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The design of low power high performance FIR filter unit is presented in this paper. The power analysis for FIR filter unit
is carried out for signal processing application and the power consumption of the FIR filter has reduced using the developed
hybrid encoded multiplier to multiply the input value and coefficient. The technique disables the function of multiplier when
the consecutive filter coefficient values are same. By this technique both the switching activity and power consumption of the
FIR filter are reduced. The power consumption of the developed multiplier is compared with existing multiplier techniques
and found that is performs better. It is observed from the simulation using SYNOPSIS EDA tool that the FIR filter with
coefficient reusability technique saves 19% of power compared to the filter without coefficient reusability technique.
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1. Introduction

The growing popularity of portable and multimedia devices such as video phones and note books have motivated the
research to design low power VLSI circuits in the recent past. The real time implementation of image processing system is
expected to consume high computational power and has high data throughput rate which limits the use of general purpose
processors [1]. Moreover Application Specific Integrated Circuits (ASICs) rely on efficient implementation of various
arithmetic circuits for executing the specified algorithms. It is well known that if the density of transistor increases, the
complexity of arithmetic circuits also increases and consumes more power. This has further motivated the design of low
power VLSI circuits with new concepts. It is also clear that the reduction in power consumption and enhancement in the
circuit design are expected to pose challenges in implementation of wireless multimedia and digital image processing
systems where multiplication and multiplication-accumulation are the key computations. In the recent past, the researchers
proposed various design methodologies on dynamic power reduction by minimizing the switching activities [2].

Saravanan & Madheswaran [3] have proposed Partially Guarded Computation (PGC) which divides the arithmetic units
into two parts and turns off the unused part to minimize the power consumption. It was reported that the PGC can reduce
the power consumption by 10% to 44%. Later, Chen et al [4] have presented a multiplier using the Dynamic Range
Determination (DRD) unit to select the input operand with a smaller effective dynamic range that yield the Booth codes to
reduce 30% power dissipation compared to conventional method. Later, Tsoi and Leong [5] have presented a module
generator for producing near-optimal parallel multipliers in a technology independent manner. The process of multiplication
has broken into a partial product generator and a partial product summer. Saravanan and Raja [6] have reported that the
spurious power suppression technique can be applied on both compression tree and modified Booth decoder to enlarge the
power reduction. The combination of the signal flow optimization, left-to-right leapfrog structure and upper/lower split
structure was incorporated in the design to optimize the array multipliers by Huang and Ercegovac [7]. It was reported that
the new approach can save around 20% power dissipation and Pieper et al [8] presented a dedicated block for radix-16 and
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radix-256 multiplication. These blocks were used as basic components of the structure of the 2°s complement radix-2™ array
multiplier.

The design of low voltage micropower asynchronous signed multiplier was demonstrated by Saravanan and Senthilkumar
[9]. The emphases of the design were reduction in power and area. Saravanan and Madheswaran [10] have presented a power-
aware signed digital multiplier by taking the advantage of a 2-dimentional bypassing method for Fast Fourier Transform
(FFT) and Inverse Fast Fourier Transform (IFFT). This multiplier is carried out by Baugh-Wooley algorithm using novel 2-
dimentional bypassing cells. Veeramachaneni et al [11] have presented a novel architecture for high speed, low power 3-2,
4-2 and 5-2 compressors capable of operating at ultra-low voltages. The emphasis on the use of multiplexers in arithmetic
circuits resulted in high speed and efficient design. Saravanan and Madheswaran [12] have implemented a 7:2 compressor
based on conventional architecture and delay is reduced by one XOR compared to the conventional design. Yeh and Jen
[13] have presented a design methodology for high speed Booth encoded parallel multiplier and reported that the generated
partial products showed the improved performance. Saravanan and Madheswaran [14] have recommended an improved
Modified Booth Encoder (MBE) multiplier design to reduce and rearrange partial products. This has reduced the gate count
and improved the performance of the multiplier. Chong et al [15] have described the design of micropower 16x16-bit
multiplier for low voltage and low speed applications including hearing aids.

