetings, Sony and Philips adopted a
powerful error control scheme called the cross-interleave
Reed-Solomon code (CIRC).

The CIRC controls errors through a hierarchy of four techniques:

The decoder provides a level of forward error correction.
If the error burst exceeds the capability of forward error correction,
the decoder provides a level of erasure correction.
If the error burst exceeds the capability of erasure correction, the
decoder hides unreliable samples by interpolating between reliable
neighbors.
If the error burst exceeds the capability of the interpolator, the
decoder blanks out, or mutes the system for the duration of the
unreliable samples.
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Coding for Compact Disc (CD)

The resulting performance of the CIRC scheme.

Error correction: error burst of length up to 4000 bits (2.5 mm long
scratch)
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Coding for Compact Disc (CD)

The resulting performance of the CIRC scheme.

Error correction: error burst of length up to 4000 bits (2.5 mm long
scratch)

Error detection: error burst of length up to 12000 bits (7.5 mm long
scratch)
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Coding for Compact Disc (CD)

The resulting performance of the CIRC scheme.

Error correction: error burst of length up to 4000 bits (2.5 mm long
scratch)

Error detection: error burst of length up to 12000 bits (7.5 mm long
scratch)

the lost samples are reconstructed using interpolation.
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Coding for Compact Disc (CD)

The resulting performance of the CIRC scheme.

Error correction: error burst of length up to 4000 bits (2.5 mm long
scratch)

Error detection: error burst of length up to 12000 bits (7.5 mm long
scratch)

the lost samples are reconstructed using interpolation.

Error rate upto 10−3
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Coding for Compact Disc (CD)

The resulting performance of the CIRC scheme.

Error correction: error burst of length up to 4000 bits (2.5 mm long
scratch)

Error detection: error burst of length up to 12000 bits (7.5 mm long
scratch)

the lost samples are reconstructed using interpolation.

Error rate upto 10−3

Undetected errors occur approximately every 750 hours.
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Coding for Compact Disc (CD)

The resulting performance of the CIRC scheme.

Error correction: error burst of length up to 4000 bits (2.5 mm long
scratch)

Error detection: error burst of length up to 12000 bits (7.5 mm long
scratch)

the lost samples are reconstructed using interpolation.

Error rate upto 10−3

Undetected errors occur approximately every 750 hours.

The compact disc can endure 8 mm holes punched through the disc
without noticeable effect.
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Coding for satellite communications

In 2005 DVB-S2 became the first standard to adopt LDPC codes.
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Coding for satellite communications

In 2005 DVB-S2 became the first standard to adopt LDPC codes.

It is the de-facto standard for high-speed satellite communication.
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Coding for satellite communications

In 2005 DVB-S2 became the first standard to adopt LDPC codes.

It is the de-facto standard for high-speed satellite communication.

Throughputs are typically less than 100 Mbit/s on the air interface.
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Coding for satellite communications

In 2005 DVB-S2 became the first standard to adopt LDPC codes.

It is the de-facto standard for high-speed satellite communication.

Throughputs are typically less than 100 Mbit/s on the air interface.

Together with an outer BCH decoder, the forward error correction of
the DVB-S2 standard achieves an outstanding error correction
performance.
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Coding for satellite communications

In 2005 DVB-S2 became the first standard to adopt LDPC codes.

It is the de-facto standard for high-speed satellite communication.

Throughputs are typically less than 100 Mbit/s on the air interface.

Together with an outer BCH decoder, the forward error correction of
the DVB-S2 standard achieves an outstanding error correction
performance.

Blocklength: 16200. Supported rates: 1/5, 1/3, 2/5, 4/9, 3/5, 2/3,
11/15, 7/9, 37/45, 8/9
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Coding for satellite communications

In 2005 DVB-S2 became the first standard to adopt LDPC codes.

It is the de-facto standard for high-speed satellite communication.

Throughputs are typically less than 100 Mbit/s on the air interface.

Together with an outer BCH decoder, the forward error correction of
the DVB-S2 standard achieves an outstanding error correction
performance.

