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ABSTRACT

In this paper, we have proposed a Dynamic Reconfiguration Scheme (DRS) for the FIR filter in which the existing
multiplier of the FIR filter is replaced by the proposed Estimation Distribution Multiplier Blocks (EDMB). The
important aspect of the proposed DRS is that it provides an efficient area and power optimization while
implementing in hardware. To ensure the versatility of the proposed method and to further evaluate the performance
and correctness of the structure in terms of area and power consumption, we have implemented the hardware in
Xilinx Virtex 7 Field Programmable Gate Array (FPGA) device and synthesized with Cadence RTL Compiler using
TSMC 180 nm standard cell library. The experimental analysis of the proposed reconfigurable design approach
takes speech signal as the benchmark input. The analysis shows that the proposed technique is better when
compared to the existing reconfiguration techniques with 43.60% power savings and 6.34% area reduction.

Keywords: Reconfigurable design, Digital signal processing, Speech signal processing, Finite impulse response
filter, Area optimization, Low power design.

1.0 INTRODUCTION

Different air-interfaces are implemented on a single generic hardware platform to support multi-standard wireless
communications [1]. The adjacent channel attenuation specifications of wireless communication standards are so
stringent that higher order filters are required to achieve high spectral containment and/or noise attenuation. The
explosive growth in mobile computing and portable multimedia application, has increased the demand for low
power Digital Signal Processing (DSP) systems. One of the most widely used important building blocks of DSP
system is Finite Impulse Response (FIR) filter. Reconfigurability, low complexity and low power are the key
requirements for FIR filters employed in multi-standard wireless communication systems. FIR Digital filter are used
extensively in mobile communication systems such as channelization, channel equalization, interference
cancellation, spectral shaping, matched filtering and pulse shaping due to their absolute stability and linear phase
properties. Recently, with the advent of Software Defined Radio (SDR) technology, FIR filter research in DSP has
been focusing on reconfigurable realizations. Since the ultimate aim of the future multi-standard wireless
communication receiver is to realize its functionalities in mobile handsets, where its full utilization is possible, the
low power and low area implementation of the FIR channel filters are inevitable.

Speech is an immensely information-rich signal formed by either frequency, amplitude or time modulated carriers to
convey information about words, speaker identity, accent, expression, style of speech, emotion and the state of
health of the speaker. Digital Filters are used to filter the audio data stream and increase the reliability of speech
signal. Specific frequency ranges may be removed or boosted using digital filters in an audio file in order to make
the audio file more realistic and pleasant to the human ear. The FIR filter finds tremendous usage in signal
processing areas which includes speech processing, spectrum analysis, media communications and low-pass
filtering.
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To evaluate the performance of the proposed technique, we have coded the proposed technique and the existing
algorithms [2,3,4,5,6] in MATLAB and Verilog HDL. We have synthesized and implemented the proposed and the
existing techniques in Xilinx Virtex 7 XC7V585T-2LFFG1761C device (Xilinx, Inc., San Jose, CA, USA) [7] and
Cadence RTL Compiler [8] using TSMC 180 nm standard cell library.

The paper is organized as follows: Section 2 presents a survey of existing low power and low area reconfigurable
techniques for finite filtering. In section 3, the motivation of the proposed work is discussed. The proposed Dynamic
Reconfiguration Scheme (DRS) architecture is presented in section 4. The discussion of the experimental analysis of
the proposed method is done in section 5. Finally, section 6 concludes the paper with future work ideas.

2.0 RELATED WORK:

In this section, various area reduction and power saving techniques for reconfigurable architectures of FIR filters,
are discussed. Fig.1 shows the various types of FIR filter design and their characteristics. Efficient structures for the
implementation of loop filters within FPGAs is discussed by Yair Linn et al. [9]. The limitation of the loop filter
method is that, the complexity of FIR filters is dominated by the complexity of coefficient multipliers. Hartley et al.,
[10] have presented the Common Subexpression Elimination (CSE) methods based on Canonical Signed Digit
(CSD) coefficients that produce low complexity FIR filter coefficient multipliers. The limitation of Hartley et
al.,[10] technique is that the determination of the gain by subexpression sharing in hardware is complicated. R.
Pasko et al., [11] have proposed a method for solving Multiple Constant Multiplication (MCM) by modified 2-bit
CSE technique. The limitation of MCM is that the input is multiplied with a constant value and it requires large
number of logic gates, which in turn, results in hardware complexity. A Non Recursive Signed Common
Subexpression Elimination (NR-SCSE) technique proposed by Marcos Martinez-Peir6 et al.,[12,13] increases the
speed of operation by minimizing the Logic Depth (LD). But this is done at the cost of accuracy and hence it is not
widely used. This limitation is overcome in the technique proposed by R. Mahesh et al., [14] in which the authors
have made use of the Binary Common Subexpression Elimination (BCSE) method which provides improved adder
reductions but the there is a need for large power requirements.

Linear FIR Filter

Maximally flat —— Equiripple —— Equiripple
| Least square L Least square
—— Window —— Window
——— Const. least squares ——— Const. least squares
——— Complex Equiripple —— Least pth-norm
—— Least pth-norm —— Generalized Equiripple
—— Constrained Equiripple —— Const. Band Equiripple

| Generalized Equiripple

—— Const. Band Equiripple

L Interpolated FIR

Fig. 1: Various linear FIR filter and its characteristics

Several low power implementation approaches for reconfigurable FIR filters have been proposed in literature [15-
21]. A method based on the pseudo floating point is introduced by A. P. Vinod et al., [15] which encodes the filter
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coefficients and reduces the complexity of the filter, but here there is a limitation in filter lengths. The main
disadvantage of the filter processors is that the area and power requirements are significantly large. A CSD based
digit reconfigurable FIR filter architecture proposed by Kuan-Hung Chen et al.,, [3] demands huge hardware
resources. The high speed programmable CSD based FIR filter architectures discussed in [16-20] are appropriate
only for relatively lower order filters and are not suitable for filters of higher order. Although, few works in the
literature addressed the problem of reducing the complexity of coefficient multipliers in reconfigurable FIR filters,
these were limited to low order filters and hardly any work has demonstrated the reconfigurability in higher order
filters. There is a need for developing an efficient complexity reduction technique for higher order reconfigurable
filters especially for speech signal applications.

The coefficient multiplication methods like Multiple Constant Multiplication (MCM) [27], Constant Shift Method
(CSM) and Programmable Shift Method (PSM) [28] consider the coefficients as constants and input signal as
variable. The advantage of CSM is that it produces high-speed filters at the cost of a slight increase in area and
power consumption. On the contrary, the PSM produces filters with low area and power consumption at the cost of
increase in delay.

H. Samueli et al., [29] and O. Gustafsson et al.,[30] describe the power consumption reduction in FIR filter, which
focus on the optimization of the filter coefficients while maintaining a fixed filter order. Low power digital filters
described by Jeffrey T. Ludwig et al., [2] and Amit Sinha et al., [32] are constructed from approximate signal
processing technique [31]. The digit reconfigurable FIR filter proposed by Kuan-Hung Chen et al., [3] and reduced
representation of 2’s complement representation proposed by Zhan Yu et al., [4] are realized in various frequency
responses using a single filter by coefficient decimation approach. In all the above works [29-36], large overhead is
incurred to support reconfiguration, because in FIR filtering the input and output signals are multiplied by
predefined constants, to exploit the redundant multiplications.

