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Wireless Communication Systems
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YearYear Rate Rate ½½ CodeCode SNR Required SNR Required 

for BER < 10for BER < 10--55

19481948 SHANNONSHANNON 0dB0dB

19671967 (255,123) BCH (255,123) BCH 5.4dB5.4dB

19771977 Convolutional CodeConvolutional Code 4.5dB4.5dB

19931993 Iterative Turbo CodeIterative Turbo Code 0.7dB0.7dB

20012001 Iterative LDPC CodeIterative LDPC Code 0.0245dB0.0245dB
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Power Efficiency of Standard
Binary Channel Codes
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Concatenation of 
STB Codes with Channel Codes
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LDPC Encoder & Decoder

LDPC Decoder:
Parity Check equations
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LDPC Encoder :
Code Generation Matrix
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Coding Rate:  R = k/n)dk,(n, min
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Minimum Distance Property of Codes
For linear codes, the number of 
low weight codes is equal to the 
number of occurrences of low 
distance codes

� We use Interleaver  in Turbo 
codes to avoid low weight codes
� We use sparse H matrix 
instead of using sparse G matrix 
in LDPC

Higher minimum distance = Stronger code

D (10001011101,11001011111) = 2   Hamming Distance
W(01000000010) = 2                        Hamming Weight
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�LDPC Codes Presentation:
Tanner Graph
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LDPC Code Generation Solutions
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LDPC Decoding Approaches
(Belief Propagation Algorithm)
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Bit Flipping
(Successful Decoding )
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Bit Flipping
(Unsuccessful Decoding )
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Belief Propagation Decoding



Message Passing (Odd Rounds)
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Message Passing (Even Rounds)
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Space-Time Codes
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Space-Time Block Coding
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Performance Comparison of different  
Space-Time Block Codes 
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MIMO systems capacity in Rayleigh 
fading channels
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Alamouti’s Space-Time Block Codes
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STBC
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Turbo Coder
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Turbo Code design parameters
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RSC1

RSC2

Inerleaver

Codeword 
(Low weight)�

Codeword 
(High weight)�

Input bits

1. To decrease burst error effect
2. To avoid codewords with low weight

Interleaver Advantages



��

����������	
������
�
��������
�����$

�����������+�.�/ + + ++0
�����������,�.�/ 1 +1 +0
������������+�.�/ +�+�+0
������������,�.�/ +�+�+0

Rate = L / (3L + 12) � 1/3

@

Output bits for RSC encoder1
� �

� � � � � �

� � � � � �

� �

2

2

� � � � � �

� � � � � �

Output bits for RSC encoder2

� �

� � � � � �

� � � � � �

� �

2

2

� � � � � �

� � � � � �

Without puncturing
�����������+�.�/ + + +10
�����������,�.�/ 1 1 1 +0
������������+�.�/ +�+�+0
������������,�.�/ +�+�+0

Rate = L / (2L + 12) � 1/2



��

Component 
Encoder
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RSC1

RSC2 De Int.
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Multi Branch Turbo Codes
Systema
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Multi Branch Turbo Decoder Structure 
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Comparison of Turbo and LDPC
Common Advantages
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Comparison of Turbo and LDPC
LDPC Advantages
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Comparison of Turbo and LDPC
Turbo Advantages

�D 6�%�����������
�������(�$���#(����(��%
�
�D 7�#�
�
��� ��"��%� �

�� #�� 
"��
��%� "�����"�

�'��
'���%�
(%���
��



Concatenation of LDPC & 
STBC
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Further Studies
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