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ABSTRACT
High performance Finite Impulse Response (FIR) filters are extensively used in digital signal processing

(DSP), communications, image processing and many more areas. This project approaches Field
Programmable Gate Arrays (FPGAs) based on systolic FIR architectures using multi-channel technique 208
with symmetric coefficients to ensure faster response and optimum area. The embedded Digital Signal
Processing (DSP) blocks for its multiply-accumulator (MAC) perform accurate operations where the filter
architecture is efficiently realized in the reconfigurable hardware platform. The characteristics of systolic

FIR architecture are synchrony, modularity and regularity to make a perfect filter design. Also, its

pipeline structure provides high throughput and symmetric technique reduces the memory size. Both of

these techniques improve the overall performance of the FIR architecture in FPGA domain. The
proposed FIR architecture has been successfully verified by Xilinx ISE 14.7 tool. The design method

shows a great improvement of maximum operating frequency and save the area as compared to the

earlier architectures.
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INTRODUCTION for implementation of many stages of
Objectives communication system. FPGA's are
An Integrating all the blocks to construct a reprogrammable for various equipment

model in a single package has become the need
of the day. Field Programmable Gate Arrays
(FPGA) has become most popular among all the
integrating techniques available. Both logic
design and DSP based applications are
supported by FPGA’s. Lot of research on FPGA’s
are carried out to accelerate DSP applications.
Complicated system demands faster speed as
well as quick and fast system performance.
These could be done by optimizing a circuit to a
single problem. To achieve high throughput,
DSP systems dictate hardware intensive
solutions. If 40 million instructions per second
(MIPS) is the operating speed of a DSP chip, the
bandwidth requirement is lower as compared
to 500 KHz. Therefore, DSP processors are unfit
elSSN1303-5150

capacities with no expansion in the execution
cost as connected with custom ICs and ASIC's.

Reconfigurability and parallelism are the real
points of interest of FPGA's. Size/adaptability of
the rationale cell, speed and the directing
engineering are central point for a FPGA based
outline. The rationale cell executed on FPGA
can be a basic transistor or an unpredictable
structure like chip. FPGA's have two execution
approaches. One is through SRAM based LUT
and the second using multiplexer based
rationale components. Multiplexer based
execution is by and large quicker than SRAM
based outline, yet possess marginally more
prominent region. Commotion and other
undesirable sign parts of a sign can be
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evacuated by computerized channels. They
work on a limited accuracy computerized
representation of a sign. Simple signs are
changed over to advance by testing, quantizing
and coding. A small special purpose digital
computer then processes the obtained digital
signal and converts the input sequence into a
desired output sequence. Advanced preparing
of simple signs has a few points of interest. The
PC can be time shared for a few uses and the
computerized usage expense is impressively
lower than that of its simple partner.

Advanced channel's exactness depends just on
the word length, quantizing interim and the
testing rate. Instead of RLC segments, the
advanced channels utilize basic components like
adders, multipliers, shifters and postponement
components.

Subsequently they are not influenced by
elements like temperature, warm float and
others that influence the simple channel.
Advanced channels can be altered by changing
the PC calculation as opposed to simple
framework, which must be physically remade.
The execution of limited move band FIR
channels requires impressively more number of
juggling operations and equipment parts, for
example, multipliers, adders and postponement
components. To accomplish the same
frequency detail, FIR channels require higher
number of taps contrasted with FIR channels.
To actualize FIR channels, extensive number of
multiply and Accumulate (MAC) squares are
required. The operational velocity of FIR
channel is by and large a bottleneck for high
channel throughput. This makes them
unacceptable for FPGA usage. To stay away
from MAC operations, various Multipliers less
methods are being utilized. Among all the
accessible strategies, Distributed Arithmetic
(DA) is most appropriate for FPGA execution.
DA utilizes Look-Up Tables, adders and
movement registers to play out the separating
operation. In this system, LUT’s are pre
developed for all the conceivable blends of
inputs and the channel coefficients. They are
conjured while performing channel operation.
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In the present work an effective and upgraded
Distributed Arithmetic based strategy for rapid
reconfigurable outline and execution of FIR
channels is created. In practical applications of
digital signal processing, changing the sampling
rate of a signal is a major challenge to be
addressed. Multirate systems employing
multiple sampling rates in the processing of
digital signals are popular in DSP.
The objectives of the research work are listed as
follows:

» To FIR, filters designed for DSP provided
lesser throughput.
It formed a Dedicated Design.
Resulted in Reconfigurable Design.
Efficient Memory utilization.
To design a Reconfigurable architecture
to meet different specifications.