Chen et al [16] have proposed an efficient spurious power suppression technique and applied on transform coding design
for H.264 compression technique. It was shown that the spurious power can be reduced. The Spurious Power Suppression
Technique (SPST) using AND gates in the detection logic has been used to develop the multiplier and reported by Chen and
Chu [17]. The performance of the design for various bit-width input data has been investigated. The efficient implementation
of digital signal processing algorithms has always been critical for the design of embedded systems suitable for real time
applications. Senthilkumar, A.S. and Natarajan mentioned that the power-performance trade-off is being encountered in the
design of Finite Impulse Response (FIR) digital filters, which are the fundamental components of several DSP algorithms for
DSP core realization [18]. Although their general architecture permits an easy implementation, it requires an excessive
amount of hardware complexity, leading also to significant amount of power.

Thus, many design techniques have been presented by the researchers targeting the reduction of total power dissipation.
Mehendale et al [19] have addressed the problem of reducing power dissipation of FIR filters implemented and described a
generic DSP architecture. The authors have presented seven transformations to reduce power dissipation on these sources.
Rajaram et al [20] have developed a technique for the design of Finite Impulse Response (FIR) filter within an evolvable
hardware framework using Genetic Algorithm (GA) aimed at noise cancellation.

This implementation reduces the number of generations required to provide time bound optimal filter configuration and
improve the quality of the filter designed. The efficient implementation of parallel and serial programmable FIR filters has
been studied and presented by Bekiaris [21]. In the parallel merged architecture, both the input data and the coefficients
operated in bit form the parallel combination. Reconfigurable Multiplier Blocks (ReMB) offered significant complexity
reductions in multiple constant multiplications in time-multiplexed digital filters. The ReMB technique which has been
employed in the implementation of a half-band 32-tap FIR filter was presented by Saravanan and Madheswaran [22].

Mirzaei et al [23] have presented the implementation of high speed FIR filters using registered adders and hardwired
shifts. A modified common sub-expression elimination algorithm was used to reduce the number of adders. The
implementation and optimization of low power decimation filters for multi-standard wireless transceivers has been proposed
by Khouja et al [24]. The power reduction is achieved through the low power MAC unit which has been used inside the filter
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by reducing the total switching activity. The multiplication function of the MAC unit was based on the radix-4 modified
Booth algorithm for generating the partial product and carry save addition was used for partial product summation. A pipeline
stage was introduced to allow the accumulation of result of the partial product summation step and the previous multiplication
results. Experimental results showed a power reduction compared to conventional non optimized design. Muhammad et al
[25] developed the parallel transposed direct form architecture which operates on real-time input data samples. It consists of a
fast, low-area multiplier based on selection of radix-8 pre-multiplied coefficients in conjunction with one-hot encoded bus.
The area, speed, and power comparisons with other low-power implementation options were also shown. The developed
design lead to a compact layout and reduced power dissipation. Considering the above facts, it has been proposed to design a
low power FIR filter using hybrid encoded multiplier, low power adder and coefficient reusability technique. The performance
including power consumption has been evaluated and presented.

FIR FILTER DESIGN USING COEFFICIENT REUSABILITY TECHNIQUE

When specific DSP architectural choices were made the focus of multiplier architecture and number representation has to
be carefully considered. The impact of DSP architectural realization, multiplier type and the choice of number representation
on the overall power consumption of DSP devices. Digital FIR filters are used in signal processing like noise cancellation and
channel equalization. The FIR filter output as described in equation (1) is realized by a large number of adders, multipliers and
delay elements. The hardware and power can be optimized by limited architectural transformations.

Y[n]=>"'h[k]*X[n-k] ()

where Y[n] is the filter output, X[n-k] is input data and h[k] is the filter coefficient. Figure 1 shows a Direct Form (DF)
implementation of the FIR filter. Due to this continuous change at both inputs, the use of DF realization is expected to cause
high level of switching activity at both multiplier inputs. This will in turn cause a corresponding high switching activity within
the multiplier, leading to higher overall power consumption.
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Figure 1 Direct form implementation of a FIR filter
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However, the switching activity at data inputs of the multiplier is significantly reduced using the Transposed Direct form
(TDF) realization since the data input remains unchanged for a substantial number of multiplication operations. This results in
considerable reduction in switching activities within the multiplier circuit and consequently leads to less power consumption
than DF realization. An equivalent architecture in the TDF is shown in Figure 2.

