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Abstract : This, deals with the design of a model of convolutional interleaver using Verilog HDL. Most of the well known
codes that have been derived for increasing the reliability of transmission, of information are effective when the error caused
by the channel are statistically independent. In the case of channel that exhibits burst error characteristics, an effective
method for burst error correction is to interleave the coded data in such a way that the bursty channel is transformed into a
channel having independent errors. The data encoded using convolutional codes are reordered by the interleaver and
transmitted over the channel. By spreading the source bit over time, it becomes possible to make use of error control coding
which protects the source data from corruption by the channel (4). Convolutional interleaver offers advantages like less end to
end delay and reduced memory requirement(6). Here we are using convolutional encoder which is having a design rate, Rc =
Y(k/n), where k=1(number of inputs), n=2(number of outputs). The design and simulation of convolutional encoder and
interleaver is done using Verilog HDL in Modelsim 10.1c.
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. INTRODUCTION
Interleaving is frequently used in digital communication and storage systems to improve the performance of forward
error correcting codes (4). If the number of errors within a code word exceeds the error-correcting code's capability, it fails to
recover the original code word(4). Interleaving ameliorates this problem by shuffling source symbols across several code words,
thereby creating a more uniform distribution of errors. Therefore, interleaving is widely used for burst error-correction.
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Fig 1. Layout of convolutional interleaver and deinterleaver

Error free data transmission can be attained by the proper choice of code error for error detection(6). The feedback
channel has to be practically noiseless. This is not a severe restriction. The information transfer over the feedback channel is at a
low rate, a substantial amount of redundancy can be used to ensure reliable feedback transmission. A straightforward and
effective method to apply coding on the burst error channel is to use interleaving. With this method, the channel is effectively
transformed into an independent-error channel for which many forward-error correction coding techniques are applicable. In this
project the data is encoded using convolutional encoder with a constrained length 8 bit data as input and we get a convoluted
output of 16 bits. The design rate of convolutional encoder is Rc = 1/2 (Rc = k/n), where k=1 (number of inputs) and n=2 (number
of outputs). The transmitter includes an encoder followed by an interleaver that scrambles the encoded data stream in a
deterministic manner. The interleaved data is transmitted through the bursty channel, in the receiver, a deinterleaver is used to
perform inverse operation, and thus the received data are unscrambled, so that the decoding operation may proceed properly. The
combination of interleaving and forward- error correction thus provides an effective means of combating the effect of error bursts.
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II. CONVOLUTIONAL ENCODER
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Fig 2. Convolutional Encoder
Output code word 1=10011111, Output code word 2= 11100101, Design rate= %, Constraint length= 8 bit

A convolutional code is specified by three parameters or where ‘K’ inputs and ‘n’ outputs. In practice, usually k=1 is
chosen. K is the constraint length of the convolutional code (where the Encoder has K-1 memory elements) (6). The performance
of a convolutional code depends on the coding rate and the constraint length, Longer constraint length K. More powerful code and
more coding gain are obtained

Table I. Encoding of sample data (10011001)
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Convolutional encoder (rate %2, K=8) will have 7 shift-registers, where the first one takes the incoming data bit and the rest form
the memory of the encoder. m = (10011001) Encoder U = (11 01 01 01 00 11 01 00)
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Fig 3. Design rate % and constrain length K
Dependence of reliable coding gain on constraint length for rate % convolutional codes

I11. CONVOLUTIONAL INTERLEAVER
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Fig 4. Interleaver

A convolutional interleaver consists of a set of shift registers, each with a fixed delay. In a typical convolutional
interleaver, the delays are nonnegative integer multiples of a fixed integer (although a general multiplexed interleaver allows
unrestricted delay values). Each new symbol from an input vector feeds into the next shift register and the oldest symbol in that
register becomes part of the output vector. A convolutional interleaver has memory; that is, its operation depends not only on
current symbols but also on previous symbols. The schematic below depicts the structure of a general convolutional interleaver by
showing the set of shift registers and their delay values D(1), D(2),..., D(N). (6)The k th shift register holds D(k) symbols, where
k=1,2,...,N.
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Fig 5. Input/ Output Diagram
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Fig 6. Core Architecture of Convolutional Interleaver The core internal diagram explains the architecture of the
convolutional interleaver IP core.

