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Abstract: In this paper, we explore the 

possibility of realization of block FIR filter in 

transpose form configuration for area-delay 

efficient realization of large order FIR filters for 

both fixed and reconfigurable applications. A 

generalized block formulation is presented for 

transpose form FIR filter. Transpose form finite-

impulse response (FIR) filters are inherently 

pipelined and support multiple constant 

multiplications (MCM) technique that results in 

significant saving of computation. We have 

derived a general multiplier-based architecture 

for the proposed transpose form block filter for 

reconfigurable applications. A low-complexity 

design using the MCM scheme is also presented 

for the block implementation of fixed FIR 

filters. The proposed structure involves 

significantly less area delay product (ADP) and 

less energy per sample (EPS) than the existing 

block implementation of direct-form structure 

for medium or large filter lengths, while for the 

short-length filters, the block implementation of 

direct-form FIR structure has less ADP and less 

EPS than the proposed structure. Synthesis and 

Simulation is done by using Xilinx ISE Design 

Suite. 

Index Terms— Block processing, finite-impulse 

response (FIR) filter, reconfigurable 

architecture, VLSI. 

I. INTRODUCTION 

 

FINITE-impulse response (FIR) filters 

play a crucial role in many signal processing 

applications in communication systems. A wide 

variety of tasks such as spectral shaping, 

matched filtering, interference cancellation, 

channel equalization, etc. can be performed with 

these filters. Hence, various architectures and 

implementation methods have been proposed to 

improve the performance of filters in terms of 

speed and complexity.  

FIR DIGITAL filters find extensive 

applications in mobile communication systems 

for applications such as channelization, channel 

equalization, matched filtering, and pulse 

shaping, due to their absolute stability and linear 

phase properties. The filters employed in mobile 

systems must be realized to consume less power 

and operate at high speed. Recently, with the 
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advent of software defined radio 

(SDR) technology, finite impulse response 

(FIR) filter research has been focused on 

reconfigurable realizations. The fundamental 

idea of an SDR is to replace most of the analog 

signal processing in the transceivers with digital 

signal processing in order to provide the 

advantage of flexibility through reconfiguration. 

This will enable different air-interfaces to be 

implemented on a single generic hardware 

platform to support multistandard wireless 

communications [1]. Wideband receivers in 

SDR must be realized to meet the stringent 

specifications of low power consumption and 

high speed. Reconfigurability of the receiver to 

work with different wireless communication 

standards is another key requirement in an SDR. 

The most computationally intensive part of an 

SDR receiver is the channelizer since it operates 

at the highest sampling rate. 

Several designs have been suggested by 

various researchers for efficient realization of 

FIR filters (having fixed coefficients) using 

distributed arithmetic (DA) [18] and multiple 

constant multiplication (MCM) methods, [11]–

[13]. DA-based designs use lookup tables 

(LUTs) to store precomputed results to reduce 

the computational complexity. The MCM 

method on the other hand reduces the number of 

additions required for the realization of 

multiplications by common subexpression 

sharing, when a given input is multiplied with a 

set of constants. The MCM scheme is more 

effective, when a common operand is multiplied 

with more number of constants. Therefore, the 

MCM scheme is suitable for the implementation 

of large order FIR filters with fixed coefficients. 

But, MCM blocks can be formed only in the 

transpose form configuration of FIR filters. 

Block-processing method is popularly used to 

derive high-throughput hardware structures. It 

not only provides throughput-scalable design 

but also improves the area-delay efficiency. The 

derivation of block-based FIR structure is 

straightforward when direct-form configuration 

is used [16], whereas the transpose form 

configuration does not directly support block 

processing. But, to take the computational 

advantage of the MCM, FIR filter is required to 

be realized by transpose form configuration. 

Apart from that, transpose form structures are 

inherently pipelined and supposed to offer 

higher operating frequency to support higher 

sampling rate. There are some applications, such 

as SDR channelizer, where FIR filters need to 

be implemented in a reconfigurable hardware to 

support multistandard wireless communication 

[6]. Several designs have been suggested during 

the last decade for efficient realization of 

reconfigurable FIR (RFIR) using general 

multipliers and constant multiplication schemes 

[8]–[10]. A RFIR filter architecture using 

computation sharing vector-scaling technique 

has been proposed in [6]. Chen and Chiueh [8] 

have proposed a canonic sign digit (CSD)-based 

RFIR filter, where the nonzero CSD values are 

modified to reduce the precision of filter 

coefficients without significant impact on filter 

behavior. But, the reconfiguration overhead is 

significantly large and does not provide an area-

delay efficient structure. The architectures in [6] 