» Throughput to be improved.

» Reduced Power consumption
Problem specification
The execution of FIR channels on FPGA taking
into account conventional technique costs
significant equipment assets, which conflicts
with the diminishing of circuit scale and
increment of framework pace. FIR channels
utilizing Distributed Arithmetic is utilized to
build the asset use while pipeline structure is
additionally used to expand the framework
speed. Moreover, the isolated LUT strategy is
additionally used to diminish the required
memory units. FIR filter implemented using
basic Distributed Arithmetic architecture is
based on bit serial operation resulting in
increase in delay with decrease in speed of
operation. This is because the entire co-efficient
are stored in single LUT.
In Parallel DA architecture, instead of storing
the co-efficient in single LUT as in traditional DA
architecture, it is split into several ROM LUT’s.
All the LUT’s are provided with different inputs
at the same time, implying parallel mechanism.
This increases the speed of operation. The
disadvantages are, as the number of inputs
increases, required ROM structures
proportionately increases thereby resulting in
an increase in hardware utilization on FPGA.
Also data stored in ROM cannot be altered.
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Parallel DA architecture was improvised with
split LUT and slight modification in the
structure. Instead of using ROM for each input
data’s, LUT is fed with a set of 4 data’s. This
again resulted in parallel operation. The
structure provides flexibility to alter the
contents of LUT as against ROM usage.

The limitations of the structure were, as the
number of inputs increased, required LUT
structures proportionately increased thereby
resulting in an increase in hardware utilization
on FPGA, ensuing in reduction of speed of
operation. Disseminated Arithmetic based
methodologies for high-throughput
reconfigurable execution of limited drive
reaction channels whose channel coefficients
change amid runtime, traditionally, has a
downside that for reconfigurable DA-based
usage of FIR channel, the lookup tables (LUTs)
are required to be actualized in RAM and the

RAM-based LUT is observed to be expensive for

FPGA usage.

e  Existing FIR filters are not reconfigurable.

e Higher power consumption.

e Device utilization for the design is to be
improved.

e Excessive Memory utilization.

e Need to design a Reconfigurable
architecture to meet different
specifications.

e Need to improve on speed of computation.

e Throughput need to be improved.

e Need to reduce Power consumption.

METHODOLOGIES

The methodology followed for the research
work is as follows:

The work started with the understanding of the
basic working principle of FIR filter, the key
components required for the design of a filter,
the area and design complexity involved in the
usage of multipliers in the filter. After a broad
literature survey, multiplier less technique such
as Distributed Arithmetic Algorithm was found
as an efficient method for design of FIR filter. As
a First step of research work, implementation of
FIR filter using system generator was done.
Verification of behavioral functionality of the

elSSN1303-5150

developed model was done. Implementation of
FIR filter using Xilinx tool and verification of
behavioral functionality of the developed model
was completed. Also analysis for memory
utilization for the filter was made. Basic FIR
filter based on Distributed Arithmetic was
designed and implemented on FPGA. In a
conventional DA, as the contents of the Look up
Table is fixed, if there is a need for change in
the filter coefficients, whole of the architecture
on FPGA, had to be changed which was again a
major setback. To overcome the mentioned
setback, improvement or modification on the
existing algorithm was done which resulted in
Reconfigurable Distributed Arithmetic
architecture where the filter coefficients could
be changed at the runtime without any change
in the architecture of the filter. Comparative
analysis of the developed design is provided to
show that the implemented design can achieve
the best results in terms of area and power
utilization. Application area of the implemented
FIR filter is also discussed.