Reconfigurable FIR filters for dynamic power consumption have been introduced by Seok-Jae Lee et al., in [34].
This method is not suitable for real time input varying speech samples, because here the threshold is fixed for both
input samples as well as the filter coefficients and this results in the degradation of filter performance. Jiajia Chen et
al.,[37] proposed an efficient Reconfigurable Constant Multiplier (RCM) technique, which achieves greater
hardware savings but is limited by the latency of the subsystem. This limitation has been overcome by a new design
for the programmable FIR filters proposed by Jiajia Chen et al., in [38], which uses Extended Double Base Number
System (EDBNS). Albeit the reduction of logic complexity and the critical path [34], [37] and [38], the hardware
reduction for 8-bit coefficient filters are not significant. The above limitations have been addressed and a suitable
solution has been designed in the proposed dynamic reconfiguration scheme, which would provide more suitability
for the employment of the proposed method for improving the filter performance.

3.0 MOTIVATION FOR THE PROPOSED SCHEME

The emergence of demanding applications like image, audio/video processing and coding, sensor filtering, etc.
where in the power, speed, performance, system compatibility and reusability plays a major role which makes the
design of reconfigurable architectures imperative. The following are the problems of the existing reconfigurable FIR
filter techniques:

1. The threshold value is fixed for both the speech and sound samples input as well as the filter coefficients
input. This method gives power saving but there is a degradation in filter performance in terms of Mean
Square Error (MSE).

2. In the existing methods, multiplier-shifter by data processing unit [3], low power partial product generation
by compensation vector approach [4] and truncated multiplier [34] are used. In [3], zero, plus and shift
signals are given as input to the data processing unit which performs the multiplication. The control signals
are generated in serial in parallel out fashion. The multiplication result depends wholly on the three signals
mentioned above. The above method is not suitable for higher order filter. Compensation vector approach
discussed in [4] uses several logic gates which in turn leads to hardware complexity. In [34], the 4 bits of
the LSB are truncated, when the input samples as well as the filter coefficients are of high value. Thus this
results in loss of information and hence inaccurate output which in turn leads to poor performance. For
example, if the input is of 16 bit each, the output from the truncated multiplier is 24 bits instead of 32 bits,
and hence leads to improper filtering.

3. Constant threshold is fixed for all characteristics of filter such as Low pass equiripple, least square and
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window. This makes it difficult to distinguish the individual characteristics of each category of filter.

4. There is a significant overhead in the existing techniques, which makes use of the flip-flops, amplitude
detectors, control signal generator and the modified gates for turning off the multipliers.

5. A window named Multiplier Control Signal Decision window (MCSD) is fixed for monitoring the filter
coefficients and the taps are decided by control signal generator. MCSD window restricts the switching but
the size of the window [equal to 4] is fixed throughout the analysis. Taps are monitored only for those
coefficients present inside the MCSD window. Window size is not varied. When the taps are increased,
monitoring of all filter coefficients is essential for improving the filter performance.

All the above drawbacks have been addressed in the proposed Dynamic Reconfiguration Scheme (DRS)
using the Estimation Distribution Multiplier Block (EDMB) and a suitable solution has been suggested for
the same.

4.0 PROPOSED DRS USING EDMB:

In the design of digital FIR filter, the multiplier block occupies a larger area when compared to the adder structure.
For obtaining an area optimized design for FIR filter, we have proposed an Estimation distribution multiplication
technique. The proposed FIR filter is realized as Low pass type in transposed form structure. Different
characteristics of the filters namely Equiripple, least square, window based techniques are considered. Further the
Hamming and Bohman windows are also considered with varying stopband (W;) and passband frequencies (Wp)
normalized from 0 to 1. We have designed a 25, 50 and 75 taps reconfigurable FIR filters in the proposed method.
The proposed reconfigurable FIR filter is shown in Fig.2.

16

x(n) Pre-estimator -
—7  block —'E

\4

y(m)

Fig. 2: Proposed reconfigurable FIR filter with Estimation Distribution Multiplication Block (EDMB)

The data inputs X(n) of the filter, that have large variation in amplitudes, are multiplied with the coefficients which
also have large variations in amplitude. The basic concept of the proposed technique is that when the amplitudes of
inputs given to a multiplier namely, the data input and filter coefficient input are small, the resulting product will
also be proportionately small and this in turn, implies that the corresponding multipliers can be turned off.
Furthermore, this process will have a negligible effect on the filter performance.

Now let us consider the scenario where the input to the multiplier of the FIR filter are two negative values. In this
case, multiplication of two negative values gives rise to large switching activities, due to the series of 1’s in the
MSB part representing the negative value. By cancelling the multiplication of two small numbers, considerable
power savings can be achieved with negligible filter performance degradation. In order to incorporate the above
concept in the proposed scheme, we have designed the multiplier in such a way that when the filter coefficient C is
less than the filter coefficient threshold Cu, the multiplier shall be turned off. On the other hand, when the filter
coefficient C is greater than or equal to the filter coefficient threshold Cu, the multiplier is turned on. Thus the
proposed reconfigurable DRS based FIR filter dynamically changes the filter order.

In the proposed reconfigurable DRS technique the multiplier block in the filter design is replaced by Estimation

Distribution Multiplication Block (EDMB). The EDMB consists of Pre-Estimator block (PEB), Selection Block
(SB), and finally adder block. These sub blocks are explained in the following subsections.
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4.1 Area Efficient Multiplier-less Estimation distribution unit:

The vector scaling operation performs the multiplication of vector and scalar. The coefficients are represented in the
form of vectors. The vector units are called as alphabets. The group of alphabets are called as alphabet sets. The
alphabet sets are the common units. Whenever these units occur, the values which are pre-estimated will be
distributed to the units needed. The filters considered for the design includes 25 taps, 50 taps and 75 taps (low pass)
equiripple, least square and window characteristics. Further the Hamming window and Bohman window
characteristics with different pass band and stop band frequencies are also considered for analysis.

4.1.1 Decision Block:

In order to monitor the amplitudes of filter coefficient samples and cancel the multiplication operations, Decision
Block (DB) is used and its block diagram is shown in Fig. 3. The filter coefficient (Cy) threshold is fixed by
considering the average of all filter coefficients. The design of DB is dependent on the coefficient threshold. The
filter coefficient threshold Cu is changed adaptively depending upon the designer’s considerations. DB is
implemented using a simple comparator. When the filter coefficient C is less than the filter coefficient threshold C,
the control signal (Ctrl) value is made as ‘1’ and the multiplier is turned off. When the filter coefficient C is greater
than or equal to the filter coefficient Cy, threshold, the Ctrl value is made ‘0’ and the multiplier is turned on.
Depending upon the incoming real time input, the Ctrl signal is generated by the decision block. The Ctrl signal is
responsible for the on and off of multiplier.

