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Abstract-This paper presents the methods to reduce dynaowempconsumption of a digital Finite Impulse Resgmon
(FIR) filter these methods include low power senmlltiplier and serial adder, combinational boothltiplier, shift/add
multipliers, folding transformation in linear phasechitecture and applied to fir filters to redymever consumption due
to this glitching is also reduced. The minimum powehieved is 110mw in fir filter based on shifdachultiplier in
100MHZ to 8taps and 8bits inputs and 8bits coedfits. The proposed FIR filters were synthesizedédmpnted using
Xilinx ISE Spartan 3E FPGA and power is analyzeidgiXilinx XPower analyzer.
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[. INTRODUCTION

Finite impulse response (FIR) filters are wideledisn
various DSP applications. In some applications,RHe
filter circuit must be able to operate at high skemptes,
while in other applications, the FIR filter circuitust be

a low-power circuit operating at moderate samptesia
The low-power or low-area techniques developed
specifically for digital filters can be found inakRallel (or
block) processing can be applied to digital FIRefs to
either increase the effective throughput or redtlee
power consumption of the original filter. While
sequential FIR filter implementation has been given
extensive consideration, very little work has beleme
that deals directly with reducing the hardware
complexity or power consumption of parallel FIR€is
[1]. Traditionally, the application of parallel pressing

to an FIR filter involves the replication of thertievare
units that exist in the original filter. The topglpof the
multiplier circuit also affects the resultant power
consumption. Choosing multipliers with more hardsvar
breadth rather than depth would not only reduce the
delay, but also the total power consumption [2]oRof
design methods of low power digital FIR filter are
proposed, for example, in[3] they present a method
implementing fir filters using just registered aelsk and
hardwired shifts. They extensively use a modified
common sub expression elimination algorithm to oedu
the number of adders. In[4] they have proposed\elno
approach for a design method of a low power digital
baseband processing. Their approach is to optithiee
bit width of each filter coefficient. They definédhe
problem to find optimized bit width of each filter
coefficient. In[5] presents the method reduce dyicam
switching power of a fir filter using data transiti power
diminution technique (DPDT). This technique is used
adders, booth multipliers. In[6] this research msgs a
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pipelined variable precision gating scheme to impro
the power awareness of the system. This research
illustrates this technique is to clock gating tgis¢ers in
both data flow direction and vertical to data flow
direction within the individual pipeline stage bdsen

the input data precision. The rest of the paper is
structured as follow. Section2 gives a brief sunyrafr

fir filter theory and in Section3 presents the #&ggtture
adopted in our implementation. Comparison of our
implementation with those done is given at section4
Finally section5 provides the conclusion of thipga

1. FIRFILTER THEORY

Digital filters are typically used to modify or attthe
attributes of a signal in the time or frequency dam
The most common digital filter is the linear time-
invariant(LTI) filter. An LTI interacts with its iput
signal through a process called linear convolution,
denoted by y = f _ x where f is the filter's impals
response, x is the inputsignal,and y is the coresblv
output. The linear convolution process is formally
defined by:

yln]=x[n] * fn] =} x[n]f[n-k}=} fTk]x[n-k]. (1)

=0 =

LTI digital filters are generally classified as begifinite
impulse response (i.e., FIR), or infinite impulssponse
(i.e., lIR). As the name implies, an FIR filter aists of
a finite number of sample values, reducing the abov
convolution sum to a finite sum per output sample
instant. An FIR with constant coefficients is anILT
digital filter. The output of an FIR of order omigth L,
to an input time series x[n], is given by a finiersion of
the convolution sum given in (1), namely:
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(2)

y[n]=x[n]*f[11]=§‘f[k]x[n-k]‘

where f[0] O through f[L 1] O are the filtes L
coefficients. They also correspond to the FHRmpulse
response. For LTI systems it is sometimes more
convenient to express in the z-domain with

