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ABSTRACT: 

In various telecommunication applications Digital 

Signal Processors are the key components in 

transferring the data between devices. The 

implementation of FIR filter on FPGA is based 

conventional methods increasing the need for 

considerable hardware resources, which in turn 

raises the circuit size and lowers the system speed. 

Most important operation performed in digital signal 

processing is multiply and Accumulation (MAC). 

Usually this operation is realized using novel 

hardware multipliers. The computations for sum of 

products can be performed more effectively using 

Distributed Arithmetic. This paper provides modified 

Distributed Arithmetic based technique to compute 

sum of products saving appreciable number of 

multiply And accumulation blocks and this 

consecutively reduces circuit size. In this technique 

multiplexer based structure is used to reuse the 

blocks so as to reduce the required memory 

locations. 
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I. INTRODUCITON 

Traditional FIR filters require multiply and 

Accumulation (MAC) blocks which are 

expensive to implement. To avoid this 

problem, we present Distributed Arithmetic 

technique serving as multiplier- less 

architecture for digital signal processing 

applications. In this paper we are optimizing 

this technique in terms of area-delay product 

[3]. To get overall performance and to 

minimize the access delay and power 

dissipation either the processor has been 

move to memory or memory has been 

moved to processor. since semiconductors 

are scaled down to tremendous value, 

memory based architectures are well suited 

for many DSP applications [3]. Memory 

components like ROM and RAM are 

utilized as part of or whole arithmetic 

structures. Memory based architectures are 

regular to the greater extent, has very high 

potential, reduced circuit size and less 

dynamic power consumption compared to 

conventional multipliers. One of the 

memory based technique is Distributed 

arithmetic whose co-efficient are 

transformed to another numeric 

representation where the arithmetic 

manipulation is more efficient than 

traditional implementation [5]. Finite 

impulse response (FIR) digital filters are 

extensively used due to their key role in 

various digital signals processing (DSP) 

applications [1], [2]. Along with the 

advancement in very large scale integration 

(VLSI) technology as the DSP has become 

increasingly popular over the years, the high 

speed realization of FIR filters with less 

power consumption has become much more 
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demanding. Since the complexity of 

implementation grows with the filter order 

and the precision of computation, real-time 

realization of these filters with desired level 

of accuracy is a challenging task. Several 

attempts have, therefore, been made to 

develop dedicated and reconfigurable 

architectures for realization of FIR filter in 

application specific integrated circuits 

(ASIC) and field programmable gate arrays 

(FPGA) platforms. Systolic designs 

represent an attractive architectural 

paradigm for efficient hardware 

implementation of computation- intensive 

DSP applications, being supported by the 

features like simplicity, regularity and 

modularity of structure. Additionally, they 

also possess significant potential to yield 

high-throughput rate by exploiting high-

level of concurrency using pipelining or 

parallel processing or both. To utilize the 

advantages of systolic processing, several 

algorithms and architectures have been 

suggested for systemization of FIR filters. 

However, the multipliers in these structures 

require a large portion of the chip-area, and 

consequently enforce limitation on the 

maximum possible number of processing 

elements (PEs) that can be accommodated 

and the highest order of the filter that can be 

realized. Multiplier less distributed 

arithmetic (DA)-based technique, has gained 

substantial popularity, in recent years, for 

their high-throughput processing capability, 

and increased regularity which results in 

cost effective and area-time efficient 

computing structures. The main operations 

required for DA based Computation of 

inner-product are a sequence of look-up-

table (LUT)-accesses followed by shift 

accumulation operations of the LUT output. 

DA-based computation is well suited for 

FPGA realization, because the LUT as well 

as the shift-add operations can be efficiently 

mapped to the LUT-based FPGA logic 

structures. 

 

II. PROBLEM STATEMENT: 

Due to the high performance requirements 

and increasing complexity of DSP and 

multimedia communication applications, 

filters with large number of taps are required 

to increase the performance in terms of high 

sampling rate. As a result the filtering 

operations are computationally intensive and 

more complex in terms of hardware 

requirements. The FIR filters perform the 

weighted summations of input sequences 

with constant coefficients in most of the 

signal processing and multimedia 

applications. These filters are widely used in 

video convolutions functions, signal 

preconditioning, and other communication 

applications. The decrease in computational 

complexity causes the increase in the 

performance, in terms of speed, area and 

power. High speed, low area and power 

efficient conscious design techniques in SoC 

include efforts at all level of abstraction. 

One way to efficiently incorporate high 

performance design technique is to 

implement IP cores [4].  

These cores have following major 

advantages.  