Decision Block (DB)

C —— C < Cth »Ctrl = 1

Cth ————» C >=Cth »>Ctrl =0

Fig. 3: Decision block (DB) block diagram (where C is the filter coefficient and Cy, is the filter coefficient
threshold)

The overall block diagram of Proposed Pre-Estimation Distribution block is shown in Fig. 4. The proposed PEB
gives the estimation values of all the filter coefficients. The filter coefficient values can be pre-estimated and are
placed in the PEBs.
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Fig. 4: Overall block diagram of Pre-Estimation Distribution block

4.1.2 Pre-estimator Block:

We have proposed a pre-estimator that performs the multiplication of only the repeated bits of alphabets with the
input sample. The major significance of using a Pre-estimator is that it lowers the complexity of the design. Since
alphabets are small bit sequences, the multiplication with input X and alphabets can be done without compromising
the performance. Once the number of multiplications of alphabets with input X are calculated by the pre-estimator,
the outputs are distributed to all the Selection Blocks (SBs), which reduces the computational complexity of the
filter. This is the main significance of the proposed EDMB as it removes the redundant multiplications, which in
turn, has an effect on the filter performance in terms of area reduction and power saving. The FIR filter coefficients
are fixed for individual characteristics of the filter. For example, the 25 taps equiripple FIR filter will have the filter
coefficients as C(0) = 11111101, C(1) = 00000011, likewise all the other coefficients are taken. Half of the filter
coefficients values will be repeated because of linear symmetric characteristics of the FIR filter. In case of 25 taps
FIR filter, the coefficients C(0) to C(11) will be repeated for the coefficients from C(13) to C(24). The value of the
filter coefficient C(24) will be same as the filter coefficient C(0) and the value of the filter coefficient C(23) will be
same as the filter coefficient C(1) and so on. The centre filter coefficient C(12) will have the maximum value.
Hence, the pre-estimate values can be calculated only for the coefficients ranging from C(0) to C(12). After
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analysing various filter coefficients with respect to the FIR filter characteristics and in order to cover every possible
coefficients and perform general multiplication operation between the sample input and the filter coefficient input,
eight alphabets {1, 3,5, 7,9, 11, 13, 15} are chosen.

4.1.2.1 Calculation of Pre-Estimates:

The Pre-Estimates can be obtained by dividing the coefficient of 8 bits as two 4 bit values. The individual 4 bit
values are termed as alphabets. The group of alphabets form an alphabet set.

Consider the 25 tap low pass equiripple characteristics with pass band frequency (W, = 0.10) and stop band
frequency (W, = 0.38) normalized from 0 to 1. The first ten filter coefficients of the 25 tap low pass equiripple filter

is expressed in binary values as follows:

C(0) = 00000000; C(1) = 00000001; C(2) = 00000010; C(3) = 00000011;C(4) = 00000110
C(5) = 00001000; C(6) = 01011111; C(7) = 01110110; C(8) = 11110001; C(9) = 11111101

The alphabets are C(1) [3:0] = 0001, C(2) [3:0] = 0010, C(3) [3:0] = 0011, C(4) [3:0] = 0110,
C(5) [3:0] = 1000, C(6) [3:0] = 1111, C(6) [7:4] = 0101, C(7) [7:4] = 0111, C(9) [3:0] = 1101.

The alphabets are taken as 4 bits from each filter coefficient but the redundant bits are avoided.

The alphabet set for the above FIR filter specification is given below:
Alphabet set: {0001, 0010, 0011, 0110, 1000, 1111, 0101, 0111, and 1101}

The multiplication of the input with first four filter coefficients of low pass equiripple FIR filter is described below:

C(0).X = 00000000.X = 2°.(0000).X (1)
C(1).X = 00000001.X = 2°.(0001).X )
C(2).X = 00000010.X = 2'.(0001).X ?3)
C(3).X = 00000011.X =2°.(0011).X ()
C(4).X = 00000110.X =2'.(0011).X )
C(5).X = 00001000.X = 23.(0001).X (6)
C(6).X=01011111.X = 2°,(1111).X + 24.(0101).X (7)
C(7).X =01110110.X = 2'.(0011).X + 2.(0111).X (8)
C(8).X = 11110001.X = 2°.(0001).X + 24 (1111).X )
C(9).X = 11111101.X = 2°.(1101).X + 2*,(1101).X (10)

In the above example the alphabet set (0001) is used for computing C(1).x and C(8).x . Likewise it is shared by
C(17) and C(24), because of the linear symmetric filter coefficients.

Let X =00000100, C(9).X =11111101.00000100=1012.
C(9).X can be expressed as shown in eqn (10), 2°.(1101).X + 24,(1101).X 2B4@. 11118.X+ 2E08 11018.X = 13(4)
+16(15)(4) = 1012 by shifting the bits.

Structure of PEBS for 25 tap low pass equiripple filter characteristics with passband frequency (Wp) : 0.10, stopband
frequency (Ws) : 0.38 normalized from 0 to 1 is shown in Fig.5. The Pre-estimates performs {x, 3x, 5x, 7x, 9x, 11x,
13x, 15x} multiplications as discussed in section 4.1.2. This is implemented by using carry select adder.

4.1.3  Selection Block (SB):

The proposed SB consists of Shifter, Ishifter, Multiplexer and an adder. Fig.6 shows the proposed select unit blocks.
One input to the selection unit is the filter coefficient. If the coefficient is 8 bits, then it is divided into two 4bit units
and each 4 bit is given to the selection block. The 4 bit coefficient is given to the shifter. The shifter performs the
right shift operation. The right shifting is performed till 1 is encountered in the Least Significant Bit (LSB). The
number of shifts are monitored and the number is given as input to inverse shifter (ishifter). Two outputs emerges
from the shifter block. One output is the number of shifts and another is the Most Significant Bit (MSB) bits, which
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act as select line for the multiplexer. The multiplexer selects one input alphabet from the given alphabet set. The
output from the multiplexer is given to the ishifter, which performs the inverse operation of shifter. Left shift
operation is done till 1 is encountered in the MSB. Similar operation is performed in another set of filter coefficient
(4 bits).

Input X > X

_E_V 3X (10X(<<1) + X)

5X (100X(<<2) + X)
7X (1000X(<<3) - X)

9X (1000X(<<3) + X)

—@—» 11X (1000X(<<3) + 10X(<<1) + X)
—IEI—» 13X (1000X(<<3) + 100X(<<2) + X)
_IEI_, 15X (10000X(<<4) - X)

Fig. 5: Proposed Pre-Estimator block

Finally carry select adder is used to perform addition operation for the bits from the select unit. The result obtained
is the multiplied value of the input sample and the filter coefficient.

output from
Pre-estimation
block 1x
— Ishifter
<<
001 10
Filter coefficient i
c=1110 1100 shifter
>>
—>
upper ¢
30 1100 1 To the adder block
—>
3x
| Ishifter
<<
01
011
shifter
>>
Cia 1110 T

Fig. 6: Proposed Select unit block
4.1.4  Adder Block:
The carry select adder logic formulation is based on data dependence, optimized Carry Generator (CG) and Carry

Select (CS) design technique used in the proposed method, helps in achieving less Area Delay Product than the
existing methods. The logic optimization depends on redundant operation in formulation, but the adder delay mainly
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depends on data dependence. The redundant logic operations and data dependence are identified and they all are
removed.