LITERATURE SURVEY

In authors existing Back EMF detection is
important aspect of the sensor less control of
BLDC motor. In this paper, the BEMF detection
using FPGA based digital low pass filtering of
the line to line voltage using Least Pth-norm FIR
filter has been realized. Lower switches of the
legs are fed with PWM and upper switches are
fundamentally controlled. The HON_LPWM
strategy is used for the speed control as well as
for the BEMF detection. Various quantities, e.g.,
percentage current ripple, current magnitude,
line-to-line back EMF, speed, and switching
signals were analyzed for the case of varying
voltage with fixed duty as well as for varying
duty cycles with fixed DC voltage. It has been
analyzed that the back EMF detection with this
method has some limitations on duty cycle
because intermittent up and down peaks in
filtered BEMF waveform become high as we
increase or decrease duty out of certain band.
During the implementation of BEMF based
sensor less techniques, these up and down
peaks in BEMF waveforms have to be removed.
For this, further improved filtering has to be
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searched to assure proper wave shaping with
least delays in line-to-line BEMF zero crossings
for sensor less application. Whole system has
been implemented using Xilinx based System
Generator using Vivado 2014.4 design suite for
FPGA based programming in connection with
MATLAB/Simulink and WAVECT controller.
Simulation results and hardware results have
been verified.

In authors existing theapplication of FPGA-
based FIR filtering to increase the usable
bandwidth of a piezoelectric transducer used in
optical phase locking. We experimentally
perform  system identification of the
interferometer with the cross- correlation
method integrated on the controller hardware.
Our model is then used to implement an inverse
filter designed to suppress the low frequency
resonant modes of the piezoelectric transducer.
This filter is realized as a 24th-order FIR filter on
the FPGA, while the total input—output delay is
kept at 350 ns.

The combination of the inverse filter and the
piezoelectric transducer works as a nearly flat
response position actuator, allowing us to use a
proportional—integral (Pl) control in order to
achieve stability of the closed-loop system with
significant improvements over a non-filtered Pl
control. Finally, because this controller is
completely digital, it is straightforward to
reproduce. Our control scheme is suitable for
many experiments that require highly accurate
control of flexible structures.

FIR FILTER OPERATION

Digital filtering is executed in two ways, utilizing
either FIR Filters Simulink. An FIR Filter is a
crucial sort of channel that is utilized as a part
of DSP over FIR channel. The reaction of such a
channel is limited in view of the non -
attendance of criticism. Applications of FIR filter
includes video and communication systems
because of guaranteed stability, absence of
overflow oscillations, ability to implement filters
with linear phase response, ease of

implementation,  computational efficiency
achieved to great level, possible to implement
filters with coefficients less than one.

Also FIR filters are the key ingredient of DSP
which are used in the applications such as signal
pre-processing, antialiasing, band selection, and
interpolation (increasing the sampling rate) and
low pass filtering. FIR filter becomes the best
choice when there should not be any noise in
the filter as there is no necessity of truncation
or rounding of the bits after multiplication.
MATLAB based Simulink Tool outlines the
model based chart and reproduction,
mechanized code era and check of relating
configuration on top of the line FPGA's. Channel
Design and Analysis (FDA) Tool is an effective
device in MATLAB Signal Processing Tool box,
with the assistance of which we can outline and
break down Simulink,BproductsBvarious sorts of
filters. The late advance in programming
apparatus improvement is to bolster DSP
applications broadly in FPGA's. Framework
Generator for DSP™ is the Industry's driving
abnormal state apparatus for planning elite DSP
frameworks utilizing FPGA's.

System Generator instrument gives Simulink
libraries to outline Arithmetic, Logical,
Mathematical, Memory squares and DSP
capacities. The DSP capacities incorporate FIR
Filters and Transforms. The outlining of a Filter
basically involves two fundamental strides that
finish the configuration procedure. The initial
step is the era of coefficients and the second
step constitutes the re-enactment of channel
utilizing the created coefficients. In spite of the
fact that FIR Filter outline is confound, the focal
points persevering permits them to be broadly
utilized for sifting applications when contrasted
with FIR channels. FIR channels do not give
security at higher requests while the FIR
partners are constantly steady and are
especially valuable for applications
whichrequire definite direct stage reaction. The
FIR filter represented by Egn (2.1) has a general
structure as shown in Fig 2.1.

