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Abstract: In mobile communication systems and multimedia applications, need for efficient reconfigurable digital finite 
impulse response (FIR) filters has been increasing tremendously because of the advantage of less area, low cost, low 
power and high speed of operation. This project presents a near optimum low- complexity, reconfigurable digital FIR 
filter architecture based on computation sharing multipliers (CSHM), constant shift method (CSM) and modified binary-
based common sub expression elimination (BCSE) method for different word-length filter coefficients. The CSHM 
identifies common computation steps and reuses them for different multiplications. The proposed reconfigurable FIR 
filter architecture reduces the adders cost and operates at high speed for low-complexity reconfigurable filtering 
applications such as channelization, channel equalization, matched filtering, pulse shaping, video convolution functions, 
signal preconditioning, and various other communication  applications.  

 
I. INTRODUCTION 

With the increasing level of device integration and 
the growth in complexity of micro-electronic circuits, 
reduction of power efficiency has come to fore as a primary 
design goal while power efficiency has always been 
desirable in electronic circuits. The finite impulse response 
(FIR) digital filter is the fundamental element of digital 
signal processing (DSP) systems. The disadvantage of 
using digital FIR filters is that it involves lot of 
computations to process a signal. The implementation cost 
and power consumption are also high because of 
computational complexity. The complexity of the FIR filter 
is dictated by the complexity of the coefficient multipliers. 
The multipliers are the most expensive blocks in terms of 
area, delay, and power in a FIR filter structure. As shifts are 
less expensive in terms of hardware implementation, the 
design problem can be defined as the minimization of the 
number of addition/subtraction operations to implement the 
coefficient multiplications. The complexity of the 
multiplier block (MB) in a FIR filter is reduced, if 
implemented as shift-adders and sharing common sub-
expressions. In order to reduce the complexity of the filter, 
the filter coefficients are encoded using the pseudo random 
floating point method; however it is limited to filter lengths 

less than 40. The methods are only suitable for fixed logic 
filters where the coefficients are fixed. 

 Several reconfigurable FIR filters have been 
proposed by researchers and are discussed in detail [1–3, 9, 
13, and 14]. These architectures are appropriate only for 
relatively lower-order filters and not suitable for channel 
filters in communication receivers. The idea is to pre-
compute the values such as 0x, 1x, 2x, 3x, 4x, 5x, 6x and 7x, 
where x is the input signal and then reuse these pre-
computations efficiently using multiplexers.  

The BCSE method proposed in [7] provides 
improved adder reductions leading to low complexity FIR 
filters. Re configurability of the FIR filters is not 
considered in [7] though. The concept of reconfigurable 
multiplier blocks (ReMB) is proposed in [3]. The ReMB 
generates all the coefficient products and a multiplexer 
selects the required ones depending on the input. The 
proposed reconfigurable FIR filter architecture, (processing 
element architecture), is shown in Fig. 1. The idea is to pre-
compute the values such as 0x, 2x, 4x, 6x, 8x, 10x, 12x, 14x, 
where x is the input signal, then reuse these pre 
computations efficiently using multiplexers. This 
computation sharing multipliers (CSHM) can be used to 
realize efficient, low complexity FIR filter design.  
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II. MODIFIED BCSE METHOD 

This section presents the modified BCSE algorithm. 
This is a technique which eliminates redundant binary 
common sub-expressions (BCSs) that occur within the 
coefficients. Computational complexity is reduced by 
reusing the most common binary bit patterns present in the 
coefficients. In general, an n-bit binary number can 
represent 2n − (n + 1) BCSs [9]. For example, a 4-bit binary 
representation can form 11 BCSs, which are [0 0 1 1], [0 1 
0 1], [0 1 1 0], [0 1 1 1], [1 0 0 1], [1 0 1 0], [1 0 1 1], [1 1 0 
0], [1 1 0 1], [1 1 1 0] and [1 1 1 1]. Note that other BCSs 
such as [0 0 0 1], [0 0 1 0], [0 1 0 0], and [1 0 0 0] do not 
require any adders for implementation. These BCSs can be 
expressed as 
 
[0 0 1 1] = x1 = x + 21x   (1) 
[0 1 0 1] = x2 = x + 22x   (2) 
[0 1 1 0] = x3 = 21x +22x   (3) 
[0 1 1 1] = x4 = x + 21x +22x  (4) 
[1 0 0 1] = x5 = x + 23x   (5) 
[1 0 1 0] = x6 = 21x +23x             (6) 
[1 0 1 1] = x7 = x + 21x +23x  (7) 
[1 1 0 0] = x8 = 22x +23x  (8) 
[1 1 0 1] = x9 = x + 22x +23x  (9) 
[1 1 1 0] = x10 = 21x + 22x +23x  (10) 
[1 1 1 1] = x11 = x +21x + 22x +23x  (11) 

where x is the input signal. 
 

A straightforward realization of above BCSs would 
require seventeen adders. However x3 can be obtained from 
x1 by a left shift operation (without using any extra 
adders).similarly x8 can be obtained from x1 by double left 
shift operation (without using any extra adders).x6 can be 
obtained from x2 by a left shift operation.x10 can be 
obtained from x4 by a left shift operation. 