The carry select adder structure shown in [35] consists of one Half Sum Generation (HSG) unit, one Full Sum
Generation (FSG) unit, two CGs (CGo and CGy) for input carry ‘0’ and ‘1’ respectively. The HSG receives two n-
nit operands, (here n = 32) and generate half-sum word S¢ and half-carry word Cy of width n-bits each. Both CGo
and CG; receive Sy and Co from the HSG unit and generate two n-bit full carry words C,° and C,! corresponding to
input carry ‘0’ and ‘1’ respectively.

The logic circuits of CGy and CG; are optimized for fixed carry input bits by reducing the adder structure. The Carry
Select unit selects one final carry word from the two carry words available at its input line using the control signal
Cin. When Cj, = 0, it selects C,°; otherwise C;' is selected. The CS block can be implemented using an n-bit 2-to-1
MUX. Whatever may be the value of So(i) and Co(i), for 0<=i<=n-1, the value of C;'(i) = 1, if C,°(1) = ‘1".

The above condition is used for the optimized implementation of CS block. The MSB of the final carry is sent to
output as Coy and the (n-1) LSBs are XORed with (n-1) MSBs of half sum in FSG, and the final sum of (n-1) MSBs
is obtained. Finaly the LSB of Sy is XORed with Cj, to obtain LSB of S.[35] . Hence the multiplier results are added
using the carry select adder to obtain the filtered output.

5.0 ANALYSIS AND RESULTS
5.1 Proposed DRS Analysis

The proposed Dynamic Reconfiguration Scheme (DRS) overcomes the problems of the existing methods as
discussed in the section 3 of this paper. The detailed analysis of the proposed scheme is presented below as cases:

Case 1: 277 is the threshold set for both, the input (Xi) and the filter coefficient (Cy) of the Reconfigurable FIR filter
in the existing techniques. In this paper, FIR filter is realized as linear symmetric filter in which half of the filter
coefficients are replicated. For example, in 25 taps FIR filter, the filter coefficients from C(13) to C(24) will be the
same as that of the filter coefficients from C(0) to C(11). Further the average of all the filter coefficients is taken as
the threshold.

Case 2: The proposed Estimation Distribution Multiplier Block (EDMB) will not truncate the LSBs and it does not
depend on control signals. In the proposed EDMB the actual multiplication result is obtained. Moreover, the area
occupied by the proposed multiplier is less when compared to the existing multipliers as shown in Table.1. All the
designs are simulated in 180nm technology. Existing techniques with multipliers namely [3], [4], [34] are considered
for analysis in this paper, since the designs are based on the low power design of the FIR Filter. As the remaining
existing techniques are based on the adaptive filtering by distributed arithmetic technique and look up table
technique, they are not considered for comparison with the proposed technique. The multiplication error values are
also tabulated for the proposed and the considered existing techniques. For example, the multiplicand, multiplier and
the multiplication values are expressed in binary as well as in decimal value. Multiplicand input (a) = 01101010
(106), multiplier input (b) = 01111100 (124), calculated multiplication result ¢ = a * b; actual result (d) =
0011001101011000 (13144). The error value is the difference between the desired multiplication result and the
calculated multiplication result. No error value is obtained for the proposed EDMB architecture, since all the
alphabets are considered for calculating the multiplication result.
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Table 1: Performance analysis of the proposed and existing multiplier

Calculated
e Tech Area Total power multlphcz}tlon Difference Error
Multiplier type ] (| consumption result in binary (d-c)
" [mW] (decimal value)
©)
Proposed method
[fig. 2 | 0.18 0.253 0.7502 00110(011311041‘?)11000 (13144-13144) 0
EDMB
Seok et al. [34]
0010111100000000 10001011000
Trun‘cat‘ed 0.18 1.018 2.1081 (12032) (13144-12032) 1112
multiplier

Chen et al. [3]

Multiplier -shifter 0.18 4.956 8.1384 0011001101011000 (13144-13144) 0

(13144)
Yu et al. [4]

Partial product

q 0011001101011000 0

generation by 0.18 8.671 6.8649 (13144) Eetkn =iy
compensation vector

From Table 1, it is inferred that the area utilized by the proposed EDMB is less when compared to the existing
techniques because the number of logic gates used is less which makes the multiplication result computation faster.
The area utilized by the proposed EDMB is 0.253 mm?. Further the power consumption of the proposed EDMB is
minimum and its value is 0.7502 milli watts.

Case 3: The threshold is made constant for all the characteristics of filter in the existing techniques. This leads to
large variation in filter performance. For analysis, the real-time input speech and sound samples are taken. The
speech and sound samples are processed by streaming. In case of real time input samples, the filter threshold has to
be varied depending upon the characteristics of the filter. The input sample threshold cannot be same as filter
coefficient threshold and it cannot be fixed for a particular input speech as well as sound sample. In the proposed
technique, threshold is fixed only for the filter coefficients. The filter coefficient threshold is varied depending upon
the characteristics of FIR filter, since the individual filter characteristics are unique. The threshold is fixed for
individual FIR filter characteristics by finding the average of all filter coefficients which makes the filtering
accuracy high.

Case 4: Multiplier Signal Control Decision window monitors the input samples and prevents the instant switching
on and off of the multiplier. By fixing the value of the window say m = 3, 4, 5, all the filter coefficients are not
monitored. First few samples alone are considered and accordingly the multiplier is turned on and off. For
reconfiguration, all the filter coefficients has to be observed. Since linear characteristics filter is used, in the
proposed method first half of the coefficients are examined. For example, in case of 25taps FIR filter, the first 12

coefficients from C(0) to C(11) are monitored along with the center coefficient C(12) which in turn improves the
performance of the proposed DRS FIR filter.

5.2 Parameters for Comparison

In this section, design considerations on the proposed reconfigurable FIR filter is presented.

In following discussions, as a metric of power savings, Power Consumption ratio (P;) is used. P; is defined as the
ratio of the reconfigurable filter’s power consumption to the existing filter’s power consumption.

Pr = ':Eprnpnsed [EI:DI:If"IIrPE}dSTiI:Ig [‘EI:D:If)' (11)

Power Saving Ratio (PSR) = (1 -P:) %. (12)
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Area reduction ratio (4} is defined as the ratio of the reconfigurable filter area to the existing filter area.

*':'*r = ':*:"'prl:-pl:-:ed rE:nuf-f*'ﬁlexistiug [‘EI:DI:If)' (13)
Area Saving Ratio (ASR) = (1 — A)) %. (14)

Mean-Square Error (MSE) is considered as the measure of filter performance degradation which is defined as the
difference between the proposed reconfigurable filter output and original filter output.

The most important factors that have a large effect on the proposed filter performance and power consumption are
the threshold values of the filter coefficients. When Cy, is set too large, it can give rise to large power savings with
considerable distortion in the filter output. On the other hand, if Cy, is too small, power savings become trivial.