The FIR filter represented by Equation (2.1) has a general structure as shown in Fig 2.1.

Y(n) = Z¥-2 h(k).X(n - k)
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Where the output of the filter is, is the input data, are the filter coefficients and N represents number of
filter coefficients or taps. The filter structure requires N multipliers and (N-1) adders for the
implementation. An FIR Filter structure of Fig 2.1 consists of multipliers, adders and delay elements.
Implementation of multipliers on FPGA consumes large area; also, the design of multipliers is a complex
task, which requires large resources resulting in high cost.

[ren ] [xen ]
z! |—.—>{ 7'

Y(n)

‘ X(n)

Fig 2.1 General FIR Filter structure

PROBLEM DEFINATION

FIR digital filter is widely used in several digital signal-processing applications, such as speech processing,
loudspeaker equalization, echo cancellation, adaptive noise cancellation, and various communication
applications, including software-defined radio (SDR) and so on. Many of these applications require FIR
filters of large order to meet the stringent frequency specifications. 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. 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. Filter coefficients very often
remain constant and known a priori in signal processing applications. This feature has been utilized to
reduce the complexity of realization of multiplications.

Several designs have been suggested by various researchers for efficient realization of FIR filters (having
fixed coefficients) using DA and multiple constant multiplication (MCM) methods. DA-based designs use
LUTs to store precomputed results to reduce the computational complexity. The MCM method on the
other hand reduces the number of additions required for the realization of multiplications by common
sub expression sharing, when a given input is multiplied with a set of constants. The MCM scheme is
more effective, when a common operand is multiplied with more number of constants. Therefore, the
MCM scheme is suitable for the implementation of large order FIR filters with fixed coefficients. But,
MCM blocks can be formed only in the transpose form configuration of FIR filters.

Block-processing method is popularly used to derive high-throughput hardware structures. It not only
provides throughput-scalable design but also improves the area- delay efficiency. The derivation of
block-based FIR structure is straightforward when direct-form configuration is used, whereas the
transpose form configuration does notdirectly support block processing. But, to take the computational
advantage of the MCM, FIR filter is required to be realized by transpose form configuration.

EXISTING METHOD

In the world of smart technology, data security is a crucial entity for every individual. The techniques for
securing data are in high demand and became challenging for the designers to come up with efficient
ways based on the requirements. The expanding areas of networks and security demand more number
of efficient algorithms for use in cryptography. Many researchers have done phenomenal work and
existing various architectures with the advancements. Encryption is an essential criteria in cryptography
for data handling and processing. When explicit information from one environment is to send to the
other, then encryption of the data is necessary for security purposes. Cryptography provides pavement
for this restraint.
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It deals with encryption and decryption of the data such that the fundamental information transfer from
the sender to the recipient remains confidential. Thecryptographic algorithms which are used in advance
systems has motive principles of authentication and data secrecy. Performing modular multiplication is
one of the core operations in cryptography. Given two inputs P and Q of k bits each, where P is the
multiplier and Q is the multiplicand and modulus N of k bits, modular multiplication is given by eq. (1), in
which C represents the result of the multiplication. P = pk-1...p1p0 Q = gk-1...q1g0 N = nk-1...n1n0 C =
P x Q *mod (N) (1) In most of the cryptographic applications, modular multiplication algorithm tends to
be a time-consuming process. Therefore, for the efficient functioning of the algorithm and to decrease
time consumption, modular multiplication reduction is necessary.

