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Abstract-FIR filtering is one of the most widely used
operations in several applications, while Reconfigurable
finite-impulse response (FIR) filters are one of the most
widely implemented components in Internet of Things
systems due to their flexibility and low power consumption.
The most significant operation in the FIR Filter is
Multiplier, when aimed to reduce the power consumption
multiplier plays a major role. Previous works deals around
Low-Power Operation in Reconfigurable FIR Filters
utilizing Baugh-Wooley multiplier and Vedic multiplier to
accomplish the low power utilization and less zone. In this
paper to reduce even more area and power consumption an
FIR filter is designed for 32 taps using Baugh-Wooley
multiplier with KSA adder. Implemented design results are
more efficient when compared with previous results.

Keywords-FIR Filter; KSA (Kogge Stone Adder); Baugh-
Wooley Multiplier; Vedic Multiplier.

l. INTRODUCTION

FIR filters assume a critical part in the present
advanced flag handling and different applications. In elite
frameworks such  microchips, DSP and different
applications [1]. Expansion and Multiplication of the two
double numbers are central and frequently utilized math
operations. Statics demonstrates that over 70% directions in
chip and the greater part of DSP calculation perform
expansion and multiplication. Well these operations rule the
execution time. Along previous lines, there’s need of fast
multiplier. The request of fast processing has been
expanding because of extending PC and flag handling
applications [3].

FIR FILTER.

Fig.1: Finite Impulse Response Filter Realization
FIR filters are one of the primary types of filters
used in Digital Signal Processing. FIR filters are said to be
finite because they do not have any feedback. Therefore, if

we send an impulse through the system (a single spike) then
the output will invariably become zero as soon as the
impulse runs through the filter. A non-recursive filter has no
feedback. The Finite Impulse Response Filter Realization is
as shown in figure 1. Very often these filters need to support
high sampling rate for high-speed digital communication.
The number of multiplications and additions required for
each filter output, however, increases linearly with the filter
order [4]. Since there is no redundant computation available
in the FIR filter algorithm, real-time implementation of a
large order FIR filter in a resource constrained environment
is a challenging task. Many related operations were made
for multiplications and additions to improve the
computation speed [6]. One of those are Baugh-Wooley
multiplier and the Vedic multiplier used in the FIR Filter
design that shows high performance.

In this paper we design the FIR Filter using the
Baugh_Wooley Multiplier and Vedic Multiplier, and in
order to improve even more computation speed, the
designed FIR Filter with Baugh-Wooley multiplier has been
improved by replacing the adder using Kogge Stone Adder.
The rest of the paper shows the implementation of the
multipliers and their use in the design of FIR filter for high
performance.

Il. DESIGN OF FIR FILTER WITH BAUGH-
WOOLEY MULTIPLIER AND VEDIC
MULTIPLIER.

In the process of the FIR Filter design computation

field is more important for the efficient design [4].
-1

out(n)= 3 x(n=1i) hi1)
ik

Above equation shows the computation operation of the FIR
Filter. This computation is multiplication operation so in
order to improve the efficiency of the Filter design
multiplication is mostly considered. Here in this paper we
design the FIR Filter with Baugh-Wooly multiplier and
Vedic multiplier.

A. Baugh-Wooley multiplier.
The Baugh-Wooley augmentation is one of the most
important strategies to manage sign bots. This technique has
been so as to plan consistent multipliers, suited for 2's
supplement numbers [25].
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Let two n-bit numbers, multiplier (A) and multiplicand
(B), to be increased. A and B can be communicated as

n—2

A=—a, 2" +Zaizf €Y

i=0

n—2

B=—b,_;2" 1 + Z b;2' (2)
i=0

Where the ai‘s and bi‘s are the bits in A and B respectively,
and an-1 and bn-1 are the sign bits. The product P = A x B,
is given by the equation

n—2
P=AXB= (R,I_12"_1 + Z a,Zi)

=0
n—2

X (—b,,lz"‘1 + b,zi)
) i=0

n— n—2 n—2

2
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j=0 0

i=0 j =

n—2

-t z a, 1b;2 (3)

=

The final product can be generated by subtracting
the last two positive terms from the first two terms. In place
of performance subtraction operation, it is possible to obtain
the 2‘s complement of the last two terms and add all terms
to build the final product. The keep going two terms are n-1
bits in which every that range in parallel weight from
position 2n-1 up to 22n-3. after that again, the last item is 2n
bits and reaches out in parallel load from 20 up to 22n-1. At
first cushion every one of the last two terms in the item P
condition with zeros to get a 2n-bit number to have the
capacity to include it with the different terms. Then the
padded terms increase in binary weight from 20 up to 22n-1.
Let X is one of the last two terms that can represent it with
zero padding as

n—2
X=-0x22t4px2in24 0t ZXEZE
i=0

n—2

+ Zx 2 (4

j=0

The final product, P = A x B becomes
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P=AXB

n—2 n—2
=a,_ b, ,22"% + Z a;2* Z b2/
i=0 j=0

n—2 n—2

+2n1 Z a;b,_ 2"+ 271 z a,_ b2/
i=0 j=0

—22m-1 4 gn (5)

Let A and B are 4-bit binary numbers, then the product P =
A x B will be 8 bit long and is

2 2
P = as;b52° + E a; 2t E b, 2/
i—0 j—o
2 2
+ 23 E a;b;2t + 23 E asb; 27
i—0 =0

—27 + 2% (6)

The block diagram for 4 bit Baugh Wooley multiplier is
shown in Fig 2.