and [8] are more appropriate for lower order 

filters and not suitable for channel filters due to 

their large area complexity. Constant shift 

method (CSM) and programmable shift method 

have been proposed in [9] for RFIR filters, 

specifically for SDR channelizer. Recently, Park 

and Meher [10] have proposed an interesting 

DA-based architecture for RFIR filter. The 

existing multiplier-based structures use either 

directform configuration or transpose form 

configuration. But, the multiplier-less structures 

of [9] use transpose form configuration, whereas 

the DA-based structure of [10] uses direct-form 

configuration. But, we do not find any specific 

block-based design for RFIR filter in the 

literature. A block-based RFIR structure can 

easily be derived using the scheme proposed in 
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[15] and [16]. But, we find that the 

block structure obtained from [15] and [16] is 

not efficient for large filter lengths and variable 

filter coefficients, such as SDR channelizer. 

Therefore, the design methods proposed in [15] 

and [16] are more suitable for 2-D FIR filters 

and block least mean square adaptive filters. In 

this paper, we explore the possibility of 

realization of block FIR filter in transpose form 

configuration in order to take advantage of the 

MCM schemes and the inherent pipelining for 

area-delay efficient realization of large order 

FIR filters for both fixed and reconfigurable 

applications. The main contributions of this 

paper are as follows. 1) Computational analysis 

of transpose form configuration of FIR filter and 

derivation of flow graph for transpose form 

block FIR filter with reduced register 

complexity. 2) Block formulation for transpose 

form FIR filter. 3) Design of transpose form 

block filter for reconfigurable applications. 4) A 

low-complexity design method using MCM 

scheme for the block implementation of fixed 

FIR filters. The remainder of this paper is 

organized as follows. In Section II, 

computational analysis and mathematical 

formulation of block transpose form FIR filter 

are presented. The proposed architectures for 

fixed and reconfigurable applications are 

presented in Section III. Hardware and time 

complexities along with performance 

comparison are presented in Section IV. Finally, 

the conclusion is drawn in Section V 

 

 

III. INTRODUCTION OF DISTRIBUTED 

ALGORITHM 

Distributed  arithmetic  is  a  bit  level  

rearrangement  of  a multiply  accumulate  to  

hide  the  multiplications.  It  is  a powerful  

technique  for  reducing  the  size  of  a  parallel 

hardware multiply-accumulate that is well suited 

to FPGA designs.  It  can  also  be  extended  to  

other  sum  functions such as complex 

multiplies, Fourier  transforms and  so  on. In  

most  of  the  multiply  accumulate  applications  

in  signal processing,  one  of  the  multiplicands  

for  each  product  is  a constant. The DA targets 

the products of sums which cover all filtering 

application and frequency transfer functions. 

DA  uses  Look-Up  Table  (LUT)  which  stores  

the  constant coefficients  of  FIR  Filter.  The  

size  of  Look-Up  Table (LUT)  in  DA  

algorithm  is  2, where  k  is  the  number  of 

filter  taps.  When number of taps increases, 

LUT grows exponentially. By using offset 

Binary Code (OBC), the size of the LUT can be 

reduced. This is very efficient in terms of less 

hardware and more  speed.  Many  DSP  

applications required FIR which having MAC 

(Unit multiplier and  add accumulator),  

replacing  MAC  with  LUT-Based  DA 

algorithm  having  power,  efficiency  and  less  

area  usage. Proposed DA algorithm is hardware 

efficient for VLSI and FPGA,  but  LUT-Less  

OBC  is  efficient  only  for  custom VLSI 

[5].We have used DA for multiplier less 

architecture in  FPGA.  For DA based  on look-

up table having  constant coefficient  and  

changing  variable,  one  needs  to  design  a 

highly efficient FIR in digital signal processing. 

DA  can  be  used  for  high  order  

filter.  There  are  two techniques used in DA 

algorithm, one of which is parallel distributed 

and the  other is  serial distributed. [6].The DSP 

FIR  filter  functions  are  used  in  

telecommunications (e.g. Telecomm  in  

Biomedical  Signal  Processing Communication,  

Wireless  satellite  and  Image  processing) 

which  are  performed  efficiently.  The  

multipliers  in MAC unit  of  many  DSP  

functions  have  more  power  and  area 

requirements.  There  are  two  techniques  in  

this  respect which  are  multiplier  less.   One  

of  them  is  Conversion based,  in  which  

coefficients  of  filters  are  converted  into 

numeric representation. The second is based on 

LUT which stores pre- computed coefficients 

values of FIR filters. The LUT in DA algorithm 

uses more memory. 
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IV.BUILDING BLOCK OF FIR 

REFERENCE CORE 

The existing core may be implemented 

using the main components which are given 

below:  

• Counter  

• Controller  

• X sample value memory (X-RAM)  

• B coefficient memory (B-Rom)  

• Beta and gamma register  

• Multiply-accumulator (MAC)  

• Rounding  

• Output sample (Y-Register) 

 

The  main  components  of  the  cores  

can  be  easily recognized  from  the  top  of  

module  of  the  core.  The block diagram of the 

existing direct form of FIR filter core. 