CONVENTIONAL DIGIT-SERIAL MONTGOMERY MULTIPLIER

The conventional Montgomery multiplier [6] is constructed for m=6 and d=3, where m is the digit size of
each input and d is the bit size. The first stage in computing the results of the multiplier is the processing
stage. The partial product generation for the given multiplicand and multiplier takes place in this stage
with the combination of And- network and Adder-network. The multiplicand and the multiplier are of 6-
bit length each. The individual bit representation of multiplicand, multiplier and modulus N is given by
eq. (3). The complete Montgomery multiplication algorithm takes place in 2 cycles. In the first cycle of
the algorithm, 6 bits of multiplicand P and first 3 bits of multiplier Q are given as the inputs. In the
second cycle, the next 3 bits of the multiplier Q will be acting as the inputs. To choose the bits of
multiplier according to the cycle, 2:1 multiplexers are used. For each bit of the Q, a multiplexer is used
and based on the selection line, the required bits are chosen. If the selection line is high for all the 3
multiplexers, first 3 bits of Q i.e., (g0, q1, g2) will be propagated as inputs. If the selection line is low, the
next 3 bits of Q i.e., (q3, g4, g5) are propagated as inputs. In the first cycle of the algorithm, allthe carry
bits which are given as the inputs to the processing element are considered as zeros i.e, C=0. 6 bits of
multiplicand and first 3 bits of the multiplier generates partial products as shown in eq. (4).

MODIFIED MONTGOMERY MULTIPLIER

The modified Montgomery multiplier consists of 3 stages as shown in Fig. (1). The first two stages
perform the similar operation as in the conventional design [6]. The reduction cell in the conventional
design is replaced with the existing 12:6 Astute Compressor, making the design into a modified one. This
modification resulted in area and power efficient multiplier by reducing the complexity involved in the
usage and design of multiplexers in the reduction cell of the conventional design and by declining the
number of transistor count.

Processing Division
Element Cell
(PE) (bve)

Astute
Compressor

Fig. 1: Block Diagram of Modified Montgomery Multiplier

The modified Montgomery multiplier design lessened the number transistors to a notable
works for any 6-bit length input P and Q, but amount.

the value of N is restricted to 3 and 7. The 1. EXISTING 12:6 COMPRESSOR: ASUTE
results produced by the multiplier are accurate. COMPRESSOR

Using 45 nm technology in theCadence Virtuoso The compressor is a circuit that is used to
tool, the design of modified Montgomery depreciate the area by down turning the
multiplier with a combination of CMOS and PTL transistors count and reduce the overall power
logic [7] resulted in low power and area and delay for more reliable performance of a
efficient design. The existingastute compressor design [8]. This paper presents a 12:6 Astute

Compressor which compresses 12-bit input to
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6-bit output as shown in Fig. (3). The series of Modified Full Adders (MFA).
compressor consists of a Half Adder (HA) and a

A=
b

: @ Sum
/i

AND )— Carry
@h

Fig. 2: Modified Full Adder (MFA)

The modified full adder works for all the input combinations except for the input combination of 101
which is binary equivalent of 5. All the adders are connected in seriesand the Carry of each adder will be
propagated to the next successive adder as one of the inputs.

co
¢t ot
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Cal
c3 —— ) 03
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214
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Fig. 3: Proposed |2:6 Compressor:Astule Compressor
Types of gompressors

2064

Power Disspation(uW) ——)
=

0449

73 83

93 94
COMmpressons =)

Astute
00 | 448 nW
250 nwW

Astute

Fig. 4: Power Comparison of Various Compressors

The other inputs to the adders are the previous Sum part and the Carry part is neglected for the
stage Carry bits CO to C6 and Ccl to Cc5. exact output of 6 bit length. The output of the
Propagation of the Carry bits to the next compressor is the final output of the multiplier
successive adder takes place till the end. The after completion of 2-nd cycle. The Sum bits of
final adder in the compressor consists of only each adder will constitute the output bits. The
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first adder Sum bit is the Least Significant Bit EXISTING MONTGOMERY MULTIPLIER DESIGN
(LSB) of the final result, and the last adder Sum USING ASTUTE COMPRESSOR

bit is the Most Significant Bit (MSB). The design The existing multiplier is verified with the other
of the compressor has been done with a multipliers designed using different techniques
combination of PTL and CMOS logic style with to demonstrate its effectiveness.