Blocklength: 16200. Supported rates: 1/5, 1/3, 2/5, 4/9, 3/5, 2/3,
11/15, 7/9, 37/45, 8/9

Blocklength: 64800. Supported rates: 1/4, 1/3, 2/5, 1/2, 3/5, 2/3,
3/4, 4/5, 5/6, 8/9, 9/10
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Coding for satellite communications

DVB-S2X is the next generation satellite transmission standard
which is an extended version of its well-established predecessor
DVB-S2.
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Coding for satellite communications

DVB-S2X is the next generation satellite transmission standard
which is an extended version of its well-established predecessor
DVB-S2.

The new specification allows for spectral efficiency gains of up to
50% by offering higher modulations and a finer code rate granularity
compared to DVB-S2.
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Coding for satellite communications

DVB-S2X is the next generation satellite transmission standard
which is an extended version of its well-established predecessor
DVB-S2.

The new specification allows for spectral efficiency gains of up to
50% by offering higher modulations and a finer code rate granularity
compared to DVB-S2.

Blocklength: 16200. Supported rates: 1/5, 1/3, 2/5, 4/9, 3/5, 2/3,
11/15, 7/9, 37/45, 8/9 (DVB-S2). 11/45, 4/15, 14/45, 7/15, 8/15,
26/45, 32/45 (DVB-S2X)
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Coding for satellite communications

DVB-S2X is the next generation satellite transmission standard
which is an extended version of its well-established predecessor
DVB-S2.

The new specification allows for spectral efficiency gains of up to
50% by offering higher modulations and a finer code rate granularity
compared to DVB-S2.

Blocklength: 16200. Supported rates: 1/5, 1/3, 2/5, 4/9, 3/5, 2/3,
11/15, 7/9, 37/45, 8/9 (DVB-S2). 11/45, 4/15, 14/45, 7/15, 8/15,
26/45, 32/45 (DVB-S2X)

Blocklength: 64800. Supported rates: 1/4, 1/3, 2/5, 1/2, 3/5, 2/3,
3/4, 4/5, 5/6, 8/9, 9/10 (DVB-S2). 2/9, 13/45, 9/20, 90/180,
96/180, 11/20, 100/180, 26/45, 18/30, 28/45, 23/36, 116/180,
20/30, 124/180, 25/36, 128/180, 13/18, 22/30, 135/180, 7/9,
154/180 (DVB-S2X)
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Coding for Deep Space Applications

The CCSDS (The Consultative Committee for Space Data Systems)
published an ”experimental specification” for near-earth and deep
space communication in 2007.
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Coding for Deep Space Applications

The CCSDS (The Consultative Committee for Space Data Systems)
published an ”experimental specification” for near-earth and deep
space communication in 2007.

In 2011 the LDPC codes were adopted as ”recommended standard”.

S. No Blocksize Information Word Code Rate
1 8176 7154 7/8
2 1280 1024 4/5
3 1536 1024 2/3
4 2048 1024 1/2
5 5120 4096 4/5
6 6144 4096 2/3
7 8192 4096 1/2
8 20480 16384 4/5
9 24576 16384 2/3
10 32768 16384 1/2
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Coding for Local/Metropolitan Area Networks

The IEEE 802.3 standard defines 10 gigabit Ethernet and was first
published in 2002.
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Coding for Local/Metropolitan Area Networks

The IEEE 802.3 standard defines 10 gigabit Ethernet and was first
published in 2002.

In 2006 the IEEE 802.3an standard was released as an amendment
to IEEE 802.3-2005.
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Coding for Local/Metropolitan Area Networks

The IEEE 802.3 standard defines 10 gigabit Ethernet and was first
published in 2002.

In 2006 the IEEE 802.3an standard was released as an amendment
to IEEE 802.3-2005.

This amendment (10 GBASE-T) defines the 10 gigabit transmission
over shielded or unshielded twisted pair cables for distances of up to
100 m. It uses LDPC codes for forward error correction.
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Coding for Local/Metropolitan Area Networks

The IEEE 802.3 standard defines 10 gigabit Ethernet and was first
published in 2002.

In 2006 the IEEE 802.3an standard was released as an amendment
to IEEE 802.3-2005.

This amendment (10 GBASE-T) defines the 10 gigabit transmission
over shielded or unshielded twisted pair cables for distances of up to
100 m. It uses LDPC codes for forward error correction.

The IEEE 802.3an amendment was consolidated into IEEE
802.3-2008.
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Coding for Local/Metropolitan Area Networks

The IEEE 802.3 standard defines 10 gigabit Ethernet and was first
published in 2002.