A. Convolutional Encoder

The functionality of the architecture starts by asserting clk , rst and conv_input_valid. The 8 bit input data is given to the
encoder bit by bit through conv_datain. During each clock cycle encoded 2 bit data is stored in the str_encoder_data register
which is of 16 bit. After 8 clock cycles conv_ready is made high for writing the 16 bit encoded data in to the RAM.
B. RAM (16X16)

It is used to store the encoded data, when conv _ready =1 , ram2_wr_address is incremented and the encoded data is
stored to the corresponding location from the str_encoder_data register.
C. Interleaver Processor

Each 16 bit data is read from the RAM and the interleaved output is taken through i1, i2, i3, i4, i5, i6, i7, i8, 9, i10, i11,
112,113,114, 15, i16. After interleaving the interleaver_valid signal is made high, indicating that the process is complete.
D. Deinterleaver Processor

The interleaver output is connected to deinterleaver processor, which performs the inverse operation of interleaver and
the corresponding data is stored in a RAM(16x16).
E. RAM (16X16 )(Deinterleaver)

When deinterleaver_out_valid and deinterleaver_out _ready is made high after 16 clock cycles ram3_wr_address is
incremented as well as ram3_write becomes high. The deinterleaved data is stored in the corresponding locations of the RAM.
D. Equations

In the special case implemented by the convolutional Interleaver/ Convolutional Deinterleaver pair, the number of shift
registers is the Rows of shift registers parameter (6), while the maximum delay among all shift registers is

B*(N-1)

Where B is the register length step parameter and N is the Rows of shift registers parameters.

Delays of convolutional Interleavers. After a sequence of symbols passes through a convolutional interleaver and a
corresponding convolutional Deinterleaver, the restored sequence lags behind the original sequence. The delay, measured in
symbols, between the original and restored sequences is (Number of shift registers)*(Maximum delay among all shift register) for
the most general multiplexed interleaver.
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IV. Result
Simulation Results
rst=1(first clock cycle), output=00
rst=0, Input data= 11111111,
At first posedge of clk, rst=1, DFF’s are in rst condition. When reset goes low the encoder starts encoding of input data
bits, each bits are shifted accordingly. After 8 clock cycles the entire data will be shifted.

Encoded output=1110110111001001
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Table Il. Convolutional Encoding
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Fig 8. Interleaver Simulated Output in Modelsim
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V. Interleaver — Deinterleaver Test Wrap
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Fig 3.6 (@) Interleaver-Deinterleaver Test_wrap
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A test_wrap is formed for testing and verifying the input and output of interleaver, the reverse operation is done by using

deinterleaver and the output is compared.
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Fig 4.2.(b) Output from deinterleaver processor
V1. Conclusion

A convolutional interleaver for WiMAX/WLAN and DVB is presented; the present architecture includes a convolutional
encoder, an interleaver processor and a deinterleaver. The encoder of design rate =1/2 decreases the decoding complexity and
thereby increasing the bandwidth efficiency. Since we are using convolutional interleaver, it requires less memory, interleaving
structure can be changed easily and it also provides high code gain. The core architecture is software modeled using verilog HDL
and simulated using ModelSim 10.1c.

REFERENCES

1. F.Rey, M.Lamarca and G.Vazquez “Adaptive interleaver based on rate-compatible punctured convolutional codes”, IEEE
transactions on communications, vol.-57,n0.6,june-2009.

2. Vineet Chaturvedi and Vivek Kumar Gupta“Performance Analysis for Different Interleavers in Various Modulation Schemes
with OFDM over an AWGN Channel ”

3. K. Andrews, C.Heegard, and D.Kozen, “A theory of interleavers”.Technical report TR97-1634, Department of Computer
Science, Cornell University, June 1997.

4. H.Taub, D.L.Schilling and G.Saha, Taub’s “Principles of communication systems”edition-3, Chapter 13, “Information theory

and coding” page no. 682-684.

. T.S.Rappaport, Wireless Communications: Principles and Practice Englewood Cliffs, NJ: Prentice Hall, 1996.

. Simon Haykin “Digital Modulation Techniques” Chapter 8 , Error-Control Coding

. Samir Palnitkar “Verilog HDL”, IEEE 1363-2001 Compliant

. Xilinx ISE DS 861 Interleaver/Deinterleaver datasheet.

. Alters symbol Interleaver/Deinterleaver Mega core function user guide.

0. MATLAB, “Help, communication toolbox. Block interleaving”

= © 00 N O Ol

© 2014, VIRIS- All Rights Reserved Page -39