78 transistors, which is equal t0o42% reduction 1) Analysis of Existing Multiplier in terms of
in the transistor count by CMOS logic style. The Power Dissipation and transistor count:
compressor produces an average power of The existing multiplier has been compared with
0.449 uW and a delay of 4.455 ns. The the various multipliers, designed using different
comparison of the existing compressor with the techniques in terms of power and number of
other compressors on FPGA [9] in terms of transistor count as shown in table

power, delay, and number of logic gates used is . The usage of pass transistor logic in
shown in Table I. The graphical representation combination with conventional CMOS logic
of power and delay comparison of the resulted in yielding low power and area efficient
existingastute compressor with the others design.

compressors are shown in Fig. (4), Fig. (5)

respectively.
xin)

. ' .
|'-0§_\’l— 2o W |:-Q u u;—h ‘f-| u fo_u
—uI ‘: L*E—ﬁ-'o 3‘-‘|5-’{[‘ —,j—o.-

M - Modfied Mentgamery Mutigher D-DFiglop A~ Carry Forward Adder
tin) - Random 60t rgut 1110 15 = Inputs to Mubpier  Yin) - Quiput of the flier
Fig. 7: 5th Order Low Pass FIR Filter

y(n) = 11.x(n) +12.x(n-1) +l6.x(n-5) (5) The virtue of its high stability and linear phase
general equation of the filter is given byeq. (5). response. It also have high capacity, fast
The filter design consists of multipliers, D- computation and in small size. Hardware
flipflops, and a carry-forward adder[15] as the efficient FIR filters are very much needful in
main elements as shown in Fig. (7). D-flipflop is various real time applications. In this context,
used in order to reduce the critical path delay of the outstanding features of FPGAs such as high
the filter. The carry forward adder which is used flexibility, high speed due to inherent
in the filter consists of a half adder and full parallelism and low development cost make the
adders as its functional elements in which carry suitable selection in hardware industry . Digital
of each adder is propagated to the next adder filters are extensively used due to its better
in series. The inputs to the adder are the accuracy, high precision and more reliable as
multiplier output and the D-flipflop output each compare with its analog filters. Generally, two
of 6-bit length each. The adder produces a 6-bit types of digital filters are available namely FIR
output, and the final output of the circuit is the and IIR. Digital FIR filters are stable, linear in
output of last adder present in the filter. The phase and can be efficiently implemented in
complete filter design has been done with 4254 reconfigurable platform.

transistor count and the filter produced an The limitation of IIR filters is only applicable in
average power of 216 uW and a delay of 1.09 ns particular area. There are several
PROPOSED METHOD methodologies present to improve FIR filter
Finite impulse response (FIR) filters are performance. Pipeline and parallel processing
performed vital role in signal processing by are the techniques to increase operating speed
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of the FIR architecture at cost of hardware
complexity and latency . Pipeline is basically
inserting a register in each stage and parallel
processing is the method to generate multiple
inputs-outputs in one clock cycle. Another
procedure to obtain high performance FIR filter
is the process of Distributed Arithmetic (DA)
technique which is basically multiplier-less
architecture. DA based FIR filters in FPGA are
cost effective. Systolic FIR filter is efficiently
realized in hardware domain. The
characteristics of systolic architecture are
simplicity, modularity, regularity and controlled
by a global clock with specific duty cycle .
Systolic based FIR filters have maximum
performance using pipeline and parallel
processing technique.

The numerous advantages of systolic
architecture incorporate in FIR architectures
make a highly demand in signal processing
applications. In  literature, various FIR
architectures have been realized, like direct FIR
structure; transposed form, parallel FIR filter
and multi-channel FIR filter. In article, the
authors proposed Time Division Multiplexer
(TDM) based multichannel FIR filter using
concept of resource sharing principle. This
technique reduced area with operating
frequency up to 480MHz. Highorder systolic
based FIR filters in FPGAs were presented in
literature. The structure saved the slices and
improved operating frequencies up to 526 MHz
for 90 taps FIR filter using DA. The systolic

based FIR architecture using DA technique is
1 1

being proposed in article [8]. The design
implemented in FPGA and measured the less
power-delay product. This paper presents
hardware efficient single-channel symmetric
systolic FIR (SSSFIR) filter and multi-channel
symmetric systolic FIR (MSSFIR) filter. Multi-
channel FIR filter operates in multiple data
stream using same coefficients or different
coefficients for all channels. Symmetric
coefficients in FIR implementation save
hardware  resources. Key  performance
parameters of FPGAs are comparable between
existing and proposed FIR filters.
Implementation of the proposed FIR filters
show that great reductions of slices (area) with
high processing speed.

l. REALIZATION OF FIR FILTERS

The following sub-sections describe different
types of FIR architectures.

