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Abstract : In this paper we have considered the interleaver design problem for large block sizes in 
coding scheme, where the effect of trellis termination is considered. It is done by comparing the 
performance of different interleavers with a large block size used in turbo code. Finally, the 
performance of an optimized interleaver design based on simulated annealing scheme is considered 
in turbo code. We restrict ourselves for unpunctured code rate 1/3 in symmetric Turbo codes with 
encoder memory v=2 and generator (1; 5/7). In order to avoid the effects of trellis termination in 
coding, we have chosen a relatively large block size with τ = 1024 bit. 
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INTRODUCTION 
 

Turbo codes were introduced in 1993. Turbo 
codes play a major role in the error channel 
coding scheme in wireless communication. It 
becomes a popular area of communications 
research due to their performances, turbo 
codes are being accepted as standard by 
different organization in mobile commu- 
nication. It is need to provide a good quality of 
service in communication system. In this 
paper we have consider the interleaver design 
problem for large block sizes in coding 
scheme, where the effect of trellis termination 
is considered. It is done by comparing the 
performance of different interleavers with a 
similar block size used in turbo code. As a 
performance basis, we have implemented a 
uniform interleaver by using a different type 
of random interleaver for every block 
simulation1. To confirm the validity of the 
statement in this type of interleaver that trellis 
termination do not have a significant effect at 
the chosen block size. We simulate the 
uniform interleaver with and without 
termination in turbo code scheme. To 
terminate the uniform interleaver we use the 
scheme that is proposed by the JPL team2. The 
Bit Error Rate (BER) and Frame Error Rate 
(FER) performance results for these two 
Turbo codes are shown respectively in 
Figures 1 and 2; all simulations were 
performed by using 10 iterations in coding 
system, with a target tolerance of ±10% at a 

confidence level of 95%. These tolerance limits 
are shown in the graphs. As expected, trellis 
termination does not significantly affect the 
performance of Turbo codes with encoder 
memory ν = 2 at this block size of turbo code. 

 
UNIFORM INTERLEAVER 
 

As a performance basis, we have implem- 
ented a uniform interleaver by using a 
different type of random interleaver for every 
block simulation1. To confirm the validity of 
the statement in this type of interleaver that 
trellis termination do not have a significant 
effect at the chosen block size. We simulate the 
uniform interleaver with and without 
termination in turbo code scheme. To 
terminate the uniform interleaver we use the 
scheme that is proposed by the JPL team2. The 
Bit Error Rate (BER) and Frame Error Rate 
(FER) performance results for these two Turbo 
codes are shown respectively in Figures 1 and 2; 

 

 
 

Figure 1. BER of large block size in uniform interleaver 
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Figure 2. FER of large block size in Uniform interleaver 
 

all simulations were performed by using 10 
iterations in coding system, with a target 
tolerance of ±10% at a confidence level of 95%. 
As expected, trellis termination does not 
significantly affect the performance of Turbo 
codes with encoder memory ν = 2 at this block 
size of turbo code. 

 
REGULAR INTERLEAVERS TYPE 
 

It is clear that interleavers with a high 
regularity give poor performance in Turbo 
coding system. It is clear in Figures 3 and 4 
where we simulate the Turbo codes with 
Square, Rectangular, and Helical interleavers. 
F o r c o m p a r i s o n p o i n t o f v i e w , t h e 
performance of a uniform interleaver is also 
shown in the graphs. Note that the 
Rectangular and Helical interleavers satisfy 
all the restrictions detailed by Ramsey, 
Barbulescu & Pietrobon, respectively. 
 

In Rectangular Type: The interleaver with R = 
21 rows and C = 49 columns, R + 1 and C are 
relatively prime and R + 1 < C.The interleaver 
spread is greater than 5ν.Additionally, R and 
C are both odd, so that the interleaver is odd- 
even. 
 

In Helical Type : The interleaver with R = 29 
rows and C = 36 columns and R and C are 
relatively prime. We know that C is a multiple 
of ν + 1 and the RSC code's feedback polynomial 

Figure 3. BER of large block size in Regular interleavers 
 

is full. It makes the interleaver simile. This 
allows the same tail bit to be used with both the 
interleaved and non-interleaved sequences in 
coding. In our implementation, we use the Tail 
Not Interleaved scheme proposed by 
Barbulescu, which is shown to give better 
results in coding scheme. 
 

