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Abstract—Low-cost finite impulse response (FIR) designs are presented using the concept of faithfully rounded truncated 
multipliers. We consider both the optimization of bit width and hardware resources without enduring the frequency response 
and output signal precision. To reduce total area cost Non-uniform coefficient quantization with proper filter order is 
proposed. Multiple constant multiplication/accumulation in a direct FIR structure is implemented by means of an enhanced 
version of truncated multipliers. Comparisons with earlier FIR design approaches show that the proposed designs achieve the 
best area and power results. 
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I. INTRODUCTION 
 
 FINITE impulse response (FIR) digital filter 
is said to be the vital fundamental components in 
numerous digital signal processing (DSP) and 
communication systems. It is moreover extensively 
useful in several portable applications with limited 
area and power budget. A general FIR filter of order 
M can be expressed as 

푦[푛] =  푎 푥[푛 − 푖]. 

 In case of linear phase, the coefficients are 
either symmetric or anti-symmetric with 푎 = 푎 or 
푎 = −푎 . 
 Two basic FIR structures given are direct 
form and transposed form, the multiple constant 
multiplications (MCM)/accumulation (MCMA) 
module performs the concurrent multiplications of 
individual delayed signals and respective filter 
coefficients, followed by gathering of all the 
products. Hence, the operands of the multipliers in 
MCMA are delayed input signals x [n − i] and 
coefficients푎 . 

 
Fig 1 Architecture of linear-phase even-order FIR filters: (a) 

Direct form and (b) transposed form. 

  
 The Current input signal x[n] and 
coefficients be the operands of the multipliers in the 
MCM module. The outcome of each constant 
multiplication goes all the way through structure 
adders (SAs) and delay elements. In sort of averting 
costly multipliers, the majority of prior hardware 
implementations of digital FIR filters are able to be 
divided into two classes: multiplier based and 
memory based. 
   

MCM with shift-and add operations are 
accomplished through Multiplier-based designs and 
carve up the common sub operations by means of 
canonical signed digit (CSD) recoding and common 
sub expression elimination (CSE) to diminish the 
adder cost of MCM. The additional area savings are 
attained through jointly in view of the optimization of 
coefficient quantization and CSE. Most multiplier 
MCM-based FIR filter designs make use of the 
transposed structure to permit for cross-coefficient 
distribution and have a tendency to be faster, 
predominantly when the filter order is large. 
However, the area of delay elements is better 
compared with that of the direct form due to the range 
extension of the constant multiplications and the 
succeeding additions in the SAs. Blad and Gustafson 
presented high-throughput (TP) FIR filter designs by 
pipelining the carry-save adder trees in the constant 
multiplications using integer linear programming to 
minimize the area cost of full adders (FAs), half 
adders (HAs), and registers (algorithmic and 
pipelined registers). 
 



International Journal of Advances in Science Engineering and Technology, ISSN: 2321-9009 Volume- 2, Issue-3, July-2014 

A Novel Architecture Implementation Of Fir Filter Using Truncated Multiplier 
 

128 

 
Algorithm #1.Three stages in digital FIR filter design 

and implementation 
 

  Memory-based FIR designs consist of two 
types of approaches: lookup table (LUT) methods and 
distributed arithmetic (DA) methods. The LUT-based 
design stores in ROMs odd multiples of the input 
signal to realize the constant multiplications in MCM. 
The DA-based approaches recursively accumulate the 
bit-level partial results for the inner product 
computation in FIR filtering.  
 Here, we briefly display low-cost 
implementations of FIR filters anchored in the direct 
structure through faithfully rounded truncated 
multipliers. The MCMA module is executed by 
acquiring all the partial products (PPs) where 
redundant PP bits (PPBs) are detached without 
troubling the final precision of the outputs. The bit 
widths of all the filter coefficients are minimized 
using non-uniform quantization with unequal word 
lengths individually to diminish the hardware cost 
although satisfying the specification of the frequency 
response.  
 
II. COEFFICIENT QUANTIZATION AND 

OPTIMIZATION 
 
  A generic flow of FIR filter design and 
implementation can be divided into three stages: 
finding filter order and coefficients, coefficient 
quantization, and hardware optimization, in the first 
stage, the filter order and the corresponding 
coefficients of infinite precision are determined to 
satisfy the specification of the frequency response. 
Then, the coefficients are quantized to finite bit 
accuracy. Finally, various optimization approaches 
such as CSE are used to minimize the area cost of 
hardware implementations. Most prior FIR filter 
implementations focus on the hardware optimization 
stage.  

 
Algorithm #2.Proposed algorithm of coefficient 

quantization and fine tuning 

We adopt the direct FIR structure with MCMA 
because the area cost of the flip-flops in the delay 
elements is smaller compared with that of the 
transposed form. Furthermore, we jointly consider the 
three design stages in order to achieve more efficient 
hardware design with faithfully rounded output 
signals. 

