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ABSTRACT: In digital signal processing filter plays a vital role in all applications. Generally FIR filter consists of 

multipliers and adders which require large space and high resource usage when implemented in FPGA. The usage of 

multipliers causes increase in area and increase in delay which ultimately reduce the performance of the filter. This 

problem can be overcome by a method of designing the filter using distributed arithmetic of three dimensional look up 

table is implemented. The filter designed by this method consists of look up table, shifter and accumulator instead of 

multiplier.  Addition and shift operation is used for multiplication. As the order of the filter increases the look up table 

size also increased, to avoid this problem modified distributed arithmetic method is implemented in which the look up 

table is subdivided to reduce the memory size. In addition Distributed arithmetic allows pipelining of data which 

increases speed. To operate with various filter coefficient dynamic distributed arithmetic is used where as in distributed 

and modified distributed arithmetic only constant coefficient are applied. The filter design is implemented in Xilinx 

ISE Design suite 12.1. This is implemented with Spartan 3E FPGA device. 
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I. INTRODUCTION 

 

In signal processing and telecommunication filters are the basic component and they are widely used in applications 

such as noise reduction, channel equalization, audio and video processing, biomedical signal processing, image 

processing, radar etc., Filters are used for frequency selection of a network. Based on the input and the output of the 

filter they are classified as analog and digital filter. And based on their impulse response they are classified as finite 

impulse response (FIR) and infinite impulse response (IIR) filter [1]. The major difference between FIR and IIR filter is 

that FIR filter has linear phase it is always stable and it has no analog history whereas IIR filter does not have linear 

phase and it is difficult to control, IIR is unstable and is derived from analog filter. IIR depends on both input and 

output whereas FIR depends only on present inputs. IIR consists of zero’s and poles and require less memory whereas 

FIR consists of only zero’s. With advances in digital technology they are rapidly replacing analog filters in which RLC 

components are used. For digital signal processing operation primary filters are digital filters. With the use of special 

DSP devices they are implemented as multiply and accumulate (MAC) algorithm [2]. The DSP devices are based on 

RISC architecture and consisting of fast array multipliers. Generally the multipliers are in the range of one to four and 

data is sequenced by the microprocessor to pass through it for multiply and other functions and intermediate result is 

stored in the accumulator. Performance is improved by increasing the clock speed used for multiplication. The 

strongest operation multiplication is performed by repeated addition which require portion hardware portion and chip 

area and power consumption is also high. When compared with multiply accumulate structure Memory-based structure 

are more regular and having greater potential for high throughput and has less latency with less power consumption [3]. 

For many Digital signal Processing (DSP) algorithms, memory-based structures are well suited for multiplication with 

fixed set of coefficients. For this FIR filter is designed using distributed Arithmetic which reduces resource usage in 

FPGA implementation.   
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II. FIR FILTER WITH MULTIPLIER 

 

Finite impulse response (FIR) filter is a filter  response to any finite length input is finite duration, because it settles to 

zero in finite time. Generally FIR filter consists of  

1. Multipliers 

2. Adders 

3. Delay elements. 

The following figure shows the structure of FIR filter. 

 

 
Fig. 1 FIR filter structure 

The upper part of filter shows delay line with N+1 taps [4]. The output of the filter is determined by Convoluting its 

input signal x with its impulse response h and it is represented as 

          

                                           N-1 

Y(n)= ∑  C[K] X[n—K]                                                                                                        (1)            

                                                     K=0 

Where 

 X(n) is the input signal 

 Y(n) is the output signal 

 C(K) the filter coefficients which are also known as taps. 

 

III. DISTRIBUTED ARITHMETIC 

 

Digital filters can be implemented using distributed arithmetic. It replaces multiplications and addition by  

 1. Look up table 

 2. Adders    

 3. Shifters 

It is used to compute the sum of product [5]. DA is bit-serial method of processing the data. The multiplication 

operation is replaced by a mechanism that generates partial products and then sums the products together. The partial 

products generation and their addition is the key difference between distributed arithmetic and standard multiplication. 

Multiplication and accumulation operation is represented as 

  

    Y= A1 x X1 + A2 x X2 + A3 x X3 + . . . . + Ak x Xk 

                            K 

       Y= ∑   Ak x Xk                                                        (2) 

                 k=1 

where, 

y - Output response 

Ak - Constant filter coefficients 

Xk - Input data 

Let Xk be a N-bits and can be expressed in scaled two’s complement number as 

                                                               N-1 

         Xk = -bk0b + ∑ bkn2-n                               (3) 

http://www.ijirset.com/
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                                         n=1 

 

Substituting the above equation in y, we get 

                      K                 N-1 

    Y= ∑ Ak [-bk0 + ∑ bkn2-n]                         (4) 

                                                       k=1                n=1 

               k                  k     N-1 

y= -∑ bk0.Ak + ∑  [ ∑ (bkn. Ak)2-n]                              (5) 