0 0 A; 0 0O a4, o A, O 0 Ay

Sl N N\
LING NG N
NG INI T e

BU

By

Py

By
1
N4 2
. FA Fa fe 1 ra g FA g 1
Py Py Pg Py

Fig.2: Block diagram of 4 bit Baugh -Wooley multiplier
B. Vedic Multiplier

Vedic science was reproduced from the out of date
Indian consecrated writings (Vedas) by Swami Bharati
Krishna Tirthaji Maharaja (1884-1960) after his eight years
of research on Vedas. Vedic math is dominatingly in
perspective of sixteen principles or word-formulae which
are named as sutras. This is a to a great degree intriguing
field and shows some practical estimations which can be
associated with various parts of working, for instance,
enlisting and electronic banner getting ready. Consolidating
increment with Vedic Mathematics frameworks would
achieve the saving of computational time. Therefore, joining
Vedic science for the multiplier setup will enhance the
speed of duplication task. The multiplier designing relies
upon Urdhva Tiryagbhyam.
Basic multiplication have been by using Vedic multiplier is
as shown in the figure.
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Fig. 3: 8*8 Vedic Multiplier

We can implement 8bit, 16bit and 32bit multipliers through
the use of 4 bit multiplier [26]. The current 8-bit Vedic
multiplier comprises of four 4-bit Vedic multipliers and
three 8-bit swell convey adder. Give us a chance to take A
and B are of 8-bit input which gives a yield S of sixteen
piece and results are gotten in the wake of getting halfway
item and doing expansion.

In the design of the FIR Filter with Baugh-Wooley
multiplier CSA adder is used for the addition operation that
performs computations with an average speed to improve
the speed of the computation in the FIR filter and improve
the design efficiency Baugh-Wooley multiplier with CSA
adder is replaced with Kogge stone adder.

I"i. DESIGN OF FIR FILTER USING BAUGH-
WOOLEY MULTIPLIER WITH KSA ADDER

FIR Filter design using Baugh-Wooley multiplier
with Kogge stone. In the process of the FIR filter design to
improve the design efficiency Baugh-Wooley multiplier
with CSA adder is replaced with Kogge stone adder.
KOGGE-STONE ADDER

Kogge-stone adder is a parallel prefix construction of
Carry Look-ahead Adder. Kogge- Stone shake may be
appeared as a parallel prefix viper comprising of convey
administrator hubs. It is the quickest snake with as indicated
by outlining time. It's the regular decision for high
appearance adders in industry. The Kogge-Stone Adder was
first created by Peter M. Kogge and Harold S. Stone in
1973. The development of 2, 4-bit Kogge-Stone Adder are
demonstrated as follows.
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Fig.4:Schematic diagram of 4-bit Kogge-Stone Adder
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Fig.5: Schematic diagram of 4-bit Kogge-Stone Adder.

V. SIMULATION RESULTS

Designing Fiter . Done
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Fig.7: NC Result of 32 Taps FIR Filter design using Baugh-
Wooley multiplier with CSA adder.
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Baugh-Wooley multiplier with KSA adder.
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Fig.9:'RC Results 0f32-Taps FIR filter using Baugh-Wooley
multiplier with CSA adder

" Fig.10: RC Results 0f32-Taps FIR filter using Baugh-
Wooley multiplier with KSA adder.
Comparison Table.

i

DR | MulfplerTipe | Povel) | Ara(?
il

Lovpss | BugdWooly | 3007 il
HohPoss | BaghWooky | 8451 30048
Bundpess | BaghWooky | 8106 3913
BandStop | BughWodky | 3% 30197

Table .1: 32 Taps FIR filter using Baugh Wooley multiplier
with Kogge stone adder.
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Filter Type Multiplier Type | Power(mW) Area(um’)
Low pass(8-taps) Baugh-Wooley 1608 4034
Vedic 3.127 6907
Lowpass(16-taps) | Baugh-Wooley 4334 13601
Vedic 13.390 43753
Lowpass(32taps) | Baugh-Wooley 23.185 61027
Vedic 37.890 88754
High Pass(8-taps) Bangh-Wooley 2173 3510
Vedic 2729 6333
High Pass(16-taps) | Baugh-Wooley 4623 16894
Vedic 14.140 48323
HighPass(32taps) | Baugh-Wooley 24978 60952
Vedic 56.281 114385
Band pass(8-taps) Baugh-Woolev 2497 4028
Vedic 3430 8254
Band pass(16-taps) | Baugh-Woolev 4229 15734
Vedic 12.106 43941
Band pass(32-4aps) | Baugh-Wooley 23210 61079
Vedic 37.883 88727
Band Stop(8-taps) | Baugh-Wooley 2504 3801
Vedic 2491 4836
Band Stop(16-taps) | Baugh-Woolev 4344 15384
Vedic 12425 44129
Band Stop(32-taps) | Baugh-Woolev 23.788 60332
Vedic 48.374 10622

Table. 1I: Different taps of Fir Filter comparison between
Baugh Wooley and Vedic Multiplier

V. CONCLUSION

The designed FIR filter has lower power
consumption and less area than compared with other FIR
filters. The Baugh-wooley multiplier is used to multiply the
signed and unsigned binary numbers after generation of the
partial products addition at the last stage of Multiplication
and Kogge-Stone Adder (KSA) is used for this addition.
Any analytical power and area of our Multiplier design,
adder design and other previous designs are presented. This
analytical approach can also be used in other designs. By
this proposed methods we designed 8, 16 and 32 Taps as a
Low Pass FIR Filter, High Pass FIR Filter, Band Pass FIR
Filter and Band Stop FIR Filters. This project can also be
done as 32, 64 and 128 Taps as a Low Pass FIR Filter, High
Pass FIR Filter, Band Pass FIR Filter and Band Stop FIR
Filters in advanced technologies like 45nm, 32nm, 28nm
etc.
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