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Abstract- FIR filter plays an major role in the
emerging wireless communication and Digital Signal
Processing (DSP) applications. Designing multiplier less
FIR filter for low complexity reduces the overall
performance. Hence the optimization technique is
proposed to optimize filter coefficients of finite-impulse
response (FIR) filter to share common sub expressions
within and among coefficients. The Binary Common Sub
expression (BCS) algorithm is done to prove its efficiency
over all other existing methods. The BCS technique uses
partial product generator which forms the partial
products for the input signal and coefficients. The
complexity and speed can be improved and it is compared
with all other existing methods. The simulation was done
using Modelsim and the hardware synthesis was done
using EDA tools.

Keywords-Finite Impulse Response (FIR) filter,
Digital Signal Processing (DSP), Binary Common Sub
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I. Introduction

The rapid growth in mobile computations and
multimedia related applications are the main cause of low
power Digital Signal Processing (DSP) systems. The finite
impulse response filtering is the most widely used operation
performed in digital signal processing[1]-[4]. In digital signal
processing, filters are classified into various types based on its
parameters. The most important types of digital filters are
FIR filters and IIR filters. Both types have some advantages
and disadvantages that should be carefully considered when
designing a filter[5]. Besides, it is necessary to take into
account all fundamental characteristics of a signal to be
filtered as these are very important when deciding which filter
to use. In most cases, it is only one characteristic that really
matters and it is whether it is necessary that filter has linear
phase characteristic or not[6]. The FIR filter has linear phase
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characteristic and higher order stability. The multipliers are
designed in such a way to reduce the area and complexity by
various methods.

Initially the multiplier based method is used to
perform the basic multiplication with the multiplicand and
multiplier. This method has various steps to perform the basic
multiplier operation and consumes area. Since it has various
multipliers its complexity is higher andin turn reduces the
speed of the circuit[7]. To reduce the number of multipliers
the shift/add method is used and it can perform the multiplier
operation by shifting and adding the digits by left or right.
This method adds the multiplicand X to itself Y times, where
Y denotes the multiplier[8]. To multiply two numbers, the
algorithm-is to take the digits of the multiplier one at a time
from right to left, multiplying the multiplicand by a single
digit of the multiplier and placing the intermediate product in
the appropriate positions to the left of the earlier results This
can perform well for low order bits and fails to show its
performance on higher order bits.

The CSD based technique well suits for the
multiplier operation between constant coefficients and inputs
by add and shift operation[9][10]. Though it performs shift
and add operation it uses redundant adder for multiplier block
and hence low hardware footprints can be achieved for higher
order filters.

Il. Related Works

Shyh-Feng Lin proposed a low-power architecture
for dedicated linear phase FIR filter Four schemes are
suggested, including retimed structure, balanced modular
architecture, separated signed processing data flow and
modification of the CSD representation. It compared the four
structures with their area, power, vdd and frequency. The
proposed signal processing schemes reduce circuits’ transition
in the accumulation path to achieve the maximum efficiency
of hardware components. The proposed schemes not only
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address the linear-phase FIR filter, but also can improve the
non linear-phase FIR filer.

Pramod Kumar Meher designed a one dimensional
and two dimensional pipelined architecture computing area,
delay, power relation of FIR filter by systolic array
decomposition using distributed arithmetic. The hardware-
efficient memory-based realization of FIR filters can be
obtained by appropriate choice of address length of the LUTSs
used for the DA-based computation. The  performance
measures like number of slices, maximum usable frequency,
dynamic power consumption, energy density, and energy
throughput are estimated for different filter orders and address
lengths. The FPGA realization is fully parameterized, modular
and scalable, so that it can be readily used as an IP core in a
number of environments.

Jiafeng Xie used fully pipelined architectures for
area, time, power- efficient implementation of finite impulse
response (FIR) filter. This architecture helps to obtain a
suitable tradeoff and analysis the performance of different
filter order for various address lengths. This power efficient
FIR filter is compared with the LUT less DA architecture of
FIR filter. The parameters like number of LEs, maximum
frequency, power consumption are compared for different
filter orders and address lengths. This pipelined architecture
not only reduces area but also has great significance on the
speed of the FIR filter.

Dong Shi proposed an algorithm based on Mixed
Linear Integer Programming (MILP) traverses the discrete
coefficients for the optimum result and in turn reduces the
number of adders in the circuit. In addition to the proposed
algorithm a monitoring mechanism is introduced for the
awareness of optimality. This can be done with design
examples and traversed with sub expression process to
achieve maximum adder constraint in the FIR filter design.

Shen-Fu Hsiao designed low cost FIR filter by using
the rounded truncated multipliers. The non uniform coefficient
quantization with proper FIR filter is proposed to reduce the
total area cost. Multiple constant multiplication/accumulation
in direct FIR filter structure is implemented using an
improved truncated multipliers. The optimization technique
and low cost FIR filter design is implemented by considering
the it width and hardware resources. This leads to small area
cost and reduced power consumption in the system.

I11. Proposed Work

The Distributed Arithmetic (DA) representation is
used for the processing of any digital filters and the example
is shown below for the inner product design.

