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Abstract 
 
 The proposed work demonstrates a design of adaptive nonrecursive filter design 
based on distributed arithmetic technique. First, the efficient pipelined distributed 
arithmetic technique has been proposed here, it achieves low power and reduced 
switching activity than the conventional one. Second, to attain high throughput the 
parallel processing based distributed  technique is designed. Analysis has been made 
between the first and second model experimental result shows pipelined DA 
technique increasing the speed with reduced switching activity and to achieve better 
area, parallel processing technique will be the efficient one. The proposed design is 
simulated in modelsim 6.5b by using VHDL, synthesized in Xilinx ISE 14.2 and 
implemented in FPGA Spartan-3E. 
 
Keywords: Finite Impulse Response(FIR), Distributed Arithmetic(DA), VHSIC 
Hardware definition language(VHDL), Integrated Simulated Environment(ISE), Field 
Programmable Gate Array(FPGA). 
 
1. Introduction 

 
Finite Impulse Response (FIR) filters are rapidly used as one of the most 

significant components in real time Digital signal Processing applications such as 
cancellation of echo in signal processing, multipath delay compensation, etc. The  
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coefficients of adaptive filters are varying with time in order to optimize a given 
standard. Least Mean Square (LMS) algorithm is the commonly used algorithm to 
adapt the coefficients. In a past few years, the distributed arithmetic based multiplier 
less FIR filter achieves high-throughput, reduced area and time efficient computing 
architecture [2]. For a large order Adaptive digital filter implementation, the area 
delay product will be prominently high. To avoid the delay, Block LMS algorithm 
has been suggested by Mohanty [1] in that a newly modified look up table sharing 
technique is used. In Digital Signal Processing algorithm the computation of  inner 
product  has long critical path, in order to reduce the critical path [3] distributed 
arithmetic technique has introduced for reconfigurable FIR filter. The paper [4-6] 
filtering and weight updating has done by using only one look up table for to update 
the weight of the filter using Least Mean Square algorithm.  
The proposed FIR filter design using Pipelined and parallel Distributed arithmetic 
technique achieves, 

1.1  Power consumption and switching activity will be reduced by using pipelined 
Distributed arithmetic technique. 
1.2  Reduction of area consumption has been achieved by parallel processing based 
Distributed arithmetic technique. 
In the forthcoming stage, a brief description of Adaptive LMS algorithm will be 

given, followed by the review of proposed pipelined DA technique to reduce power 
then the FIR filter using parallel processing based DA technique. In the following 
section, discussion about the results of the proposed structure and conclusion. 

 
2. LMS Algorithm for adaptive filter 
    
      The LMS algorithm implements an adaptive FIR filter object that gives the output 
of the filter, the error vector and the weight of the filter. The error vector is the 
difference between the filter output and the desired response. In every training cycle, 
the calculated error vector will be used for weight updating. In the LMS adaptive FIR 
filter the weights are updated by the,  
                        W(n) = α W (n-1) + f (x(n), e(n), μ)                                           (1) 
                        Where, 
                         y(n) = W T(n-1) . x (n)                                                             ( 2 ) 
                         e(n) = d(n) – y(n)                                                                     ( 3 ) 
d(n) will be the desired response, y(n) will be the output of the filter and e(n) refers 
the error vector calculated at nth iteration,μ denotes the convergence vector. 
                       for LMS, 
                         f( x(n) , e(n) , μ) = μ e(n) * x(n)                                                ( 4 ) 
                      for sign error LMS, 
                         f( x(n), e(n), μ) = μ sign (e(n) * x(n))                                        ( 5 ) 
                      sign data LMS,  
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                         f( x(n), e(n), μ) = μ e(n) sign(u*(n))                                          ( 6 ) 
 
 
3. Pipelined Distributed Arithmetic Technique 

  
 For each cycle, to compute the inner products in LMS adaptive FIR 
filter which leads to the critical path. Distributed Arithmetic (DA) will be a 
competent technique for to compute the inner product and it is an efficient technique 
to implement on field Programmable Gate Array (FPGA). In the conventional 
distributed arithmetic based adaptive FIR filter of order length 4, it consists of 
product block for to compute the partial sums for 0<l<15 and this sum of products are 
stored in an array of 15 registers. The 16*1 multiplexer will be used to select the 
partial sums from one of those registers. In that, the weights are given as the selection 
line i.e., the control bits to the multiplexer, according to the control bits it selects the 
input from the DA table figure.1.The partial sum terms compiled in a carry save 
accumulator and then a shift occurs and it gives a sum and a carry word in next cycle 
figure 2.Finally, the error signal is calculated by subtracting the desired signal with 
the output of the filter. Then the computed error signal is given to the sign and 
magnitude separator to get the sign error (sign (μ e (n-2)) and the control bits (t) for 
barrel shifter.The proposed FIR filter design based on pipelined distributed arithmetic 
technique as shown in Figure.3. pipelining will lead to a reduction in a critical path, 
either it increases the clock speed or it will reduce the power.In the proposed 
pipelined Distributed arithmetic table  the dual multiplexer has been used to select the 
inner products i.e., the partial sums. The counter will be used as the selection line for 
the multiplexer corresponding to that counter value it gives the partial sum to the 
latch, the counter value will be incremented from 0 to 14. The output will be driven to 
the other multiplexer then to carry save accumulation adder. 
 
 

 
 
Figure.1.Conventional DA Table for the computation of partial sums  
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Figure.2. Conventional FIR Filter design based on Distributed Arithmetic Technique.  
 
 
 

 
                 

Figure.3. Proposed Distributed Arithmetic table with Pipelining 
 
 
The pipelined DA table reduces switching activity and hence it reduces power. 
 
 
4. Parallel processing based Distributed Arithmetic  Technique 

 
  In a parallel processing technique the critical path of the design 

remains unaltered. The existing FIR filter design uses two clock cycles for the 
computation of inner products, but in the proposed parallel processing based DA 
technique uses a single clock cycle to calculate the partial sums from d0 to d14 
instead of using 15 clock cycles. Slices of bits i.e.,{w0,w1,w2,w3} will be fed to the 
multiplexer here it selects the partial sum and the sum and carry bits are generated in 
a next clock cycle by using carry save accumulation adder(CSA). So that the 
proposed design attains reduced area with the expense of switching activity and 
power. 
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5. Result Analysis and Discussion 

 

 
       Simulation result.1.Distributed Arithmetic Table output with pipelining 
 

 
 

           Simulation result.2. DA Table using parallel processing technique 
 
 

 
 
 
     
 
 

Table.1. Synthesis result for pipelined and parallel processing Technique 
 
The Proposed design is synthesized using Xilinx ISE 14.2, The pipelined Distributed 
Arithmetic Technique based FIR Filter achieves higher frequency and the parallel 
processing based DA technique attains low area when compared to pipelined 
technique. 

  Pipelined  DA Parallel Processing in DA 
Slices  233  111 
LUT 345  196 
FF  299  136 
Frequency 163.811  123.986 
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6. Conclusion and Future work 

 
Analysis has been made between the Distributed Arithmetic techniques with 
pipelining and parallel processing.  For low area applications, the parallel processing 
technique will be used, for low power and high speed purpose pipelined DA 
technique accomplish better results than the parallel processing DA based FIR filter.  
The Future enhancement is to replace the carry save adder with other efficient adders 
i.e., koggestone adder or ling adder, etc to achieve better result. 
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