1. Reusability across designs 

2. Reduction of the design effort 

3. Shorter time to market 

 

The disadvantage of FIR filters is that they 

require high order. The high order demands 
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more hardware, area and power 

consumption. To minimize these parameters, 

our goal is to implement an efficient high 

order filterin digital systems. By the 

reduction of arithmetic in terms 

ofmultipliers, our goal is to reduce the 

parameters namely, hardware, area and 

power. This is ultimate goal of the 

implementation of an efficient FIR filter and 

hence DA algorithm is used for 

implementation of high order FIR filter. FIR 

filter is incorporated with a MAC unit. The 

purpose of MAC unit is to multiply the input 

with constant coefficients, to shift and then 

to add them. This process is repeated until 

all partial products produce the output after 

accumulation. It increases the hardware 

complexity because a simple multiplier 

circuitry is used. The idea is to somehow 

bypass or replace the multiply and shift 

operations with less complex operations. 

Distributed Arithmetic (DA) Algorithm can 

be used to replace MAC unit. The DA 

Algorithm actually uses lookup table for 

storing constant coefficients. So the use of 

lookup tables reduces the hardware 

complexity and hence the new design is 

more efficient in terms of less area, more 

speed and low power consumption. FIR 

filter reference core uses a simple MAC 

unit. We have replaced MAC unit in FIR 

filter reference core with DA Algorithm. In 

this study, performance of Reference Core 

with Simple MAC and reference core with 

DA is compared. 

III. IMPLEMENTING THE FIR 

FILTER USING DA 

FIR filter has 16-taps. Each tap has 16- bit 

input data width and 16 filter coefficients. In 

designing FIR filterusing DA (Distributed 

Arithmetic), these coefficients are placed in 

a look-up table. This is because these 

coefficients are constants. The look-up table 

grows exponentially when the filter 

coefficients are increased, so the break-up in 

the design is necessary and one must place 

four coefficients in each look-up table. The 

width of each coefficient may be 8-bits or 

16-bits depending upon the design. The 

width of the inputs data also vary to 8-bits 

and 16-bits, each LSB bits of input data 

combined in parallel to form the address of 

the look-up table. Distributed arithmetic 

Algorithm replaces “AND” and“add” 

operation as compared with MAC unit. The 

four look-up table store 16 coefficients of 

FIR filter. More than four look-up tables are 

used for storing more coefficients for the 

better response of the FIR filter. The LUTsin 

DA algorithm uses the multiplier less 

technique.The LUTs used less CLB 

(configuration logic blocks) in the FPGA to 

increase the throughput and data rates. The 

FPGA has no multiplier and can be used 

SRAM based DA algorithm.Single FPGA 

chip can be used instead of using multiple 

DSP devices for better performance in terms 

of speed area and power, due to SRAM 

present in FPGA, FPGA is more efficient for 

the implementation of signal processing 

applications. DA became best algorithm 

relating to filtering operation, because 

SRAM based FPGA stored look-up table 

values which are pre-computed and also 

FPGA gives surrounding logic in a single 

chip. Distributed arithmetic algorithm gives 

best performance when we used in filtering 

operation because hardware complexity less 

in DA as compared to conventional MAC. 
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Fig.4.Implementation of FIR filter using DA 

IV. SIMULATION AND RESULTS 

Implementation of FIR filter cores has been 

observed and we can see that fir filter cores 

have been implemented with both reference 

and DA structure. Results have been taken 

in terms of area utilized, power dissipated 

and speed performance for 16bits-20 taps 

and 8bits-20 taps. FIR filter cores have been 

designed in Verilog HDL and implemented 

using Xilinx 10.1i tool. Simulations were 

performed using Modelsim6.4b. 

 

Area Comparison (16 bit 16-taps) 

 

Table 1 show that the area of Conv.UDF 

FIR Filter is less as compared with same 

core implemented with DA algorithm 

 

 
Speed comparison (16 bit 16-taps) 

Table 2 and Fig. 7 show results comparison 

of conv.UDF FIR Filter Core and conv.UDF 

FIR Core withDA Algorithm for speed. 

About 47% increase in speed has been found 

when using DA algorithm. 

 
V. CONCLUSION 

 

The results show that distributed arithmetic 

algorithm is better for FIR filters 

implementation on FPGAs. The efficiency 

in terms of area, speed and power has been 

analyzed. Comparison of results clearly 

shows that efficiency in terms of power 
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dissipation and speed has been increased 

having almost same area consumption. The 

DA has two techniques, one of which is the 

serial DA and other one is the parallel DA. 

In this thesis, the serial distributed 

arithmetic is used to make the FIR Filter 

more efficient. In future, the parallel DA can 

be used to increase theefficiency of FIR 

Filter in terms of data rates. The 

implementation of DA based algorithm, 

serial distributed arithmetic algorithm and 

parallel distributed arithmetic use the look 

up table. The size of the look up table 

increases when the number of filter taps is 

increased. 
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