Y=ZNT3 A

If A is constant and X, is variable then X, can be
represented in DA as

Xn=YB23 2%, , where b is the bit number

The proposed block diagram for the Binary Common
Sub expression (BCS) method is shown in Figure 1. The
blocks such as pre shifter, multiplexer, accumulator and two’s
complement unit are present. The input signal and the
coefficients are taken as inputs and applied those inputs for
BCS technique. These BCS method is proposed for linear
phase FIR filter to increase its efficiency by optimizing
various parameters.

A. Coded Coefficients

The coefficients are the inputs which are used to
sample the input signal based on the interpolation factor of the
filters. In this paper, 10 tap filter is used for the design
example and this means there are ten sub filter is used in the
filter design. The sub filters are used to generate the
appropriate full FIR filter response.
B. Pre shifting

The input signals are taken and it is applied to the pre
shifter. The pre shifter converts the input signal in binary form
and performs some shifting process by which it reduces the
work of multiplexer unit. For example, if 8 bit value is taken
as input it changes the continues 1’s as 0’s and ends up with
one’s complement.

Input Signal

A 4

Pre-shifting

A 4
Multiplexer

Coefficients

\4
Accumulator

Coded coefficients

A 4

2’s complement unit

v

output
Fig 1: Block Diagram for BCS method

C. Multiplexer

The multiplexer will select the appropriate data from
the partial product generator based on coded coefficients and
the input signal. The 4:1 multiplexer is used to produce the
partial product and this partial product generated will be
added to the other coefficients to perform the multiplication
process.

The partial product generator is used to generate the
partial products among the filter coefficients and the input
samples during multiplication.

The partial product for N-tap FIR filter is given by the
following equation as
yln]= X5 hox[n — i

In this BCS method, the partial product generator
computes the value for all the input combinations and it is
redundant for the same value. Hence, it can greatly reduce the
operation time and hardware complexity.

D. Accumulator

The accumulator basic operation is adding all the sub
filter outputs. The output from various multiplexer unit is
taken and it is summed to form the output. The value from
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the overall sum of the sub filter acts passes to the two’s
complement unit. This two’s complement unit changes the
magnitude of the output bits according to its coded
coefficients.

The BCS representation of signal for n-bit binary
number forms 2"D-1 among themselves. The 4 bit binary
values can form 7 BCS representations are [11], [101], [111],
[1111], [1101], [1011] and [1001].

The common sub expressions [0011], [1100] and
[0110] are implemented using [11], and the common sub
expressions [0101],[1010] are implemented using [101].By
this way the common sub expressions are formed and
multiplied with the coded coefficients to get the multiplied
value.

IV. Result

The simulation result for Binary Common Sub

expression method was done for 10-tap FIR filters.

1 wave - defoult
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Fig 2: Simulation of BCS method

The output is the FIR convolution of input signals
and the coded coefficients. The 10-tap FIR filter shows that
there are ten sub filters used for the simulation.

The simulated result given in figure 1 is the
multiplied value of the coded coefficients and the input signal.
The simulation of BCS was done using Modelsim software
and the analysis was made using Altera Quartus software. The
area utilization report gives the total logic elements used by
the circuit.

This area utilization report is shown in Fig 3. This

can be used for the comparison over other existing methods.
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Fig 3: Area utilization result

V. Comparison and Discussion
To know the performance of proposed method, the
comparison has to be made for proposed method over all other
methods.

FIR type used Multiplier used LE’s used
MUL based 10 591
Shift/add method NIL 666
CSD NIL 602
BCS NIL 370

Table 1: Trade off analyzes of various methods with

QUARTUS Il hardware synthesis using CYCLONE Il family

The data given in table 1 shows the comparison
between proposed system with other existing methods for the
parameters logic elements and multipliers used.

The other comparison is shown in table 2 which is
given below. It shows the comparison between logic elements
used and the maximum frequency.

FIR type used LE’s used Fmax
Mul based 591 150.31MHz
Shift/add method 666 81.67 MHz
CsSD 602 137.01 MHz
BCS 370 312.79 MHz

Table 2: Frequency comparison of various methods with
QUARTUS Il hardware synthesis using CYCLONE Il family

The fmax frequency given in table 2 is used to find
the operating speed of the given circuit as the frequency is
inversely proportional to time. The number of multipliers and
logic elements used actually increases the complexity of the
circuit and hence it can be reduced for the optimum result.
The BCS method uses 370 logic elements and this value is
minimum when compared 'with the other existing methods.

VI. Conclusion

In this paper, the BCS method is proposed to increase
the overall performance of FIR filters. The BCS method is
done in the multiplier section to reduce the complexity of the
circuit by generating the partial product generators. The
number of multiplexers are used based on the input signals
and coded coefficients. The BCS method is simulated in
Modelsim software and obtained the analysis of power, logic
elements used, area using Quartus. The obtained result is
compared with the existing methods and the comparison table
is presented. The comparison table shows that BCS has
increased speed and less complexity.

The work may be extended using booth multiplier
and vedic multiplier. The booth algorithm used radix-4 and
radix-8 according to the number of inputs or number of
multiplications. The vedic multiplier uses some conventional
methods for the multiplier in FIR filters. These methods can
also be compared and the performance is evaluated.
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