Y(2)=F(2)X(z). (3)

where F(z) is the FI® transfer function defined in the z
domain by L-1
o %
RZ)]:;uE fz]z

The Lth-order LTI FIR filter is graphically interpted in
Fig.1. It can be seen to consist of a collectionaof
“tapped delay line,” adders, and multipliers. Orielee
operands presented to each multiplier is an FIR
coefficient, often referred to as a “tap weight'r fo
obvious reasons. Historically, the FIR filter issal
known by the name “transversalfilter,” suggesting i
“tapped delay line"structure[7].

x[n] —-H-l -1 |—<—--| I

r[UY IUY ﬂ"zi m.—u

Fig. 1: FIR filter in the transposed structure.
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[1. IMPLEMENTATION FIR FILTER

In this paper, the linear-phase architecture andCMA
architecture are considered. There are four design
reduce the power consumption.

Mac Fir Filter Based Booth Multiplier :
A multiplier has two stage. In the first stage, freetial

products are generated by the booth encoder and the

partial product generator(PPG), and are summed by
compressors. In the second stage, the two finalymts
are added to form the final product through a fadder.

¥ Inpurt Buffer X Input Buffer I

Booth
Fucoder

Parrtial Product Generator
and Compressors

=

‘slgn:ll —1

Carry Propagation Adder
(CPA)
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module and compressor form the major part of the
multiplier. Carry propagation adder (CPA) is theafi
adder used to merge the sum and carry vector frem t
compressor module. For radix-4 recoding, the papula
algorithm is parallel receding or Modified Booth
recoding . In parallel radix-4 recoding, Y becomes:

| ( -2y2i+]1 + y2i+ y2i-1 ) 41 (5)

That truth table it shown in tablel.
Tablel. Truth Table for Booth encoding

Boc-th op.
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In our design we described Booth function as thrasic
operations, which they called ,directign,shift, and
»addition operation. Direction determined whether the
multiplicand was positive or negative, shift expli
whether the multiplication operation involved simift or

not and addition meant whether the multiplicand was
added to partial products. The expressions for Boot
encoding were stated below as :

Direction Dy=Y 1, (6)
Shift, S5 = Yai1 - (Y31 ® Yo * Yau' G ® Yo
=Y15%® Yy (7)
Addition, A=Y 0% Yo (8)
= i KX
5\% —

I 4

i e ;

Fig.3: Booth encoder and PP{m=21)

The Booth encoder was implemented using two XOR
gates and the selector using 3MUXes and an inverter
Careful optimization of the partial-product genamat

can lead to some substantial delay and hardware
reduction.[8] In the normal 8*8 multiplication 8 pal
products need to be generated and accumulated. For
accumulation seven adders to reduce power areugmqi

but in the case of booth multiplier only 4 parfiabducts

are required to be generated and for accumulaticeet
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adders, reduced delay required to compute pantiad s
and reduces the power consumption.[5]

Linear-Phase-Folding Architecture Fir Filter Based
Booth Multiplier

If the phase of the filter is linear, the symmettic
architecture can be used to reduce the multiplier
operation. Comparing Fig.1 and Fig.4, the number of
multipliers can be reduced half after adopting the
symmetrical architecture. But number of adders rama
constant and it is the basic model to develop the
proposed architecture.

yim]
Fig.4: Linear-phase filter with reduced number

of multipliers

Many algorithm transformation techniques are awddla
for optimum implementation of the digital signal
processing algorithms. Reducing the implementation
area is important for complex algorithms, such fas t
receiver equalizer in the metal link digital
communications. For example Folded architectures
provide a trade-off between the hardware speedtlzad
area complexity. The folding transformation canused

to design time-multiplexed architectures using less

Vol.-1(4), #8¢28) Dec 2013

Mac Fir Filter Based L ow Power Serial Multiplier
And Serial Adder:

