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ABSTRACT: Advancement in technology and scaling has 

raised the demand for effective electronic devices. But the 

major issue in development of these devices is the power 

dissipation and high performance. Designing of a VLSI 

circuit with optimization of different entities may reach low 

power concept. The very challenging issues in any effective 

integrated circuit are in terms of area, power and speed. In 

modern VLSI design power dissipation is the critical 

parameter. As there is tremendous growth of computer and 

Internet technology there is need for higher speed data 

transmission and that should be done in a powerful 

manner. FIR filters are widely used in various DSP 

applications and to save significant power consumption of a 

VLSI design, it is a good direction to reduce its power. This 

project demonstrates an effective method for reduce 

dynamic Power Consumption of a digital fir filter with 

appropriate multiplier and adder techniques are used in 

terms to obtain reduced power and higher performance of 

the design. This can done by the survey of the below 

mentioned papers. Then the design is synthesized and 

simulated on Xilinx ISE Project navigator tool. Power is 

analyzed by Xilinx power analyzer.  

Key words: Low Power, Multiplier, Adder, Xilinx ISE 

power analyzer. 

 

I. INTRODUCTION 

Complex signal processing is the challenging issue in any 
Digital communication system and there are many individual 

processors are developed for this processing operation. An 

information signal is mathematically manipulated by a 

Digital signal processing (DSP) to modify or improve it in 

some way. It is characterized by the representation of discrete 

time, discrete frequency, or other discrete domain signals by 

a sequence of numbers or symbols and the processing of 

these signals. The goal of DSP is usually to measure, filter 

and/or compress continuous real-world analog signals. The 

enhancement of the input signal is done by a most common 

processing approach called filtering. So DSP systems are 

mainly consists of digital filters for signal processing 
operation. Finite impulse response (FIR) filters are more 

efficient for signal processing since it is a recursive filter and 

gives linear phase response and no feedback(poles) reduces 

the system complexity,  stable system always, that are 

characterized by the extensive sequence of multiplication and 

addition operations. Due to the strict constraint of devices 

size and weight we have to concentrate more on power 

consumption. Hence there is a need for low power  

 

consumption devices. Block processing can be applied to 

digital FIR filters in terms to reduce the power consumption 

or to increase the performance of the original filter. Based on 

some applications, FIR filter circuits operates in different 

sample rates, it may b higher sample rate or low power 
circuit with moderate sample rate. As we know multiplier 

and accumulator circuits are effective operators of digital 

FIR filter, choosing of these device circuits affects the 

resultant power consumption. We can reduce the delay by 

choosing multiplier with more hardware breadth rather than 

depth, also reduce the total power. Digital filtering generally 

consists of some linear transformation of a number of 

surrounding samples around the current sample of the input 

or output signal. The main goal of this work is the high level 

optimization of filter designs to produce more power 

efficient results. In Digital filters the modification or 
alteration of a signal is to be processed in time or frequency 

domain. The most common digital filter is the linear time-

invariant (LTI) filter. An LTI interacts with its input signal 

through a process called linear convolution, denoted by 

y=h*x where h is the filter’s impulse response, x is the input 

signal, and y is the convolved output. The linear convolution 

process is formally defined by: 

𝑦 𝑛 = 𝑥[𝑛]  ℎ 𝑛 =  𝑥 𝑛 ℎ 𝑛 − 𝑘 =𝐿−1
𝑘=0

𝐿−1
𝑘=0

𝑘=0𝐿−1ℎ𝑘𝑥𝑛−𝑘                   (1) 

An FIR with constant coefficients is an LTI digital filter. The 

output of an FIR of order or length L, to an input time-series 

x[n], is given by a finite version of the convolution sum 
given in (1), namely: 

𝑦 𝑛 = 𝑥 𝑛 ∗ ℎ 𝑛 =  ℎ 𝑘 𝑥[𝑛 − 𝑘]𝐿−1
𝑘=0              (2) 

where h[0] ≠ 0 through h[L − 1] ≠ 0 are the filter’s L 

coefficients. Fig. 1 shows the basic block diagram for an FIR 

filter of length N. The delays result in operating on prior 

input samples. The ℎ𝑘  values are the coefficients used for 

multiplication, so that the output at time n is the summation 

of all the delayed samples multiplied by the appropriate 

coefficients. 