 

 
 

Fig.1. Block diagram of TOP module of the FIR 

Filter 

 

V.IMPLEMENTING THE FIR  FILTER 

USING DA  

FIR filter has 16-taps. Each tap has 16-

bit input data width and 16 filter coefficients. In 

designing FIR filter using DA (Distributed 

Arithmetic), these coefficients are placed in a 

look-up table.  This is because these coefficients 

are constants. The look-up table grows 

exponentially when the filter coefficients are 

increased, so the break-up in the design is 

necessary and one must place four-coefficients 

in each look-up table. The width of each 

coefficient may be 8-bits or 16-bits depending 

upon the design.  The width of the inputs data 

also vary to 8-bits and 16-bits, each LSB bits of 

input data combined in parallel to form the 

address of the look-up table. Distributed  

arithmetic  Algorithm  replaces  “AND”  and 

“add”  operation  as  compared  with  MAC  

unit.  The four look-up table store 16 

coefficients of FIR filter.  More than four look-

up tables are used for storing more coefficients 

for the better response of the FIR filter. The 

LUTs in DA algorithm uses the multiplier less 

technique. The LUTs used less  CLB  

(configuration  logic  blocks)  in  the  FPGA  to 

increase  the  throughput  and  data  rates.  The  

FPGA  has  no multiplier  and  can  be  used  

SRAM  based  DA  algorithm. Single  FPGA  

chip  can  be  used  instead  of  using  multiple 

DSP devices for better performance in terms of 

speed area and power, due to SRAM present in 

FPGA, FPGA is more efficient  for  the  

implementation  of  signal  processing 

applications. DA became best algorithm relating 

to filtering operation, because SRAM based 

FPGA stored look-up table values  which  are  

pre-computed  and  also  FPGA  gives 

surrounding  logic  in  a  single  chip.  

Distributed  arithmetic algorithm gives best 

performance when we used in filtering operation  

because  hardware  complexity  less  in  DA  as 

compared to conventional MAC. [7] proposed a 

system, Low Voltage Differential Signaling 

(LVDS) is a way to communicate data using a 

very low voltage swing (about 350mV) 

differentially over two PCB traces. It deals 

about the analysis and design of a low power, 

low noise and high speed comparator for a high 

performance Low Voltage Differential 

Signaling (LVDS) Receiver. The circuit of a 

Conventional Double Tail Latch Type 

Comparator is modified for the purpose of low-

power and low noise operation even in small 

supply voltages. The circuit is simulated with 

2V DC supply voltage, 350mV 500MHz 

sinusoidal input and 1GHz clock frequency. 

LVDS Receiver using comparator as its second 

stage is designed and simulated in Cadence 

Virtuoso Analog Design Environment using 

GPDK 180nm .By this design, the power 

dissipation, delay and noise can be reduced. 

 



                                                                                                            

                                                                                                   

                       International Journal of Advanced Research Trends in Engineering and Technology 

(IJARTET)     Vol. 4, Special Issue 2, January 2017

 

Fig.4.Implementation of FIR filter using DA

VI.SIMULATION AND RESULTS

Implementation of FIR filter cores has 

been observed and we can see that fir filter cores 

have been implemented with both 

reconfigurable applications. Results have been 

taken in terms of area utilized, power dissipated 

and speed performance FIR filter have been 

designed in Verilog HDL and implemented 

using Xilinx 13.2i tool.   

 

Simulation. 
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we can see that fir filter cores 
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performance FIR filter have been 

ed in Verilog HDL and implemented 

 

RTL Schematic. 

 

Technology Schematic. 

 

DUS. 

CONLUSION 

In this paper, we have explored the 

possibility of realization of block FIR filters in 

transpose form configuration for area

efficient realization of both fixed and 
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possibility of realization of block FIR filters in 

configuration for area-delay 

efficient realization of both fixed and 
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reconfigurable applications We 

have presented a scheme to identify the MCM 

blocks for horizontal and vertical sub-expression 

elimination in the proposed block FIR filter for 

fixed coefficients to reduce the computational 

complexity. Performance comparison shows that 

the proposed structure involves significantly less 

ADP and less EPS than the existing block 

direct-form structure for medium or large filter 

lengths while for the short-length filters, the 

existing block direct-form structure has less 

ADP and less EPS than the proposed structure. 
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