Digit-serial implementation styles are best suited
implementation of digital signal processing systems
which require reduce dynamic power consumption for
desing MAC fir filter we use of low power serial
multiplier and low power serial adder consider tie
serial multiplier:shown in Fig.6 where the coeféiot
word length is four bits. this architecture congafiour

full adders, four multipliers, and some delay elataein
this multiplier the carry-out signal of every addefeed
back after a delay to the carry-in signal of thensa
adder. the critical path of this architecture isull-adder
delays. the traditional approach for designing digt-
serial structure involves unfolding this structurg a
factor equal to the digit-size n . however, theultasy
critical path would be w +n full-adder delays; whican

be further reduced to n full-adder delays afterefipng
reduction in the critical path below n full-addexlalys is
not possible because of the presence of feedbagis.lo
the multiplier (which is just an and gate in thésérial
case) fig.6 show low power serial multiplier.[10]

b;b,yby by

— 5]

— o
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silicon area. Power consumption can be even reduced Fig 6: low power serial multiplier

with the folding transformation. Thus folding is a
technique to reduce the silicon area by time mieltipg
many operations (e.g. multiply & add) into single
function units Folding introduces registers Compiata
time increased.Fig.5 show linear phase folding
architecture fir filter.[2]

Cln]

Wan
N

REG

Fig.5: linear phase folding architecture fir
filter.
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and show in next page VHDL code low power serial
adder is at the behavioural level. The interface
description contains data and control input andguatst
A single process statement in the function desonpof
low power serial adder encloses several sequeifial
then-else statements.
library ieee; use ieee.std_logic_1164.all;

use ieee.std_logic_signed.all;

entity serial_adder is

port(a,b,start,clock:in std_logic;

ready:out std_logic;

out_3:buffer std_logic_vector(15 downto 0));

end serial_adder;
architecture ar_serial_adder of serial_adder isinbeg
process(clock)

variable count:integer:=0;

variable sum,carry:std_logic:='0";

begin

if(clock 'event and clock="1") then
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if start="1' then

count:=0;
carry:='0"
else
if count<16 then
count:=count+1,;
sum:=a xor b xor carry;
carry:=(a and b)or (a and carry)or (b and carry);
out_3<=sum&out_3(15 downto 1);
end if;
end if;
if count=16 then
ready<="'1";
else
ready<='0";
end if;
end if;

end process;

end ar_serial_adder;

Fir Filter Based Shift/Add Multiplier:

Fir filter is implemented using the shift and addthod.
We perform all our optimization in the multiplietook.
The constant multiplications are decomposed in to
additions and shifts and the multiplication comjileis
reduced. Its possible to implement the design énttino
form described below:

The coefficients are changed to integer gettingtiplidd

to a multiple power of 10, then we arrange these
coefficients the positive power of 3. This procezlis
shown below in graph form. Graph branches stand for
left shift and notches stand for sum.

First we arrange decimal coefficients according to
negative and positive power of 2 (no need to theta i
integer). So the filter hardware and power consionpt
will reduce. Matlab code for implementation of
conversion any number based on power of 2:
x=input(‘enter a number:");

c=1;k=0;

if(x==0)

k(c)=0;

else

[i]=func(x);

While (x>=1)

© 2013, IJCSE All Rights Reserved
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k(c)=i;
X=X-2"Ni;
[i]=func(x);
c=c+1,
end

end

k

function [i]=func(x)

while (x>=2)
i=i+1;
X=XI2;
end
end
end
Design 1 %1000
c[0]=0.159 .c[1]=-.053 —» c[0]=159.c[1]=-53

c[0]= 128+16+8+2+1 = 27+2%+23+ 25421420
c[1]=-32-16-4-1 = -2°-2%.222°

N, h \,
N

XJ0] 'IH_‘I’ g]-—@ r—o—r—b}.iﬂ].\.TS‘Q

/ - .\L‘
o i
/-2 b N,
JJL#‘.\\. \\, \'\
K] g X[1}x-52
Design 2:
c[0]=3.75 )
C[0] = 2'=2 42220
. ¥
i b
R ™
/2! N\ ™,
/ﬁ" N “‘-\ \,
- / h _,_1 -
X[0] ‘—~—\-—~—‘-—-—-1 i r X[0]x3.75
IV. COMPARISIONS