In 2006 the IEEE 802.3an standard was released as an amendment
to IEEE 802.3-2005.

This amendment (10 GBASE-T) defines the 10 gigabit transmission
over shielded or unshielded twisted pair cables for distances of up to
100 m. It uses LDPC codes for forward error correction.

The IEEE 802.3an amendment was consolidated into IEEE
802.3-2008.

10 GBASE-T contains a special class of LDPC codes (so-called
Reed-Solomon code-based LDPC codes or RS-LDPC codes). A
Reed-Solomon code is used to define the generator matrix of the
LDPC code. The LDPC code construction method guarantees that
no cycles of length four are contained within the Tanner graph.
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Coding in Wireless Communications

IEEE 802.11n is the successor of the IEEE 802.11a/b/g standards.
It is particularly designed for higher throughputs.
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Coding in Wireless Communications

IEEE 802.11n is the successor of the IEEE 802.11a/b/g standards.
It is particularly designed for higher throughputs.

In contrast to the previous IEEE 802.11 standards, 11n can use
multiple antennas (MIMO) allowing for the transmission of multiple
data streams in parallel.
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Coding in Wireless Communications

IEEE 802.11n is the successor of the IEEE 802.11a/b/g standards.
It is particularly designed for higher throughputs.

In contrast to the previous IEEE 802.11 standards, 11n can use
multiple antennas (MIMO) allowing for the transmission of multiple
data streams in parallel.

The throughput of each data stream can be as high as 150 Mbit/s
on the air interface. With a maximum of four antennas up to 600
Mbit/s are defined within the standard.
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Coding in Wireless Communications

IEEE 802.11n is the successor of the IEEE 802.11a/b/g standards.
It is particularly designed for higher throughputs.

In contrast to the previous IEEE 802.11 standards, 11n can use
multiple antennas (MIMO) allowing for the transmission of multiple
data streams in parallel.

The throughput of each data stream can be as high as 150 Mbit/s
on the air interface. With a maximum of four antennas up to 600
Mbit/s are defined within the standard.

IEEE 802.11n defines twelve LDPC codes. Convolutional coding is
mandatory, usage of LDPC coding is optional.
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Coding in Wireless Communications

IEEE 802.11n is the successor of the IEEE 802.11a/b/g standards.
It is particularly designed for higher throughputs.

In contrast to the previous IEEE 802.11 standards, 11n can use
multiple antennas (MIMO) allowing for the transmission of multiple
data streams in parallel.

The throughput of each data stream can be as high as 150 Mbit/s
on the air interface. With a maximum of four antennas up to 600
Mbit/s are defined within the standard.

IEEE 802.11n defines twelve LDPC codes. Convolutional coding is
mandatory, usage of LDPC coding is optional.

The IEEE 802.11n codes are reused within the IEEE 802.11ac
standard that is intended to further increase the transmission speed.
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Coding in Wireless Communications

IEEE 802.11n is the successor of the IEEE 802.11a/b/g standards.
It is particularly designed for higher throughputs.

In contrast to the previous IEEE 802.11 standards, 11n can use
multiple antennas (MIMO) allowing for the transmission of multiple
data streams in parallel.

The throughput of each data stream can be as high as 150 Mbit/s
on the air interface. With a maximum of four antennas up to 600
Mbit/s are defined within the standard.

IEEE 802.11n defines twelve LDPC codes. Convolutional coding is
mandatory, usage of LDPC coding is optional.

The IEEE 802.11n codes are reused within the IEEE 802.11ac
standard that is intended to further increase the transmission speed.

Blocklength: 648. Supported rates: 1/2, 2/3, 3/4, 5/6
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Coding in Wireless Communications

IEEE 802.11n is the successor of the IEEE 802.11a/b/g standards.
It is particularly designed for higher throughputs.

In contrast to the previous IEEE 802.11 standards, 11n can use
multiple antennas (MIMO) allowing for the transmission of multiple
data streams in parallel.

The throughput of each data stream can be as high as 150 Mbit/s
on the air interface. With a maximum of four antennas up to 600
Mbit/s are defined within the standard.

IEEE 802.11n defines twelve LDPC codes. Convolutional coding is
mandatory, usage of LDPC coding is optional.