5.3 Design Considerations for the Proposed DRS:

The following are the specifications of the FIR filters implemented in this paper:

e The Input sequence and coefficients are of 16- bit data.

e The FIR filter outputs are quantized and the output is 32 bit.

e The filter coefficients are obtained from the MATLAB Filter Design Analysis (FDA) tool.

e ITU test signals for telecommunication Rec. ITU-T P.50 and NOIZEUS - a noisy speech corpus database
are used [39].
* Artificial voices of American English (16 voices), real speech recordings in .wav format are taken from
ITU database.
* 30 noisy speech sentences are taken from NOIZEUS speech corpus database in .wav format

e The average of all the filter coefficients are fixed as the threshold value Cy,.
+ 75taps lowpass equiripple with W, = 0.10, W = 0.20 normalized (0 to 1) , Cs, = 4798,
£ 75taps lowpass equiripple with W, = 0.10, W = 0.135 normalized (0 to 1), Ci = 5045,
+ 75taps lowpass equiripple with Wy = 0.10, W = 0.12 normalized (0 to 1), Cy = 5045.

5.4 Implementation details and Result Analysis of Proposed DRS:

The proposed reconfigurable FIR filters are verilog coded and synthesized using TSMC 0.18um CMOS technology.
Power consumption is measured in Cadence Virtuoso with the operation frequency of 100 MHz, 5 V supply voltage.

5.4.1 Application to Speech Signal Filtering

Fig.7 shows the MATLAB simulation result of the proposed reconfigurable FIR filter. One of the input sample is
taken from NOIZEUS speech database. The noisy database contains 30 IEEE sentences (produced by three male and
three female speakers) corrupted by eight different real-world noises at different SNRs. The second input noise
sample is taken from the AURORA database and includes the suburban train noise, babble, car, exhibition hall,
restaurant, street, airport and train-station noise. It includes all phonemes in the American English language. The
sentences were originally sampled at 25 kHz and down sampled to 8 kHz. NOIZEUS signal named sp06.wav is
given as input and its filtered output is tabulated for various characteristics of low pass FIR filter. sp06.wav is 42.6
KB size with 128 kbps bit rate.

Fig.7 (a) shows the Original speech signal sp06. wav from the NOIZEUS speech database which contains Noise
component (NC) in between the phonemes. Our proposed DRS filter using EDM block, effectively filters the noise
component and the original signal is reconstructed. The meaning of the sentence uttered is clearly audible. Fig.7 (b)
shows the Noise Free (NF) speech signal output from our proposed Dynamic reconfigurable FIR filter with EDM
block for low pass equiripple 75 taps Bohman window type with the cut-off frequency of 0.12.
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Fig. 7: MATLAB result for the speech signal. (a) Original speech signal sp06. wav from the NOIZEUS speech
database; (b) output from the proposed reconfigurable FIR filter with low pass equiripple characteristics Bohman
window type filter with cut-off frequency 0.12.

5.4.1.1 ASIC Implementation

The Field Programmable Gate Array (FPGA) verified register transfer language (RTL) code is simulated and
synthesized using Cadence encounter RTL complier using TSMC 180 nm standard cell library [8]. The supply
voltage of the CMOS is fixed at Vpp =5V during the estimation of area and power consumption. The design is
realized up to the synthesis and place and route levels leading to the estimated results is tabulated in the Table. [2-5].
For the sake of analysis we have considered the results presented in paper [34] and have compared the same with the
results of the proposed scheme. It may be noted that we have considered only the results of paper [34] for analysing
the power saving ratio (1-P;) %, this is because all the other existing works are based on low power implementation
and not on the dynamic reconfiguration by monitoring the filter coefficients. Hence they cannot be taken for
comparison with the proposed scheme.

The graphs [Fig. 8 & 9] show the comparison of the proposed technique with various FIR filter characteristics and
they are named as EQ1, LS1, EQ2, LS2, EQ3, LS3, Hamming and Bohman characteristics. The reason for chosing
one particular stop band and pass band frequency for each filter characteristics is to get the accurate filtered result.
The description of each characteristics is as follows:

*EQ1 — Equiripple type FIR filter - 25 taps filter with W, = 0.10, W = 0.38 normalized from 0 to 1, 50 taps filter
with Wp = 0.10, W, = 0.26 normalized from 0 to 1 and 75 taps filter with W, = 0.10, W = 0.20 normalized from 0 to
1 are considered for analysis.

*LS1 — Least square type FIR filter - 25 taps filter with W, = 0.10, W = 0.38 normalized from 0 to 1, 50 taps
filter with W, = 0.10, W5 = 0.26 normalized from 0 to 1 and 75 taps filter with W, = 0.10, W = 0.20 normalized
from 0 to 1 are considered for analysis.

*EQ2 — Equiripple type FIR filter - 25 taps filter with W, = 0.10, W, = 0.20 normalized from 0 to 1, 50 taps filter
with Wp, = 0.10, W, = 0.155 normalized from 0 to 1 and 75 taps filter with W, = 0.10, W = 0.135 normalized from 0
to 1 are considered for analysis.

*LS2 — Least square type FIR filter - 25 taps filter with W, = 0.10, W = 0.20 normalized from 0 to 1, 50 taps
filter with W, = 0.10, Ws = 0.155 normalized from 0 to 1 and 75 taps filter with W, = 0.10, W = 0.135 normalized
from 0 to 1 are considered for analysis.

*EQ3 — Equiripple type FIR filter - 25 taps filter with W, = 0.10, W = 0.20 normalized from 0 to 1, 50 taps filter
with Wj, = 0.10, W, = 0.13 normalized from 0 to 1 and 75 taps filter with W, = 0.10, W = 0.12 normalized from 0 to
1 are considered for analysis.
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*LS3 — Least square type FIR filter - 25 taps filter with W, = 0.10, W = 0.20 normalized from 0 to 1, 50 taps
filter with W, = 0.10, W, = 0.13 normalized from 0 to 1 and 75 taps filter with W, = 0.10, W = 0.12 normalized
from 0 to 1 are considered for analysis.

* Hamming and Bohman type FIR filter with W, = 0.12 for 25, 50 and 75 taps filter are considered for analysis.

Table 2: Average power saving ratio (1 — Pr) % in speech signal case.