Designs equipped to 8bit and 16bits adders, 8bit
multiplier and are accomplished via VHDL hardware
description language by using Xilinx ISE software
synthesized and implemented on FPGA in spartan3E
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family. Also power is analized using Xilinx XPower
analyzer. Tables [ILIILIV,V] shows the comparison
between power consumption , numbers of LUTS,
numbers of Slices and FFs and the type of deviehths
been used in different articles and the charatierid
our filters designed has been shown in tables VI,VI
Table Il. slices, LUTs and FFs Comparisons[3]

Table Il.slices,LUTsandFFs Comparisons[3]

Table IT.slices,LUTsandFFs Comparisons[3]

Filter(#taps) Slices LUTs FFs
Virtex I [3]
6 264 213 509
10 474 406 916
13 386 334 749
Table III. slices Comparisons[3]
Filter(#taps) Slices(add shift | Shces(MAC)
Virtex IV [3] method)
6 264 219
10 475 418
13 387 462
TableIV. Power Consumption [4]
Digital filter[4] Power consum ption(mw)
16-bits coefficient 1248
8-bits coefficient 502
Optimized bitwidth 450
TableV. Power Consumption8 taps, 16Dbits
coefficion. 8bits input[5]
Freq Signed Boaoath Booth Booth
) Booth ) .
array without ih with with
mukt oeot | ™" DPDT | DPDT
DRD ) .
using using
(mw) i) REG and
gate
(mw)
(rmrw)
25 612 469 423 326 368
50 1170 879 851 596 G669
75 1773 1297 1256 881 1018
100 2293 1703 1658 1137 1283
10007 g FIR Arriy s R PM b= FIR VP M
|4 - - - -
| 200
'E IRRIRRE
Yy B0
_—;-; il i —
i =
T —pq-—-__________‘K
2

0 v v T = 3

Fig.7: Power consumption of 8bits and 8 tap FIR
filter[6]
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TableVI. Power Consumption proposed filter

Propesed filter 25 50 73 100M
MHZ MHZ MHZ HZ
MAC_beoth(mw) 100 140 180 210
Linear g O ~2
pheas_folding_booth{m 110 150 190 230
w)
Shift'add forml (mw) 110 150 190 230
Shift’add form?2(mw) a0 120 140 110
Senizal multiplier and 4. 3 A &g
senal adder (mw) 112 126 141 15°
Fir_base{8bits 8taps) 130 190 250 300
{mw) N ) - -

TableVII. characteristic of our filters designed

Frequenc
Proposed filter Slic | FF |LUT | Ds |La | ¥
es s 5 P wch | (MHZ)
MAC_booth Reg
19 14 31 0 3 461.681
Lmear Reg
pheas_folding_boot 20 68 97 a & 145896
h
Shift‘add_forml
101 48 119 0 0 79.171
Shift'add_form?
118 72 208 0 0 54.669
Senal mulnpher
and serial adder 103 97 162 0 0 225
Fur_base(8bats Stap
s) 92 64 112 8 0 1040.585
V. CONCLUSION

In This paper we presented a low power and low area
FIR filter. For reduce power consumption and area w
are using of combination booth multiplier, low paowe
serial multiplier and serial adder folding transf@tion

in linear phase architecture. These filters wenagared
for area and power with other common implementation
and it demonstrated that our approach is most tafeec
for implementations with the constraints of low ttasd
low power. The proposed FIR filters have been
synthesized and implemented using Xilinx ISE Sparta
3E FPGA and power is analyzed using Xilinx Power
analyzer.
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