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Introduction

❚ Most optimised designs based on S-random interleaver
❙ A random interleaver with a given spread
❙ Good performance for two-dimensional codes
❙ Modifications proposed to improve performance in specific cases

❚ Deficiencies of the S-random algorithm
❙ Not guaranteed to find a solution (even sub-optimal)
❙ Ignores distribution of distance pairs beyond spread boundary
❙ Inclusion of complex design criteria is quite involved

❚ Aim: an interleaver design algorithm adaptable for more 
advanced research



Overview

❚ Introduction
❚ Interleavers for large blocks

❙ Demonstrate independence from termination issue
❙ Review requirements for good interleaver design

❘ Randomness
❘ Spread

❙ Introduce Input-Output Distance Spectrum (IODS)
❙ Proposal for interleaver optimisation

❚ Interleavers for small blocks
❙ Fair evaluation of effect of termination

❚ Conclusions



Independence from Termination

❚ Effect of trellis 
termination is 
minimal for large 
blocks with a 
uniform (average) 
interleaver

❚ FER performance is 
comparable to BER 
performance
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Regular Interleavers

❚ Regular interleavers 
perform poorly - this 
is explained by 
codeword weight 
arguments

❚ FER performance is 
comparable to BER 
performance, except 
for the Helical 
interleaver
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Regular Interleavers - FER

❚ Helical interleaver 
performs better 
than rectangular 
interleavers, but 
worse than the 
uniform interleaver
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Pitfall of Regularity

❚ Regular interleavers fail to break 
certain low-weight input sequences

❚ This causes interleaved and non-
interleaved parity sequences to 
have low weight

❚ Resultant low-weight codeword 
dominates code performance at 
medium-high SNR

0 0

0

. . . 0 0 0

. . . . . . 0

1 0 0 1
0

0

1 10 0

0 0

00 0

0

.

.

.

.

. . . . . . . .

0 . . . . . . 0
0 0 0 . . . 0 0

.

.

.

.

.

.

.

.

.

.

.

.

Write



Effect of Randomisation

❚ Randomness 
improves 
performance by 
breaking low-weight 
codewords

❚ FER performance is 
comparable to BER 
performance
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Spread Requirement

❚ Errors affect bits 
within 5ν

❚ Closer bits are 
affected most

❚ Effect is symmetric 
due to the two-way 
nature of the BCJR 
decoding algorithm

0 20 40 60 80 100
Bit Position in Block

10
1

10
2

10
3

10
4

10
5

10
6

10
7

10
8

10
9

C
on

fid
en

ce



Interleaver Requirements

❚ Randomness
❙ Breaks low-weight codewords
❙ May also affect the iterative nature of the decoder by reducing 

correlation between parity sequences

❚ Spread
❙ Disrupts error bursts between successive decoders
❙ Required spread depends on component encoder memory
❙ We argue that multiplicity of spread factors close to the 

minimum should be considered because of spectral thinning



Input-Output Distance Spectrum

❚ Interleaver spread is 
the largest empty 
square with one 
corner at the origin

❚ Multiplicity at the 
spread boundary is 
the number of 
points closest to the 
origin
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Interleaver Optimisation by 
Simulated Annealing

❚ System energy is 
given by:

where the sum is 
over all bit-pairs and 
the subscript is the 
distance from the 
origin in the IODS

❚ Points close to the 
origin have a higher 
energy

10 20 30 40 50 60 70 80 90

10

20

30

40

50

60

70

80

90

100

Input Distance

O
ut

pu
t D

is
ta

nc
e

∑
−+−

=
ji jiji

E
,

22 )]()([)(
5

λλ
ν



Performance of
Optimised Interleavers

❚ Performance is 
improved at 
medium-high SNR

❚ FER performance is 
comparable to BER 
performance
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Termination in
Uniform Small Interleavers

❚ Performance at 
medium-high SNR 
for the uniform 
interleaver is slightly 
improved at high 
SNR by termination

❚ Improvement of 
FER performance is 
more pronounced
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Termination in
Uniform Small Interleavers - FER

❚ Improvement of 
FER performance is 
more pronounced 
than BER
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Termination in
Optimised Small Interleavers

❚ Effect of 
termination is 
much less 
pronounced for 
optimised 
interleavers

❚ FER performance 
is comparable to 
BER 
performance
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Conclusions

❚ Our interleaver design technique improves performance, 
compared with regular or partly-randomised designs.

❚ Performance is at least as good as the standard
S-random algorithm.

❚ It is easier to include more sophisticated design criteria
❙ Encoder-matched interleaver design
❙ Interleaver design for punctured codes
❙ Turbo codes of larger dimensionality

❚ The effect of termination on optimised interleavers is 
negligible, and thus its use is discouraged.