25 taps 50 taps 75 taps
(W, =0.10, W, = 0.38) (W, =0.10, W, = 0.26) (W,=0.10, W, = 0.20)
Normalized (0 to 1) Normalized (0 to 1) Normalized (0 to 1)
Power saving Power saving Power saving
(1-Py) % (1-Pr) % (1-Py) %
Equiripple 21.861% 33.73% 41.31%
Least 21.46% 33.57% 43.45%
square
25 taps 50 taps 75 taps
Type (W, =0.10, W5 = 0.20) (Wp=0.10, W, = 0.155) (W, =0.10, W, = 0.135)
Normalized (0 to 1) Normalized (0 to 1) Normalized (0 to 1)
(1-Py) % a-P») % (1-Py) %
Equiripple 9.18% 20.42% 29.92%
Least 9.03% 25.26% 33.18%
square
25 taps 50 taps 75 taps
Type (W, =0.10, W = 0.20) (W, =0.10, W, = 0.13) (W, =0.10, W, = 0.12)
Normalized (0 to 1) Normalized (0 to 1) Normalized (0 to 1)
(1-Py) % (1-P;) % (1-P;) %
Equiripple 16.54% 12.64% 18.02%
Least 10.02% 16.22% 30.68%
square
25 taps (W= 0.12) 50 taps (W= 0.12) 75 taps (W= 0.12)
Type Normalized (0 to 1) Normalized (0 to 1)
Normalized (0 to 1)
(1-P;) % (1-P) % (1-Py) %
Hamming 26.68% 34.54% 43.60%
Bohman 26.92% 38.28% 43.64%

*W, is the pass band frequency, Wi is the stop band frequency, W is the cut-off frequency normalized (0 to 1)

From Table. 3, it is evident that the average power saving (1 - P;) % is 43.60% for 75 taps Hamming filter. Fig.8
shows the power saving comparison between the existing technique mentioned in [34] and the proposed technique.
The reason for considering only the existing technique [34] for comparison has already been discussed in section
5.4.2.2.

From the Fig.8, it is inferred that the average power saving ratio for the proposed scheme is more when compared to
the existing technique for various FIR filter characteristics and the best result is obtained for the 75 taps Bohman
window FIR filter characteristics. The proposed scheme average power saving ratio for Bohman filter characteristics
is about 43.64%, indicates that the proposed technique provides 1.16% more power saving when compared to the
other existing technique. As the taps increase, the number of filter coefficients also increases. This in turn, makes the
number of multipliers turning off to gradually increase from 25 taps to 75 taps due to the linear symmetric FIR filter
consideration.
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Fig. 8: Comparison of average power saving ratio between the proposed and the existing technique

Table 3: Average MSE of filter output for the implemented FIR filters.

25 taps 50 taps 75 taps
Type (W, =10.10, W= 0.38) (W, =0.10, W, = 0.26) (Wp=10.10, W, = 0.20)
Normalized (0 to 1) Normalized (0 to 1) Normalized (0 to 1
MSE (decibel) MSE (decibel) MSE (decibel)
Equiripple -90.33 -90.57 -86.93
Least 91.12 -90.22 -88.55
square
25 taps 50 taps 75 taps
(W, =0.10, W, = 0.20) (W, =0.10, W, = 0.155) (W, =0.10, W, = 0.135)
Type
Normalized (0 to 1) Normalized (0 to 1) Normalized (0 to 1
MSE (decibel) MSE (decibel) MSE (decibel)
Equiripple -97.76 -86.47 -84.77
Least -96.74 9051 8478
square
25 taps 50 taps 75 taps
Type (W, =0.10, W, = 0.20) (W, =0.10, W, =0.13) (W, =0.10, W, = 0.12)
Normalized (0 to 1) Normalized (0 to 1) Normalized (0 to 1
MSE (decibel) MSE (decibel) MSE (decibel)
Equiripple -94.63 -96.42 -90.57
-82.43
Least -95.79 -88.78
square
25 taps (W= 0.12) 50 taps (W= 0.12) 75 taps (W, = 0.12)
Type Normalized (0 to 1) Normalized (0 to 1) Normalized (0 to 1)
MSE (decibel) MSE (decibel) MSE (decibel)
Hamming -93.22 -92.53 -89.49
Bohman -99.56 -88.77 -90.29

* W, is the pass band frequency, W; is the stop band frequency, W_ is the cut-off frequency normalized (0 to 1)
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The Mean Square Error (MSE) represents the cumulative squared error between the proposed reconfigurable filter
output and the original output. The original output is defined as the output obtained from the FIR filter without
turning off the multipliers. MSE values are presented in the Table.3, which shows that there is a minor degradation
in the filter performance. As the taps are increased the power saving ratio is increased because the number of
multipliers turning off is increased and this leads to the slight increase in the MSE values.

Fig.9 shows the comparison of the average MSE for the proposed and the other existing technique for various FIR
filter characteristics by considering 25taps, 50 taps and 75 taps FIR filter structures. In general, MSE is a measure of
the differences between values predicted by a model or an estimator and the values actually observed from the thing
being modeled or estimated. Since the MSE is a good measure of accuracy, it is ideal if it is small.

MSE Comparison
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Fig. 9: Comparison of MSE between the proposed and the existing technique

From Fig.9, it is inferred that the proposed scheme MSE value is small when compared to the other existing
technique. For example, in the proposed 75 taps Bohman reconfigurable FIR filter characteristics has MSE value of
-90.29, which is a small when compared to the existing reconfigurable FIR filter value which is -87. As the tap
increases, the MSE value slightly increases and this can be considered as a trade off in the filter performance.

Since it is an ASIC implementation, the area has been measured in mm? for the proposed technique as well as the
existing methods namely [2], [3], [4], [5] and [34] is shown in Table.4.

Table 4: Area comparison between proposed and existing reconfiguration scheme.

Tech Area [mm?]
Filter type [pm] 25 taps 50 taps 75 taps
Proposed method [fig. 2 ] 0.18 0.1983 0.2329 0.3823
Ludwig et al.[2] 0.18 0.2173 0.3598 0.6016
Chen et al. [3] 0.18 0.2356 0.3525 0.6183
Yu et al. [4] 0.18 0.2571 0.3624 0.6208
Hwang et al. [5] 0.18 0.2521 0.3247 0.5542
Seok et al. [34] 0.18 0.2069 0.2629 0.5218

In the proposed reconfigurable FIR filter, EDMB is used instead of the multiplier which makes the area utilization
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by the architecture to be small when compared to the other existing techniques which uses multiplier block.

Area comparison

Area saving ratio (1-Ar)%

AS4

ASS
various ratio's of proposed to existing techniques

M 2S taps S0 taps M 7S taps

Fig. 10: Area Saving Ratio of various filter taps

Fig.10 shows the area saving ratio for various filter taps. From eqn (14), Area Saving Ratio (ASR) of various
characteristics of low pass FIR filter are calculated. Ref [2],[3],[4],[5] and [34] are considered as existing techniques

for finding the respective area saving ratio. The notations AS1, AS2, AS3, AS4 and AS5 used in the Fig. 10 are
described as follows:

e ASI is the area saving ratio between proposed DRS and existing technique [2]
AS1 =1 — (area of the proposed DRS filter / area of the existing technique [2])
e AS2 is the area saving ratio between proposed DRS and existing technique [3]
AS2 =1 — (area of the proposed DRS filter / area of the existing technique [3])
e AS3 is the area saving ratio between proposed DRS and existing technique [4]
AS3 =1 — (area of the proposed DRS filter / area of the existing technique [4])
o AS4 is the area saving ratio between proposed DRS and existing technique [34]
AS4 =1 — (area of the proposed DRS filter / area of the existing technique [34])
e ASS5 is the area saving ratio between proposed DRS and existing technique [5]
AS5 =1 — (area of the proposed DRS filter / area of the existing technique [5]).