The IEEE 802.11n codes are reused within the IEEE 802.11ac
standard that is intended to further increase the transmission speed.

Blocklength: 648. Supported rates: 1/2, 2/3, 3/4, 5/6

Blocklength: 1296. Supported rates: 1/2, 2/3, 3/4, 5/6
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Coding in Wireless Communications

IEEE 802.11n is the successor of the IEEE 802.11a/b/g standards.
It is particularly designed for higher throughputs.

In contrast to the previous IEEE 802.11 standards, 11n can use
multiple antennas (MIMO) allowing for the transmission of multiple
data streams in parallel.

The throughput of each data stream can be as high as 150 Mbit/s
on the air interface. With a maximum of four antennas up to 600
Mbit/s are defined within the standard.

IEEE 802.11n defines twelve LDPC codes. Convolutional coding is
mandatory, usage of LDPC coding is optional.

The IEEE 802.11n codes are reused within the IEEE 802.11ac
standard that is intended to further increase the transmission speed.

Blocklength: 648. Supported rates: 1/2, 2/3, 3/4, 5/6

Blocklength: 1296. Supported rates: 1/2, 2/3, 3/4, 5/6

Blocklength: 1944. Supported rates: 1/2, 2/3, 3/4, 5/6
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Coding in Wireless Communications

IEEE 802.15.3-2003 is a standard for high data rate wireless
personal area networks (WPAN).
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Coding in Wireless Communications

IEEE 802.15.3-2003 is a standard for high data rate wireless
personal area networks (WPAN).

The IEEE 802.15.3c-2009 amendment describes an alternative PHY
layer to the IEEE 802.15.3-2003 standard. The new mmWave PHY
layer operates in the 60 GHz band (57 - 64 GHz) and allows for air
throughputs of up to 5 Gbit/s.
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Coding in Wireless Communications

IEEE 802.15.3-2003 is a standard for high data rate wireless
personal area networks (WPAN).

The IEEE 802.15.3c-2009 amendment describes an alternative PHY
layer to the IEEE 802.15.3-2003 standard. The new mmWave PHY
layer operates in the 60 GHz band (57 - 64 GHz) and allows for air
throughputs of up to 5 Gbit/s.

The standard uses LDPC codes for these high data rate modes. In
particular, the single carrier (SC) mode and the high speed interface
(HSI) mode use LDPC codes.
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Coding in Wireless Communications

IEEE 802.15.3-2003 is a standard for high data rate wireless
personal area networks (WPAN).

The IEEE 802.15.3c-2009 amendment describes an alternative PHY
layer to the IEEE 802.15.3-2003 standard. The new mmWave PHY
layer operates in the 60 GHz band (57 - 64 GHz) and allows for air
throughputs of up to 5 Gbit/s.

The standard uses LDPC codes for these high data rate modes. In
particular, the single carrier (SC) mode and the high speed interface
(HSI) mode use LDPC codes.

The standard defines five LDPC codes with two block lengths. In
order to satisfy the high throughput requirements, special decoder
architectures with an increased parallelism become mandatory.
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Coding in Wireless Communications

IEEE 802.15.3-2003 is a standard for high data rate wireless
personal area networks (WPAN).

The IEEE 802.15.3c-2009 amendment describes an alternative PHY
layer to the IEEE 802.15.3-2003 standard. The new mmWave PHY
layer operates in the 60 GHz band (57 - 64 GHz) and allows for air
throughputs of up to 5 Gbit/s.

The standard uses LDPC codes for these high data rate modes. In
particular, the single carrier (SC) mode and the high speed interface
(HSI) mode use LDPC codes.

The standard defines five LDPC codes with two block lengths. In
order to satisfy the high throughput requirements, special decoder
architectures with an increased parallelism become mandatory.

Blocklength: 672. Supported rates: 1/2, 3/4, 5/8, 7/8.
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Coding in Wireless Communications

IEEE 802.15.3-2003 is a standard for high data rate wireless
personal area networks (WPAN).

The IEEE 802.15.3c-2009 amendment describes an alternative PHY
layer to the IEEE 802.15.3-2003 standard. The new mmWave PHY
layer operates in the 60 GHz band (57 - 64 GHz) and allows for air
throughputs of up to 5 Gbit/s.