         

 
 Fig 2 Multiplication/accumulation using (a) 

individual PP compression and (b) combined PP compression 
 

After coefficient quantization, we perform recoding 
to minimize the number of nonzero digits. In this 
brief, we consider CSD recoding with digit set of {0, 
1, −1} and radix-4 modified Booth recoding with 
digit set of {0, 1, −1, 2, −2} and select the one that 
results in smaller area cost.  
  While most FIR filter designs use minimum filter 
order, we observe that it is possible to minimize the 
total area by slightly increasing the filter order. 
Therefore, the total area of the FIR filter is expected 
by means of the subroutine area, cost and estimate. 
Indeed, the total number of PPBs in the MCMA is 
directly proportional to the number of FA cells 
required in the PPB compression because a FA 
reduces one PPB. 
 After the initial step of uniform quantization 
and filter order optimization, the non-uniform 
quantization in Step 2 gradually decreases the bit 
width of each coefficient until the frequency response 
is no longer satisfied.  
 Finally, we fine-tune the non-uniformly 
quantized coefficients by adding or subtracting the 
weighting of LSB of each coefficient and check if 
further bit width reduction is possible. We are able to 
find the filter order M and the non-uniformly 
quantized coefficients that lead to minimized area 
cost in the FIR filter implementation. 
 
III. PP TRUNCATION AND COMPRESSION 
 
 The FIR filter design over here adopts the 
direct form where the MCMA module adds up all the 
products 푎^ × x [n − i]. Instead of accumulating 
individual multiplication for each product, it is more 
capable to collect all the PPs into a single PPB matrix 
with carry-save addition to reduce the height of the 
matrix to two, followed by a final carry propagation 
adder. The difference of individual multiplications 
and combined multiplication for A × B + C × D.  
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   In order to avoid the sign extension bits, we 
complement the sign bit of each PP row and add 
some bias constant using the property  ¯s = 1− s, 
where s is the sign bit of a PP row, All the bias 
constants are together into the last row in the PPB 
matrix. The complements of PPBs are denoted by 
white circles with over bars.  
 In the faithfully rounded FIR filter 
implementation, it is necessary that the total error 
introduced during the arithmetic operations is no 
larger than one up. We modify a recent truncated 
multiplier design so that more PPBs can be deleted, 
leading to smaller area cost. The elimination of 
unnecessary PPBs is composed of three processes: 
deletion, truncation, and rounding. 
 

 
 

Fig 3 Generation of PPBs considering sign extension and 
negation 

 

 
 
Fig 4 Truncated multiplier designs using (a) the approach and 

(b) the improved version 
 
Two rows of PPBs are set undeletable because they 
will be removed at the subsequent truncation and 
rounding. The error ranges of deletion, truncation, 
and rounding before and after adding the offset 
constants are given as follows: 

 
 
Where the gray circles, crossed green circles, and 
crossed red circles represent respectively the deleted 
bits, truncated bits, and rounded bits. 
 Here, we propose an improved version of the 
faithfully rounded truncated multiplier design.  
 

 
Fig 5 Overall FIR filter architecture using multiple constant 
multipliers/accumulators with faithfully rounded truncation 

(MCMAT). 
 

TABLE I 
SPECIFICATIONS OF THE THREE FIR FILTERS 
UNDER CONSIDERATION 

 
  
 Only a single row of PPBs is made 
undeletable (for the subsequent rounding), and the 
PPB elimination consists of only deletion and 
rounding. The error ranges of deletion and rounding 
in the improved version are as follows: 

 
 Since the range of the deletion error in the 
improved version is twice larger, more PPBs can be 
deleted, leading to smaller area in the subsequent 
PPB compression.  
  The illustrative architecture is of MCMA 
with truncation (MCMAT) which removes 
unnecessary PPBs. The white circles in the L-shape 
block represent the undeletable PPBs. The deletion of 
the PPBs is represented by gray circles. After PP 
compression, the rounding of the resultant bits is 
denoted by crossed circles. The last row of the PPB 
matrix represents all the offset and bias constants 
required including the sign bit modifications. 
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IV. EXPERIMENTAL RESULTS 
 
Block diagram

 
 
RTL schematic

 

Technology schematic

 
 

Design summary 

Device Utilization Summary 
(estimated values) [-] 

Logic Utilization Used Available Utilization 

Number of Slice 
Registers 108 126800 0% 

Number of Slice 
LUTs 298 63400 0% 

Number of fully used 
LUT-FF pairs 43 363 11% 

Number of bonded 
IOBs 29 210 13% 

Number of 
BUFG/BUFGCTRLs 1 32 3% 
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Simulation output

 
 
CONCLUSION 
 
 In this Paper, we have presented low-cost 
FIR filter design by jointly considering the 
optimization of coefficient bit width and hardware 
resources in implementations. Although most prior 
designs are based on the transposed form, we observe 
that the direct FIR structure with faithfully rounded 
MCMAT leads to the smallest area cost and power 
consumption. 
 
FUTURE SCOPE 
 
 In this paper we used signed truncated 
multiplier. Here truncated multiplier is having more 
complexity for signed multiplication to overcome the 
complexity of truncated multiplier. 
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