From the Fig.10, it may be seen that the ASR value of the proposed scheme is better when compared to the other
existing techniques.

As the filter tap increases the area saving ratio also increases. It is clear from the Fig.10 that in the 75taps, the filter

area saving is more when compared to the 25 taps and 50 taps filter. Here the filter performance increases and the
clear noise free speech signal is obtained in the filter output.

In Table.5, the proposed architecture is compared with previous works [2], [3], [4], [5], [34] in terms of MSE, and

Power Saving Ratio (1-Pr) %. Power Saving Ratio is normalized with the number of taps, input samples and
coefficients, process technology, supply voltage and clock frequency using the eqn [22]:
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_ Total power 16 16 (i): 015 100 o
P{T ap] - Ftaps # bitacoeff ® #hits zample ® Vad Tech Clk freq P{T .-_p:] -
Tota power 16 x 16 x i): 0.25 o
Fraps # bits coeff #bits zample Vad Tech  Clkfreg
(22)
Table 5: Comparison of power reduction of proposed 75-tap Hamming filter with previous works.
Filter Tech Total MSE DAT
Techniques P(tap) 1-Pr
description [pm] Power (decibel) (ns)
75 taps, 483 mW @ 5V, 65.15% -32.91
Ludwig et al.[2] 0.18 11.64 1.48
16 x 16 100MHz (39.98%) (-39.49)
75 taps, 168 mW @ 5V,
Chen et al. [3] 0.18 16.13 NA NA 1.32
16 x 16 100 MHz
75 taps, 320mW @SV,
Yu et al. [4] 0.18 NA 34% NA 1.35
16 x 16 100 MHz
75 taps, 268mW @ SV,
Hwang et al. [5] 0.18 13.5 26% NA 1.25
16 x 16 100 MHz
75 taps, 453mW @ 5V,
Seok et al. [34] 0.18 8.46 41.92% -80.78 1.19
16 x 16 100 MHz
Proposed 75 taps, 95.118mW @ 5V,
0.18 4.403 43.60% -89.49 1.15
method 16 x 16 100 MHz

DAT- Data Arrival Time; NA — Not Applicable

Table. 5 shows the comparison of power reduction in various filters with proposed filter. The reconfigurable filter in
[2] consumes less power than [5]; however, MSE is even larger.

Hence finally by various analysis it may be seen that the proposed DRS fir filter gives better noise free filtered
speech signal at the output and the performance analysis in terms of area saving and power saving is superior for the
proposed scheme when compared to the other existing reconfiguration techniques.

6.0 CONCLUSION

In this paper, a low power and low area reconfigurable FIR filter architecture to allow efficient trade-off between the
filter performance and computation energy, is discussed. In the proposed reconfigurable filter, the multipliers in the
filter are turned off when the coefficients are small enough so as to mitigate the effect on the filter output. Therefore,
the proposed reconfigurable filter dynamically changes the filter order to achieve significant power savings with
minor degradation in the performance. Further, the efficiency of the proposed DRS which is implemented on
Xilinx Virtex 7 device and is later synthesized with Cadence RTL complier using TSMC 180 nm standard cell
library has been determined. The proposed scheme achieves a power saving of about 43.60% and area reduction of
about 6.34% for 75 taps filter with very graceful degradation in the filter output.

Phonetic signal processing system is a good application to use the proposed reconfigurable filtering approach. The
proposed work is focussed on fixed coefficients, but it can be extended to the adaptive filter cases, where both data

inputs and coefficients amplitude should be monitored simultaneously. The proposed approach can be applicable to
other areas of signal processing, where a proper trade-off between power savings and performance degradation
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should be carefully considered. The idea presented in this paper can assist in the design of FIR filters and its
implementation for low power applications.

Future work can be extended to the design of an adaptive reconfigurable FIR filter by varying the weighting
strategies.

ACKNOWLEDGEMENT

The authors acknowledge the financial support from World Bank, part of Technical education and quality
improvement Programme (TEQIP-II).

REFERENCES

(1]

(2]

(3]

[3]

(6]

(7]

(8]
(9]

T. Hentschel and G. Fettweis, Software radio receivers, in CDMA Techniques for Third Generation Mobile
Systems, Dordrecht, The Netherlands, Kluwer Academic, 1999, pp.257-283.

J. Ludwig, H. Nawab, and A. P. Chandrakasan, “Low power digital filtering using approximate
processing”, IEEE Journal of Solid-State Circuits, Vol. 31 No. 3, March 1996, pp. 395-400.

K.-H. Chen and T.-D. Chiueh, “A low-power digit-based reconfigurable FIR filter”, [EEE Transactions on
Circuits Systems II, Express Briefs, Vol. 53 No. 8, December 2006, pp. 617—621.

Z. Yu, M.-L. Yu, K. Azadet, and A. N. Wilson, Jr, “A low power FIR filter design technique using
dynamic reduced signal representation”, in International Symposium on VLSI Technology, Systems, and
Applications, Proceedings, 2001, pp. 113—116.

S. Hwang, G. Han, S. Kang, and J. Kim, “New distributed arithmetic algorithm for low-power FIR filter
implementation”, /[EEE Signal Processing Letters, Vol. 11 No. 5, May 2004, pp. 463—466.

A.L. Garcia, Probability, Statics, and Random Processes for Electrical Engineering, NI, Pearson
Education, 2009.

Virtex-7 FPGA data sheet (Xilinx, Inc., San Jose, CA, February 18, 2014), http://www.
xilinx.com/support/documentation/data_sheets/ds180_7Series_Overview.pdf, 2014.

Cadence, in Encounter User Guide Version 6, ed. by. 2.4, Cadence Design Systems, Inc, USA, 2008.
Y. Linn, “Efficient loop filter design in FPGAs for phase lock loops in high-data rate wireless receivers:

Theory and case study”, in Proceeding of the 6" Annual Wireless Telecommunications Symposium., April
2007, pp. 1-8.

[10]R. I. Hartley, “Subexpression sharing in filters using canonic signed digit multipliers”, /EEE Transactions

in Circuits and Systems I, Vol. 43 No. 10, October 1996, pp. 677—688.

[11]R. Pasko, P. Schaumont, V. Derudder, S. Vernalde, and D. Durackova, “A new algorithm for elimination of

common subexpressions”, [EEE Transactions on Computer-Aided Design of Integrated Circuits and
Systems, Vol. 18 No. 1, January 1999, pp. 58-68.

[12]M. M. Peiro, E. 1. Boemo, and L. Wanhammar, “Design of high-speed multiplierless filters using a

nonrecursive signed common subexpression algorithm”, IEEE Transactions on Circuits Systems II- Analog
and Digital Signal Processing, Vol. 49 No. 3, March 2002, pp. 196-203.

172

Malaysian Journal of Computer Science. Vol. 31(2), 2018



An Optimized Architecture for Dynamic Reconfigurable FIR Filter in Speech Processing. pp 155-174

[13]A.P. Vinod and E. M.-K. Lai, “On the implementation of efficient channel filters for wideband receivers by
optimizing common subexpression elimination methods”, IEEE Transactions on Computer-Aided Design
Integrated Circuits and Systems, Vol. 24 No. 2, February 2005, pp. 295-304.