A. Direct form FIR filter

An FIR filter basically consists of adders,
multipliers and delay blocks which are called
MAC units. A direct form FIRfilter is adder tree
structure to increase hardware resource. The
conventional FIR filter. The input sequence x[n]
are multiplied by N-bit coefficients of hi and
produce output sequence y[n]. The coefficients
values control the characteristic of the FIR filter
like low-pass filter, high-pass filter etc. The
latency is measured in the order of log2 (taps
number) and number of DSP blocks require for
this system is (taps number/2). Fig. 1 shows FIR
architecture using direct form.

0

Fig. 1. Direct for FIR filter

B. Systolic FIR Filter

The systolic FIR filters normally are an optimum
solution of direct form FIR filters. The systolic
architecture has multiplier-adders chain to fully
utilized pipeline FIR structure [9]. The input data
are fed into series of one unit delay flipflops or
registers which are representing as buffer units.
The adder chain accumulates the inner products

elSSN1303-5150

and produces the final output. Fig. 2 shows
systolic FIR filters with four coefficients in form
of DSP blocks. The DSP blocks optimize design
implementation with improve in latency. Due to
absent of adder tree, this technique saves the
hardware resources than direct form FIR
architecture.
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Fig. 2. Systolic FIR filter

The parameter such as latency is measured by
tap number and the DSP blocks are half of the
tap number. Systolic FIR filter consumes N slices
for N coefficients.

C. Single-channel Symmetric Systolic FIR Filter
(SSSFIR)

In symmetric coefficient sequence of FIR filter
can save hardware resource for its
implementation stage [10]. The number of
multipliers can halve by adding data before
multiplication and this process allows twice
sampling rate of the filter (assume same clock
frequency). In a symmetric FIR filter, two data

A
samples are added and then multiply with a

coefficient. Hence, two multipliers are replaced
by one multiplier [11]. The resource utilization
of the symmetric systolic FIR filter is calculated
as Slices = (n+1) * (N/2) + (n/2) (3) Where n and
N represents the input bit width and
coefficients number of the FIR filter
respectively. The latency is the half of the
number of taps and the numbers of DSP blocks
are one fourth of the number of taps. Fig. 3
shows therealization of SSSFIR filter with 18-bit
coefficients. The white boxes represent delay
elements.
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a) Basic DSP Block of SSSFIR filter

T

t
E

DSP Block DSP Black

DSP Block DSP Block

b) 16-tap SSSFIR filter with 4-DSP block

Fig. 3
D. Multi-channel Symmetric Systolic FIR
Filter (MSSFIR):

Multi-channel FIR filters have multiple data
stream which are frequently required in signal
processing. In this process, the same hardware
resources are applicable for multiple
applications. Considering a 4-channel FIR filter,
the clock speed should be 4- times of the
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SSSFIR filter

incoming data in each channel. Similarly, the N-
channel FIR filter clock speed would be Ntimes
for a single channel data rate. The clock speed
initiatesto compute the data output for every
channel of the FIR filter. Fig. 4 shows a 16-tap
MSSFIR filter. The numbers of channels are
always less than the number of delay elements.
Each rectangular box represents a delay
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element and the red boxes represent the one element.
unit more delay than black boxes delay
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U

DSP Block DSP Block DSP Block DSP Block

Fig. 4. 16-tap MSSFIR filter
In addition, symmetric coefficients reduce computation time and multiplier units. Hence,
implementation of proposed MSSFIR architecture is less resources utilization inFPGA domain and
performs high operating frequency as compare with other architectures likeDA FIR, Parallel FIR and
simple systolic FIR filters.
SIMULATION RESULTS

Figure 6.1 Simulation outcome
The figure 6.1 represents the simulation outcome of N-stage fir filter. Here, Ho, h1, h2, h3 and h4 are
the impulse inputs, x is the data input and resultant outcome is stored into data out.