 
Fig 1. The logical structure of an FIR filter. 

http://en.wikipedia.org/wiki/Analog_signals
http://en.wikipedia.org/wiki/Digital_filter
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In this paper, MAC architecture is considered for 

optimization of multiplier and adder for reduced power and 

area efficient digital FIR filter architecture. 

 
II. RELATED WORK 

One of the design implementation of digital FIR filter using 

low power MAC by Shraddha S. Borkar, Awani S. 

Khobragade,  this  implementation includes low power 6 tap 

FIR filter design. They used Latch based and pipelining 

techniques for 6 Tap FIR filter to achieve Low power.  The 

power reduction is achieved through the usage of a MAC unit 

inside the filters that reduce the total activity and therefore 

the dynamic power. The basic building blocks for the MAC 

unit are adder and multiplier. These blocks are identified and 

each of the blocks is analyzed for its performance and power 

is calculated for each block. Digital FIR filter is given with 
finite state machine input values and filter coefficients. 1-bit 

MAC unit is designed with enable to reduce the total power 

consumption. They used MATLAB for filters design and 

VHDL code for synthesis operation. Active-HDL and Altera 

Quartus II used for simulation and functional verification is 

carried out simultaneously. It is seen by above techniques 

that Latch based design can reduce the dynamic power 

consumption by 92% and pipelining reduces that up to 95% 

of the result. 

Another important technique of FIR filters design by Ashish 

B. Kharate and Prof. P.R. Gumble. This paper mainly 
concentrated on the low power design. Clock gating and 

pipelining techniques are used to design and implement FIR 

filters to achieve low power. MAC unit is the major part of 

the FIR filter and in the majority of digital signal processing 

(DSP) applications the critical operations are the 

multiplication and accumulation. The purpose of this work is 

to design and implementation of Finite impulse response 

(FIR) filter using a low power MAC unit in turn to save 

power. Multiplier-Accumulator (MAC) unit that consumes 

low power is always a key to achieve a high performance 

digital signal processing system. For arithmetic circuits, a 
large portion of the dynamic power is wasted on un-

productive signal glitches. Glitches are due to converging 

combinatorial paths with different propagation delays. Signal 

glitching refers to the transitory switching activity within a 

circuit as logic values propagate through multiple levels of 

combinational logic .By using pipelining and block 

reordering methods one can reduce the glitches in the circuits 

in turn reduce the power consumption. D flip flop is used for 

clock gating operation. 

Another important implementation of  digital FIR filter by 

Mr. Pravin Y.Kadu, Ku. Shubhangi Dhengre. Here they 

proposed the design of FIR filter using high speed low-power 
multiplier with new implementing approach. FIR filter is 

used in many digital signal processing applications (DSP) 

and many other synthesis operations of signal require large 

order FIR filters, since the number of multiply-accumulate 

(MAC) operations required per filter output increases linearly 

with the filter order, hence implementation of these filters of 

large orders is a challenging task. The multiplier here they 

used is Vedic Multiplier. It will reduce the number of partial 

products generated by a factor of 2. The carry save adder is 

used in place of adder to avoid the unwanted addition and 

thus minimize the switching power dissipation. Here they 

designed FIR filter for 8bit adders and 8bit multiplier and are 
achieved via VHDL hardware description language using 

Xilinx ISE software synthesized and implemented on FPGA 

in Virtex IV family. Also power is analized using Xilinx 

XPower analyzer. The above proposed optimization 

techniques reduce the power dissipation in the digital FIR 

filter. 