Binary horizontal common sub-expression 
elimination (BHCSE) is used in the proposed architecture. In 
general, an n-bit binary number can represent 2(n−1) − 1 
BHCSs.4- bit binary representation can form seven BHCSs, 
which are [0 0 1 1], [0 1 0 1], [0 1 1 1], [1 1 1 1], [1 1 0 1], 
[1 0 1 1], and [1 0 0 1]. It can be noted that the common sub-
expressions (CSs) [0 0 1 1], [1 1 0 0] and [0 1 1 0] can be 
implemented using [1 1]; the CSs [0 1 0 1] and [1 0 1 0] can 
be implemented using [1 0 1] and the CSs [0 1 1 1] and [1 1 
1 0] can be obtained using [1 1 1] with simple shift 
operations.  

Also, x4 can be obtained from x2 using an adder.x7 
can be obtained from x5 using an adder.x9 can be obtained 

from x5 using an adder.x11 can be obtained from x4 using 
an adder. Thus only seven adders are needed to realize all 
the 4-bit BCSs rather than seventeen adders. Thus the binary 
representation based BCSE offers better reduction of 
adders/subtractors needed to implement the coefficient 
multipliers. 

III. ARCHITECTURE OF RECONFIGURABLE FIR FILTER 

 The proposed reconfigurable FIR filter is based on 
reconfigurable processing element architecture as shown in 
Fig.1. The processing element (PE) is capable of performing 
three computing functions: addition (including carry), 
multiplication and negation with two inputs and one output.  

 

Figure1 Proposed reconfigurable FIR filter architecture module 

 
IV. LOW-COMPLEXITY RECONFIGURABLE PE1 

ARCHITECTURE 
The functions of different blocks of the PE1 (MB) 

are explained below. 

A. Shift-And-Add Unit 

One of the efficient ways to reduce complexity of 
multiplication operation is to realize multiplication using 
Shift-and-Add operations. In contrast to conventional Shift-
and-Add unit used in previously proposed reconfigurable 
filter architectures we use modified BCSE based Shift-and-
Add unit in our proposed CSM architecture. In the Shift-
and-Add unit, all the even 4-bit BCSs are realized. The 
proposed architecture of Shift-and-Add unit is shown in Fig. 
4.3. This architecture of Shift-and-Add unit is used to realize 
4-bit even BCSs of input signal in the range [0 0 0 0], [0 0 1 



                             International Journal of Advanced Research Trends in Engineering and Technology (IJARTET) 
 Vol. 1, Issue 3, November 2014 
 

 
 
 

                                                                 All Rights Reserved © 2014 IJARTET                                                   12 
 

0], [0 1 0 0], [0 1 1 0], [1 0 0 0], [1 0 1 0], [1 1 0 0], [1 1 1 
0]. 

In the fig., “x << k” represents the input x shifted 
left by k units. A straightforward realization of these BCSs 
would require five adders. where x is the input signal.  
Note that other BCSs such as [0 0 1 0], [0 1 0 0], and [1 0 0 
0] do not require any adders for implementation. However, 
x8 can be obtained from x3 without using any adders. Also 
x10 can be obtained from x8. 

Thus 4-bit even BCSs 0x, 2x, 4x, 6x, 8x, 10x, 12x, 
14x of a 4-bit number are generated using only three adders. 
The easiest ways to obtain the BCSs is to know the amount 
of shifts in advance. All these eight BCSs (0x, 2x, 4x, 6x, 
8x, 10x, 12x, 14x) are then fed to 8:1 multiplexers. In 
contrast to conventional Shift-and-Add unit, the number of 
adders/subtractors needed to implement the proposed Shift-
and-Add unit is significantly reduced. 
 

 

Figure 2 Architecture of the proposed CSM PE1 (MB) for 8-bit 
coefficients 

 

Figure 3 Architecture of Shift-and-Add unit 

V.  EXPERIMENTAL RESULTS 

In this section, the synthesis and design results of 
the proposed FIR filter architecture using reconfigurable MB 
with low complexity are presented. Altera Quartus II is used 
for synthesis. 

 

Figure 4  The output waveform of  8 Tap FIR Filter Using Wallace 

Tree Multiplier 
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Figure 5  The Synthesis Area Report of  8 Tap FIR Filter Using BCSE 

Multiplier 

TABLE 4.1 Comparison of performance for the proposed 
implementation and the existing reconfigurable 
implementation. 

TECHNIQU
ES 

NO  OF 
COMBINATIONA
L ALUTS 

TOTAL PINS 

(UTILIZATIO
N) 

USING 
WALLACE 
TREE 
MULTIPLIE
R 

292 14% 

USING 
BCSE 
MULTIPLIE
R 

114 12% 

The main difference of the proposed reconfigurable 
FIR filter architecture from the existing architectures is the 
use of reconfigurable FPGA based hardware accelerator with 
balanced shared memory architecture for FIR filtering. The 
proposed reconfigurable architecture uses BCS based Shift-
and-Add unit and hardwired shifts. In the proposed 
reconfigurable CSM MB (PE1), all the shifts are constants 

and hence can be hardwired. This result in better speed of 
operation compared to other methods. 

VI. CONCLUSION 

This brief has proposed a reconfigurable FIR filter 
architecture using a low-complexity multiplier based on 
CSHM, CSM, and modified BCSE is proposed. The CSHM 
algorithm reduces the redundant computation in FIR filtering 
operation. The CSM ensures constant shifts and hence faster 
shifting. The modified BCSE method reduces the 
computational complexity by reusing the most common 
binary bit patterns present in the coefficients. The results 
show a significant reduction in either arithmetic operations 
or hardware necessary to implement those operations 
combined with satisfactory runtimes. Comparison with 
related work based on the available data shows that the 
proposed method yields comparatively better results in FIR 
filter optimization. 
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