Device Utilization Summary (estimated valucs) 5]
Logic Utikization Used Available Utilization
Mumber of Sice Regsters 32 408000 o
.¢hnbe' of Skee LUTs 116 204000 | 0%
.Hll'bt‘ of fully used LUTFF parrs [ 2 126 7
Murbes of bonded 1085 | 1 500 5
Mumber of BUFG/BUFGCTRLS | 1 32

Figure 6.2:Design summary
Figure 6.2 represents area utilization by the proposed method; out of available 408000 slice registers,
only 32 are used. Out of available 20400-slice look up tables, only 116 are used, so the area
consumption is reduced.

Figure 63 Time summary
Figure 6.3 represents time utilization by the proposed method, and the existing method consumes total
5.45ns of path delays, which includes 0.473ns logical delays and 4.981ns of route delays, respectively.
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Figure 6.4: Proposed power summary

Figure 6.4 represents power utilization by the
proposed method, and the existing method
consumes total 0.165 watts of power,
respectively.

CONCLUSIONS & FUTURE ENHANCEMENTS
CONCLUSIONS

This project briefs prototype for implementing
systolic-based symmetric FIR filter using multi-
channel process. The proposed FIR filter is
highly stable and provides excellent
computational speed. The proposed
architecture reduces total number of slices
which indicate optimum area and also improves
maximum frequency response. In comparison
with earlier FIR filters suggested that the
proposed symmetric multi-channel systolic FIR
filter offers substantially reduction of hardware
resources and improves the operating speed. In
future, the modified algorithm uses limited
numbers of slices on FPGA device and these can
be suitable in modern communication system.
In addition, the proposed solution can be used
in signal processing applications.

FUTURE WORKS

Distributed Arithmetic (DA) based method is
often preferred since it eliminates the need for
hardware multipliers and is capable of
implementing large filters with very high
throughput. The most widely used design
metrics to quantify the performance of an FIR
filter are high throughput/speed (maximum
frequency), area (occupied slices), Latency
(clock cycles), power (milli watts). Bit serial DA
algorithm computes the dot product of two
vectors by a sequence of Look-Up Table (LUT)
accesses followed by shift- VI accumulation
operations of the LUT output. In this
dissertation, an earnest effort has been made

elSSN1303-5150

to design four Field Programmable Gate Array
(FPGA) based FIR filter architectures using DA
with the goal of minimizing the area delay
complexity. Against this background, a novel
LUT-less architecture for the DA based FIR filter
with the carry save adder and a modified left
shift accumulator is developed that yields a
higher speed and significant reduction in the
area over the existing LUT-less designs. For
high-speed applications, carry-save adders are a
better choice than ripple carry and carry look
ahead adders. The ensuing work of this
dissertation is focused to further augment the
speed of FIR filters. Two innovative
architectures for DA based FIR filter using a new
bit-serial shift accumulator was devised to meet
the above perspective. The modified
shiftaccumulator composed of pipelined bit
serial adders reduces the critical path, thereby
yielding a higher speed of operation with a
small escalation in the number of occupied
slices. The highlight of the dissertation has been
the innovation of a systolic architecture for the
FIR filter for applications that require medium
speed with moderate area resources. This
research work is further extended to develop a
new architecture for high- speedFIR filter, with
linear rows of processing elements and a new-
pipelined shift accumulator tree that results in
low latency and fewer hardware resources. The
performance of the existing architectures has
been substantially validated through their
implementations on the Xilinx FPGA platform,
and a detailed comparison of the design metrics
with the existing vii methods is also presented.
The results exhibit the important characteristics
of each architecture in view of their
performance, and the selection of a better
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architecture for an application based on the
requirements of modern digital technology era.
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