                                                    k=1             k-1  n=1 

 

 

Rearranging the power terms and grouping the sum of product terms we get the final result as 

                                                              k         N-1    k 

                                          Y= -∑ bk0.Ak + ∑ ( ∑bkn. Ak )2
-n 

             (6) 

                                                 
   k=1                n=1     k=1 

 

IV. BLOCK DIAGRAM 

 

The bock diagram which describes the operation of distributed arithmetic is shown below. 
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    Fig.2. Block diagram of distributed arithmetic 

 
LUT stores all the possible combinations of the sums of the coefficients in three dimensional order. Addition operation 

is to implement the Filter functionality by using LUT contents [6]. The register is used to shift the values again to 

arithmetic operation block. The major drawback of this method is that as the order of filter increased then look up table 

size also increased. Since we use three dimensional lookup table large amount of values are stored when compared to 

conventional lookup table. 

 

Lookup table and DA technique for 3rd order filter 

 

A lookup table is nothing but memory which stores the precomputed values for the possible combinations of input 

values. Here X is the input and A is the fixed coefficient. 

 

 
                   Fig.3. Conventional LUT-based multiplier 
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Let us consider the third order filter, if the number of coefficient is N the memory size required is 2N. 

If the number of coefficients = 4 

Number of inputs = 4 

Then LUL size = 24 = 16 memory locations. 

In this method possible outputs are pre computed and stored in LUT [7]. LUT addressed through input of the filter. For 

4 tap filter, 4 tap represents the number of co-efficient of the filter as well as it represents the no. of inputs to the filter 

and address bit for the LUT. 

 

Each location has different output for the corresponding inputs. The possible inputs for this filter is 0(0000) - 

15(1111).For each input the computation of output is easy by using this technique.  

 

If Input = 1011 means then 

Output = 1.h0 + 0. h1 + 1. h2 + 1.h3 = h0+h2+h3  

 

If Input = 1111 means then  

Output = h0+ h1+h2+h3  

 

If Input = 0101 means then 

Output = h1+h3  

 

If Input = 1010 means then 

Output = h0+h2 

 

It represents the addition of high level input co-efficient. We can easily find 16 output for corresponding input without 

any mathematical calculation. Table 1 shows the content of the LUT for 3rd order filter. 

 

Address Data 

0000 0 

0001 h3 

0010 h2 

0011 h2 + h3 

0100 h1 

0101 h1 + h3 

0110 h1 + h2 

0111 h1 + h2 + h3 

1000 h0 

1001 h0 + h3 

1010 h0 + h2 

1011 h0 + h2 + h3 

1100 h0 + h1 

1101 h0 + h1 + h3 

1110 h0 + h1+ h2 

1111 h0 + h1 + h2 + h3 

 

Table.1. LUT for 3rd order filter 
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For higher order filter LUT size will increase, it required more memory space. For this the look up table is partitioned 

into smaller sizes.  

 

V. LUT PARTITIONING 

 

Size of look up table increases exponentially with the order of filter [8]. Therefore reduction of LUT into reasonable 

size for higher order filter is essential by dividing the look up table into smaller portions is called LUT partitioning [9]. 

Different sets of coefficients are operated on each partitioned LUT’s.  

 

For 3rd order filter 

 
Fig.4. 3rd order FIR filter with partition method 

 

Number of partition = 2 

2 LUT tables are used. Each has 2 inputs [10] 

 

Memory location = no .of partition * 2n  

      = 2*22  

      = 8 location 

n = number of inputs of LUT. 

 

LUT partitioning of 16 tab FIR filter 

 
                                

Fig.5. 16 tab FIR filter LUT partition 
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VI. COMPARISON 

 

For a 3rd order FIR filters, Implementation of FIR filter by traditional method require 

4 multiplier 

3 adders 

 

Distributed Arithmetic 18 memory locations 

LUT partitioning Method     6 memory locations 

 

Table.2. comparison results 

 

From the above comparison it is well known that LUT partitioning method requires less memory than other methods. 

 

VII. EXPERIMENTAL RESULTS 

 

The following figures shows the RTL schematic of lookup table and  result of lowpass FIR filter using Distributed 

Arithmetic. 

 

 
 

Fig.6. RTL schematic for lookup table 

 

The above block represents the schematic of 8- bit filter of input and output. 

 

 
 

Fig.7. technology schematic for lookup table 
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Fig.8. RTL schematic of lowpass FIR filter 

 

 
 

Fig.9. Simulation result of FIR filter 

 

VIII. CONCLUSION 

 

By using Distributed Arithmetic of three dimensional, FIR filter is designed and implemented.  The filter is designed 

without multiplier by using LUT, shifter and adder.  LUT is used for storing precomputed values so the memory 

access time is reduced. For higher order filter LUT size is reduced by LUT partitioning. Further this will be 

implemented using multidimensional lookup table. 
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