The standard uses LDPC codes for these high data rate modes. In
particular, the single carrier (SC) mode and the high speed interface
(HSI) mode use LDPC codes.

The standard defines five LDPC codes with two block lengths. In
order to satisfy the high throughput requirements, special decoder
architectures with an increased parallelism become mandatory.

Blocklength: 672. Supported rates: 1/2, 3/4, 5/8, 7/8.

Blocklength: 1440. Supported rates: 14/15.
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Coding in Wireless Communications

Along with DVB-S2 and the drafts of IEEE 802.11n, Mobile WiMAX
(Worldwide Interoperability for Microwave Access) was one of the
first standards to adopt LDPC codes for forward error correction.
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Coding in Wireless Communications

Along with DVB-S2 and the drafts of IEEE 802.11n, Mobile WiMAX
(Worldwide Interoperability for Microwave Access) was one of the
first standards to adopt LDPC codes for forward error correction.

Mobile WiMAX was first defined in IEEE 802.16e-2005 as an
amendment to IEEE 802.16-2004, and later consolidated into IEEE
802.16-2009.
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Coding in Wireless Communications

Along with DVB-S2 and the drafts of IEEE 802.11n, Mobile WiMAX
(Worldwide Interoperability for Microwave Access) was one of the
first standards to adopt LDPC codes for forward error correction.

Mobile WiMAX was first defined in IEEE 802.16e-2005 as an
amendment to IEEE 802.16-2004, and later consolidated into IEEE
802.16-2009.

The throughputs of WiMAX systems are typically much less than
100 Mbit/s. Using the LDPC codes is optional.
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Coding in Wireless Communications

Along with DVB-S2 and the drafts of IEEE 802.11n, Mobile WiMAX
(Worldwide Interoperability for Microwave Access) was one of the
first standards to adopt LDPC codes for forward error correction.

Mobile WiMAX was first defined in IEEE 802.16e-2005 as an
amendment to IEEE 802.16-2004, and later consolidated into IEEE
802.16-2009.

The throughputs of WiMAX systems are typically much less than
100 Mbit/s. Using the LDPC codes is optional.

The standard offers the highest block length flexibility of all
standards that apply LDPC codes. Overall 19 block lengths are
defined.
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Coding in Wireless Communications

Along with DVB-S2 and the drafts of IEEE 802.11n, Mobile WiMAX
(Worldwide Interoperability for Microwave Access) was one of the
first standards to adopt LDPC codes for forward error correction.

Mobile WiMAX was first defined in IEEE 802.16e-2005 as an
amendment to IEEE 802.16-2004, and later consolidated into IEEE
802.16-2009.

The throughputs of WiMAX systems are typically much less than
100 Mbit/s. Using the LDPC codes is optional.

The standard offers the highest block length flexibility of all
standards that apply LDPC codes. Overall 19 block lengths are
defined.

Each block length comes with four code rates. All in all, 114 LDPC
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Along with DVB-S2 and the drafts of IEEE 802.11n, Mobile WiMAX
(Worldwide Interoperability for Microwave Access) was one of the
first standards to adopt LDPC codes for forward error correction.

Mobile WiMAX was first defined in IEEE 802.16e-2005 as an
amendment to IEEE 802.16-2004, and later consolidated into IEEE
802.16-2009.

The throughputs of WiMAX systems are typically much less than
100 Mbit/s. Using the LDPC codes is optional.

The standard offers the highest block length flexibility of all
standards that apply LDPC codes. Overall 19 block lengths are
defined.

Each block length comes with four code rates. All in all, 114 LDPC
codes are contained within the WiMAX standard. However, only six
parity check matrices are used to derive all other matrices.

The usage of LDPC coding is optional, only convolutional coding is
mandatory.
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IEEE 802.22 is a standard for wireless broadband access that uses
the so-called white spaces between occupied channels in the TV
frequency spectrum.

The aim of the standard is to bring broadband access to low
population density areas.

The maximum data rate is about 20 Mbit/s.

Due to its cognitive radio techniques, it has the potential to be
applied in many regions worldwide.

The standard uses the WiMAX (IEEE 802.16) LDPC codes as LDPC
code basis. Compared to WiMAX two new block lengths are
introduced (384 and 480 bits).

LDPC coding is optional, only convolutional coding is mandatory.
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