
University of Wollongong - Research Online
Thesis Collection

Title: On the design of turbo codes with convolutional interleavers

Author: S Vafi

Year: 2005

Repository DOI:

Copyright Warning 
You may print or download ONE copy of this document for the purpose of your own research or study. The
University does not authorise you to copy, communicate or otherwise make available electronically to any
other person any copyright material contained on this site. 
You are reminded of the following: This work is copyright. Apart from any use permitted under the Copyright
Act 1968, no part of this work may be reproduced by any process, nor may any other exclusive right be
exercised, without the permission of the author. Copyright owners are entitled to take legal action against
persons who infringe their copyright. A reproduction of material that is protected by copyright may be a
copyright infringement. A court may impose penalties and award damages in relation to offences and
infringements relating to copyright material.
Higher penalties may apply, and higher damages may be awarded, for offences and infringements involving
the conversion of material into digital or electronic form.

Unless otherwise indicated, the views expressed in this thesis are those of the author and do not necessarily
represent the views of the University of Wollongong.

Research Online is the open access repository for the University of Wollongong. For further information
contact the UOW Library: research-pubs@uow.edu.au

https://dx.doi.org/
mailto:research-pubs@uow.edu.au


University of Wollongong University of Wollongong 

Research Online Research Online 

University of Wollongong Thesis Collection 
1954-2016 University of Wollongong Thesis Collections 

2005 

On the design of turbo codes with convolutional interleavers On the design of turbo codes with convolutional interleavers 

S. Vafi 
University of Wollongong, sina@uow.edu.au 

Follow this and additional works at: https://ro.uow.edu.au/theses 

University of Wollongong University of Wollongong 

Copyright Warning Copyright Warning 

You may print or download ONE copy of this document for the purpose of your own research or study. The University 

does not authorise you to copy, communicate or otherwise make available electronically to any other person any 

copyright material contained on this site. 

You are reminded of the following: This work is copyright. Apart from any use permitted under the Copyright Act 

1968, no part of this work may be reproduced by any process, nor may any other exclusive right be exercised, 

without the permission of the author. Copyright owners are entitled to take legal action against persons who infringe 

their copyright. A reproduction of material that is protected by copyright may be a copyright infringement. A court 

may impose penalties and award damages in relation to offences and infringements relating to copyright material. 

Higher penalties may apply, and higher damages may be awarded, for offences and infringements involving the 

conversion of material into digital or electronic form. 

Unless otherwise indicated, the views expressed in this thesis are those of the author and do not necessarily Unless otherwise indicated, the views expressed in this thesis are those of the author and do not necessarily 

represent the views of the University of Wollongong. represent the views of the University of Wollongong. 

Recommended Citation Recommended Citation 
Vafi, Sina, On the design of turbo codes with convolutional interleavers, PhD thesis, School of Electrical, 
Computer and Telecommunications Engineering, University of Wollongong, 2005. http://ro.uow.edu.au/
theses/428 

Research Online is the open access institutional repository for the University of Wollongong. For further information 
contact the UOW Library: research-pubs@uow.edu.au 

https://ro.uow.edu.au/
https://ro.uow.edu.au/theses
https://ro.uow.edu.au/theses
https://ro.uow.edu.au/thesesuow
https://ro.uow.edu.au/theses?utm_source=ro.uow.edu.au%2Ftheses%2F428&utm_medium=PDF&utm_campaign=PDFCoverPages




On the Design of Turbo Codes with
Convolutional Interleavers

A thesis submitted in fulfilment of the
requirements for the award of the degree

Doctor of Philosophy

from

THE UNIVERSITY OF WOLLONGONG

by

Sina Vafi
Master of Engineering

SCHOOL OFELECTRICAL, COMPUTER

AND TELECOMMUNICATIONS ENGINEERING

2005



To my beloved Parents
and Sisters, Tina and Nikan



Abstract

Random interleavers are amongst the most effective interleavers for turbo codes.

However, due to their random permutations, a compact representation of the code

specification is a major obstacle. Thus, to date, much research has been conducted

on the design of deterministic interleavers having performances close to random in-

terleavers. These interleavers are mainly constructed as block interleavers, which

allows the code to be analyzed as a block code.

In contrast to block interleavers, there are non-block interleavers. These utilize a

reduced number of memories in their structures and have self-synchronization with

their deinterleavers; this simplifies their design. Because of their non-block struc-

tures, turbo codes constructed by these interleavers must usually be analyzed in terms

of the continuous performance. Previous research confirms that the codes’ continu-

ous performance is similar to their block performance, but at the expense of increased

complexity of the code analysis and decoding. In order to analyze a turbo code con-

structed with non-block interleavers as a block code, it is necessary to consider the

applied interleavers as block interleavers. This is accomplished by the insertion of

stuff bits at the end of each input data block, returning the interleaver memories to

zero state.

This thesis is related to the application of convolutional interleavers which are the

most popular non-block interleavers for turbo codes. It introduces convolutional in-

terleavers as good deterministic interleavers that can perform similar or even better

than previous deterministic and random interleavers. The thesis presents two differ-

ent structures of block-wise convolutional interleavers, created on the basis of distri-

bution of stuff bits in the interleaved data. On the basis of convolutional interleaver
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Abstract iv

properties, a simple algorithm is introduced to analyze code performance at different

signal to noise ratios. The code analysis is confirmed with simulation results, which

allow selection of the most suitable interleaver.

Different models of the selected convolutional interleavers are verified. These mod-

els are constructed based on changing the period and space values, which are intro-

duced as the constituent parameters of convolutional interleavers. The performance

of interleavers with different periods and a space value 1 are investigated. For a

similar number of stuff bits, these interleavers are compared with interleavers con-

structed with shorter periods and highest fixed space values than 1. Convolutional

interleavers with variable space values operating as generalized convolutional inter-

leavers are also presented and their performance is compared with interleavers using

the fixed space value.

Turbo codes constituted with the mentioned interleavers are analyzed using differ-

ent input bitstreams. Based on the analysis, suitable modifications are proposed for

each model of interleaver so as to improve the turbo code performance through a

reduced number of stuff bits. The performance of the modified convolutional in-

terleavers is compared with good deterministic and random block interleavers. The

results demonstrate that with an acceptable number of stuff bits contributed to each

interleaved data, convolutional interleavers provide similar or improved performance

when compared to block interleavers.

Finally, the application of designed convolutional interleavers in Unequal Error Pro-

tection (UEP) turbo codes is presented. Based on the code specifications and inter-

leaver properties, three different techniques for UEP are suggested to improve pro-

tection of priority data, while reducing the overall number of stuff bits inserted into

the interleaver memories.
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