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

 
Finite state diagram does not contain any information in time

  State diagram expanded by temporal component results in 
Trellis diagram



 
Example: (2,1,3)-code with generators g1 = 78

 

and g2 = 58

Trellis Diagram
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Terminated Convolutional Codes



 
Appending tail bits to information sequence u

  encoder stops in a predefined state (usually state 0) 
 reliable decoding of the last information bits



 
Number of tail bits equals memory of encoder (adding m

 
zeroes)



 
Adding tail bits reduces the code rate:
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Complexity of ML Decoding



 
Computational complexity of direct approach grows exponentially with sequence 
length

  prohibitively high!


 

For N
 

= 100
 

information bits, 2100

 



 
1.27·1030

 

comparisons



 
Breakthrough for convolutional codes came with invention of 
Viterbi algorithm

 
in 1967



 

Complexity depends only linearly on sequence length


 

But complexity still grows exponentially with memory of encoder 
(compare with number of states in trellis diagram)



 
Trick: exploitation of Markov property of encoder
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

 
Example : (2,1,3)-code with generators g1 = 78

 

and g2 = 58



 
Information sequence: u

 
= [1 0 0 1 | 0 0]
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Viterbi Decoding of Convolutional Codes
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Viterbi Algorithm



 

Start trellis in state 0



 

Calculate correlation between

 

y(l)

 

and any possible code word a(l)


 

Add the incremental path metric (correlation) to the old cumulative state metric Mj

 

(l-1), 
j

 

= 0,…,2m-1


 

Select for each state the path with smallest cumulative metric (Euclidian distance) and discard 
the other paths 


 

effort increases only linearly with observation length (not exponentially)


 

Return to step 2) until all N

 

received words have been processed



 

End of the Trellis


 

Terminated code (trellis ends in state 0):  select path with best metric M0

 

(N),


 

Truncated code:  select path with the overall best metric Mj

 

(N)



 

Trace back the path selected in 6) (survivor) and output the corresponding information bits
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Performance of Convolutional Codes


 
Quantizing received sequence before decoding wastes information


 

Hard-Decision (q
 

= 2): Strong performance degradation


 

3-bit quantization (q
 

= 8): only a small performance degradation
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Performance of Convolutional Codes
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Influence of code rate
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

 
The larger the constraint length, the higher the performance (and the decoding 
complexity)



 
Performance increases with decreasing code rate
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Thanks for your attention!