X(n)

Figure 2 Transposed direct form implementation of a FIR filter

From the transposed architecture it is clear that the multiplier plays an important role in FIR filter and the number of
multiplication and addition operation depends upon the number of taps used. The overall power consumption of the FIR filter
is reduced by minimizing the power consumption of the adder and multiplier. The power consumption of the FIR filter can be
reduced using the developed hybrid encoded multiplier to multiply the input value x(n) and coefficient h(n). The technique
disables the function of multiplier when the consecutive filter coefficient values are same. By this technique both the

switching activity and power consumption of the FIR filter are reduced.

STRUCTURE OF COEFFICIENT REUSABILITY TECHNIQUE
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Figure 3 Structure of coefficient reusability technique
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The structure of co-efficient reusability techniques is shown in Figure 3. The control unit checks the similarity, if hy and

h; are same then the control unit latches the multiplier in Tapl. The output of Adder] is accumulated and the operation of the
multiplier is avoided which makes the switching activity and power consumption reduced.

RESULTS AND DISCUSSIONS
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Figure 4 FDA tool window

The low pass FIR filter with rectangular window having f=48000Hz, f=10800 Hz and 6dB attenuation at f; is
considered. The FDA tool window is shown in the Figure 4. The frequency and phase response of the developed filter are
shown in the Figures 5 and 6 respectively. The frequency is normalized with respect to sampling frequency.
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Figure S Frequency response of the designed filter (N=61)
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Figure 6 Phase response of the designed filter (N=61)

Tables 1 and 2 show the power consumption of the FIR filter using different multipliers without and with considering the
repeated coefficient values in 0.18um technology.

Table 1 Power consumption of FIR filter using different multipliers without considering repeated coefficients

Power in mw
Vad (VOltS)
Multiplier type
P P 1.6 | 1.8 | 2.0 | 2.2 2.4
Array multiplier 228 | 267 | 315 | 371 478
Booth multiplier 174 | 204 | 240 | 283 334
Hybrid multiplier 14 17 19 24 29

Table 2 Power consumption of FIR filter using different multipliers with considering repeated coefficients

Multiplier type
Array Booth |Developed
MAC type multiplier | multiplier | multiplier
0.13 {0.18| 0.13 |0.18| 0.13 |0.18
(um) |(pm)| (um) (pm)| (pm) (pm)

258 |267| 189 |204| 16 | 17

Without repeated coefficients
consideration
With repeated coefficients
consideration

231 1239 171 |182| 13 | 15
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Table 3 Power (in mw) analysis of FIR filter with and without repeated coefficients consideration using 0.13pm
technology (V44-1.3V) and 0.18um technology (V44-1.8V)

Multiplier type
MAC type Arf'a).f Bo?tl} Deve!op.ed
multiplier multiplier multiplier
0.13(um) [0.18(um) | 0.13(um) | 0.18(um) | 0.13(um) [ 0.18(um)
Without repeated coefficients
consideration 258 267 189 204 16 17
With repeated coefficients
consideration 231 239 171 182 13 15

It may be seen that the FIR filter with hybrid multiplier reusing coefficients provides better power saving compared with
array and Booth multiplier in both 0.13um and 0.18um technologies. Table 3 shows the power analysis of MAC with and
without repeated coefficient value consideration in 0.13um and 0.18um technologies. It can be seen that the power
consumption of MAC with repeated coefficients considered multiplier saves 19% than without consideration. And it may be
concluded that the coefficient reusability will reduce the power consumption of FIR filter DSP module.

CONCLUSION

The effect of coefficient reusability on the power consumption of FIR filter was examined and presented. It has been seen
that the FIR filter with repeated coefficient consideration consumes less power compared to the conventional FIR filter. The
comparative result shows that the developed FIR filter with hybrid multiplier provides better power saving compared to filter
with Booth and array multiplier. Moreover the FIR filter with coefficient reusability technique saves 19% of power compared
to the filter without coefficient reusability technique.
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