[14]R. Mahesh and A. P. Vinod, “A new common subexpression elimination algorithm for realizing low
complexity higher order digital filters”, IEEE Transactions on Computer-Aided Design Integrated Circuits
and Systems, Vol. 27 No. 2, February 2008, pp. 217-219.

[15]A.P. Vinod and E. Lai, “Low power and high-speed implementation of FIR filters for software defined
radio receivers”, IEEE Transactions on Wireless Communications, Vol. 5 No. 7, July 2006, pp. 1669-1675.

[16]T. Solla and O. Vainio, “Comparison of programmable FIR filter architectures for low power”, in
Conference: Conference: Solid-State Circuits Conference, 2002. ESSCIRC 2002. Proceedings of the 28th
European, September 2002, pp. 759-762.

[17]M. Moohebat, R.G. Raj, D. Thorleuchter and S. Abdul-Kareem. “Linguistic Feature Classifying and
Tracing”. Malaysian Journal of Computer Science, Vol. 30, No.2, 2017, pp 77-90.

[18]R.G. Raj and S. Abdul-Kareem, “Information Dissemination And Storage For Tele-Text Based
Conversational Systems' Learning”, Malaysian Journal of Computer Science, Vol. 22 No. 2, 2009. pp. 138-
159.

[19] A. Qazi, R. G. Raj, M. Tahir, M. Waheed, S. U. R. Khan, and A. Abraham, “A Preliminary Investigation of
User Perception and Behavioral Intention for Different Review Types: Customers and Designers
Perspective,” The Scientific World Journal, Vol. 2014, Article ID 872929, 8 pages, 2014.
doi:10.1155/2014/872929.

[20]S. S. Demirsoy, 1. Kale, and A. G. “Dempster, Efficient implementation of digital filters using novel
reconfigurable multiplier blocks”, in Proc. 38th Asilomar Conference Signals Systems and Computers, Vol.
1, November 2004, pp. 461— 464.

[21]P. Tummeltshammer, J. C. Hoe, and M. Puschel, “Multiplexed multiple constant multiplication”, /EEE
Transactions on Comput.-Aided Design Integrated Circuits and Systems, Vol. 26 No. 9, September 2007,
pp. 1551-1563.

[22]K. Muhammad and K. Roy, “Reduced computational redundancy implementation of DSP algorithms using
computation sharing vector scaling”, IEEE Transactions on Very Large Scale Integration Systems, Vol. 10
No. 3, June 2002, pp. 292-300.

[23]]. Park, W. Jeong, H. Mahmoodi-Meimand, Y. Wang, H. Choo, and K. Roy, “Computation sharing
programmable FIR filter for low-power and high-performance applications”, IEEE Journal of Solid State
Circuits., Vol. 39 No. 2, February 2004, pp. 348-357.

[24]C. Y. Yao, H. H. Chen, C. J. Chien, and C. T. Hsu, “A novel common-subexpression-elimination method
for synthesizing fixed-point FIR filters”, IEEE Transactions on Circuits and Systems I., Vol. 51 No. 11,
November 2004, pp. 2215-2221.

[25]C. Park and H. J. Kang, “FIR filter synthesis algorithms for minimizing the delay and the number of
adders”, IEEE Transactions on Circuits and Systems II., Vol. 48 No. 8, August 2001, pp. 770-777.

[26]R. Mahesh and A. P. Vinod, “Reconfigurable low complexity FIR filters for software radio receivers”, in

Proceeding 17th IEEE International Symposium Personal Indoor and Mobile Radio Communications.
(PIMRC), September 2006, pp. 1-5.

173

Malaysian Journal of Computer Science. Vol. 31(2), 2018



An Optimized Architecture for Dynamic Reconfigurable FIR Filter in Speech Processing. pp 155-174

[27]M. Potkonjak, M. B. Srivastava, and A. P. Chandrakasan, “Multiple constant multiplications: Efficient and
versatile framework and algorithms for exploring common subexpression elimination”, /EEE Transactions
Computer-Aided Design., Vol 15 No. 2, February 1996, pp. 151-165.

[28]R.Mahesh, A.P.Vinod, ‘“New Reconfigurable architectures for implementing FIR filters with low
complexity”, IEEE Transactions on computer-aided design of Integrated circuits and systems, Vol. 29 No.
2, February 2010.

[29]H. Samueli, “An improved search algorithm for the design of multiplierless FIR filter with powers-of-two
coefficients”, I[EEE Transactions on Circuits and Systems, Vol. 36 No. 7, July 1989, pp. 1044-1047.

[30]0. Gustafsson, “A difference based adder graph heuristic for multiple constant multiplication problems”, in
Proceeding IEEE International Symposium on. Circuits and Systems, 2007, pp. 1097-1100.

[31]S. H. Nawab, A. V. Oppenheim, A. P. Chandrakasan, J. M. Winograd, and J. T. Ludwig, “Approximate
signal processing”, Journal of VLSI Signal Process., Vol. 15 No. 1-2, January 1997, pp. 177-200.

[32]A. Sinha, A. Wang, and A. P. Chandrakasan, “Energy scalable system design”, IEEE Transactions on Very
Large Scale Integration Systems, Vol. 10 No. 2, April 2002, pp. 135-145.

[33]R. Mahesh and A. P. Vinod, “Coefficient decimation approach for realizing reconfigurable finite impulse
response filters”, in Proceeding IEEE International Symposium on Circuits and Systems, 2008, pp. 81-84.

[34]S-J. Lee, J-W. Choi, S.W. Kim, and J. Park, “A Reconfigurable FIR Filter Architecture to Trade off Filter
Performance for Dynamic Power Consumption”, IEEE Transactions on Very Large Scale Integration

(VLSI) Systems, Vol. 19 No.12, December 2011, pp. 2221-2228.

[35]B. K. Mohanty and S.J. Patel, “Area—Delay—Power Efficient Carry-Select Adder”, IEEE Transactions on
Circuits and Systems—II: Express Briefs, Vol. 61 No. 6, June 2014.

[36] A. Parhami, Implementation details, in Computer Arithmetic, New Y ork, Oxford Press, 2000, p.131.

[37]]. Chen and C-H. Chang, “High-level synthesis algorithm for the design of reconfigurable constant
multiplier”, IEEE Transactions on Computer-aided Design of Integrated Circuits and Systems, Regular
Papers, Vol. 62 No. 1, January 2015, pp.1844-1856.

[38]J. Chen, C-H. Chang, F. Feng, W. Ding, and J. Ding, “Novel Design Algorithm for Low
Complexity Programmable FIR Filters Based on Extended Double Base Number System”, [EEE
Transactions on Circuits and Systems I: Regular Papers, Vol. 28 No.12, December 2009, pp. 224-233.

[39]International Telecommunication Union, ITU-T Recommendation P56, Objective Measurement of Active
Speech Level, Geneva: International Telecommunication Union, 1993.

174

Malaysian Journal of Computer Science. Vol. 31(2), 2018