If C is even, so that the interleaver is odd-even. 
This allows the same interleaver to be fairly 
compared with other interleavers in a study of 
punctured Turbo codes. It is clear that the BER 
performance of turbo code improvement  of 
the Helical interleaver over the Square and 
Rectangular interleavers is minimal, and it can 
probably be attributed mostly to the 
termination. Its FER performance is 
significantly better, though still far from the 
uniform interleaver in turbo code. 
 

 
 

Figure 4. FER of large block size in Regular 
interleavers 
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RANDOMIZED INTERLEAVERS TYPE 
 

The interleaver basically used by Berrou & 
Glavieux, 1996.it is essentially a Square 
interleaver with pseudo random pertu- 
rbations. Its performance is significantly 
better than a regular Square interleaver with 
the same dimensions. A comparison between 
the Berrou-Glavieux interleaver and the 
Square interleaver is shown in Figures 5 and 6. 
For comparison, the performance of a 
uniform interleaver is also shown in the 
graphs. 

 
 

 
 

Figure 5. BER of large block size in Randomized interleavers 
 
 

 
 

Figure 6. FER of large block size in Randomized interleavers 

BARREL-SHIFTING INTERLEAVER 
 

Before creating the optimized interleaver, we 
identify two parameters that do not improve 
performance in turbo code. The first 
parameter is increasing the distance between 
a bit's position in the input and its position in 
the interleaved stream of coding 
 

 
 

Figure 7. BER of large block size in Barrel-shift interleaver 
 

The barrel-shifting interleaver3 specifies this 
distance (ξ) while keeping everything else the 
same as in the input stream. We compare the 
Bit Error Rate performance of this interleaver 
for various values of ξ with help of flat 
interleaver and a uniform interleaver. It is 
note that how the performance of turbo code 
is very poor for such an interleaver type and 
increasing ξ has negligible effect in coding 
system. It is also note that how the 
performance of this interleaver is practically 
identical to that of a flat interleaver. It is also 
be considered as a special case barrel shift 
interleaver with ξ = 0. The FER performance of 
interleaver is not shown because the flat and 
barrel-shifting interleavers have a FER of 
100% within the SNR range considered in 
coding scheme. 
 

ONE-TIME PAD INTERLEAVER 
 

The second interleaver is considered as the 
one time pad interleaver (OTP) interleaver4, 
where the input stream is not permuted in 
time domain, but rather has a random 
sequence added to it. 
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Figure 8. BER of large block size in One-time pad interleaver 
 
 

The performance of a random One Time Pad 
interleaver is compared to a flat type and a 
uniform type interleaver. The average 
performance of all OTP interleavers, 
computed by using a renewable One Time 
Pad interleaver is also included in the graph. 
As for the barrel-shift interleaver, the 
performance of the One Time Pad interleaver 
is very poor. It is being practically identical to 
the flat interleaver type. This means that it is 
not the lack of correlation between input and 
interleaved sequences in coding that gives a 
Turbo code its good performance in coding 
scheme. 
 

OPTIMIZED  INTERLEAVER 
 

The performance of Simulated Annealing 
interleaver of Turbo code is shown in Figures 
9 and 10. For comparison purpose, codes of 
the uniform interleaver and the Berrou - 
Glavieux interleaver are also shown in figure. 
It is seen from the graphs, optimized 
interleaver improves performance of the 
Turbo code in the form of both BER and FER. 
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Figure 9. BER of large block size in Optimized interleavers type 

 
 

Other energy functions from the origin of 
IODS points based on the radial distance have 
also been tried, with very similar results. It is 
seen that the combinatorial restrictions 
imposed on the interleaver structure in 
coding scheme do not allow significantly 
better interleavers design to be constructed. If 
there is anything further to be gained in 
interleaver design for Turbo codes. The other 
factors need to be considered such as 
puncturing of coding, higher-order distance 
statistics in coding scheme. 

We can achieve a BER of 10 
in this type of interleaver. 

at Eb/N0 = 1.35 dB  
 

Figure 10. FER of large block size in Optimized interleavers 
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CONCLUSION 
 
It is seen from the graphs, optimized 
interleaver improves performance of the 
Turbo code in the form of both BER and FER. 
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