Another important implementation of digital FIR filter for 

low power by Rupali Madhukar Narsale, Dhanashri Gawali. 

Signal processing in wireless sensor network has a vast range 

of applications. This paper reviews several techniques used 

for designing & implementing low power digital filters for 

wireless sensor network(WSN). In this paper they presented 
the methods to reduce dynamic power consumption of a 

digital Finite Impulse Response (FIR) filter. Here they 

proposed some techniques such as Modified Booth Encoding 

Algorithm combined with Spurious Power Suppression 

Technique, Low Power Digit Serial Multiplier along with 

carry look ahead adder, shift/add multipliers etc. These 

techniques are used to achieve low power consumption in 

VLSI-DSP applications, from algorithm and architectural 

levels to logic, circuits and device levels to reduce power 

consumption.  

Another important comparative analysis of Parallel FIR 
Filter by Nongmaithem Lalleima, Bidyalaxmi Devi, Vimal 

Kant Pandey. This paper deal with the design and 

implementation of parallel FIR filter structure on FPGA 

using 4 different parallel processing methodologies with 

minimal cost of hardware. This deals with the comparative 

performance analysis of traditional parallel FIR filter with 

respect to the FFA(Fast FIR Algorithm), transposition and 

symmetric convolution based parallel FIR filter. This gives 

the advantage of reduced hardware complexity and accurate 

processing of design. Since adders have no effect to the filter 

length and occupy less area than the multipliers, here 
multipliers are exchanged with adders. By Comparison result 

they showed that FFA and symmetric convolution based 

structures save significant number of multipliers with an 

expense of additional adders and exploits the hardware 

complexity incurred by the traditional structure. 

Another important paper on FPGA implementation of Digital 

FIR filter for low power by Bahram Rashidi, Farshad 

Mirzaei, Bahman Rashidi, and Majid Pourormazd. In this 

paper, the authors present implementation of a low power 

and low area digital Finite Impulse Response (FIR) filter. 

They mainly concentrated on Dynamic power dissipation on 

a digital FIR filter. So to reduce the power dissipation in the 
filter they considered use of low power multiplexer based on 

shift/add multiplier without clock pulse and they applied it to 

fir filter until power consumption reduced, thus power 

consumption due to glitching is also reduced. 

The importance of DSP systems with low power, low area 

and high performance appear to be increasing with no visible 

sign of saturation. Digital filters play a vital role in digital 

systems where Finite Impulse Response (FIR) filters are one 
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of the most widely used fundamental devices. The topology 

of the multiplier circuit also affects the resultant power 

consumption. Choosing multipliers with more hardware 

breadth rather than depth would not only reduce the delay, 
but also the total power consumption. Therefore by reviewing 

all the above mentioned papers, the low power multiplexer 

based on shift/add multiplier without clock pulse for reduce 

dynamic power consumption of a digital FIR filter is a better 

solution to reduce power. D flip flop is used for delay 

operation by retaining its stable input registered value. And 

also pipelining is better topology to minimize the total time 

taken for the design and also gives high performance. 

Therefore in our implementation we are using FIR filter 

design, based on Low Power Multiplexer Base Shift/Add 

multiplier. And also appropriate adder is chosen which 

consumes less power and effective performance to increase 
the speed. Till now, from the adders’ survey we found that 

Carry look ahead and carry select adders are designed for 

higher performance. Once the implementation of this FIR 

filter is completed, this filter is compared with other common 

implementations for area and power. 

 

III. CONCLUSION 

From review of various paper FIR filter we conclude that for 

reduce power consumption and area we using of shift/add 

multiplexer based multiplier and appropriate adder to present 

a low power and higher performance FIR filter. Modeling of 
multiplier and adder architectures in terms of low power and 

high performance. This filter is compared for area and power 

with other common implementations and obtains improved 

result comparison with conventional method.  
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