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Abstract: The digital FIR filters with fixed frequency 

are used in radio relay applications to extract individual 

frequency channel from multiple wireless channels in 

communicating digital signals. These filters are also 

used in relay networks where the transmission of 

programs in television and the distant calls in telephone 

are familiar. These radio relays given its best in 

multichannel transmission field. This proposed paper 

implements a digital FIR filter based on coefficient 

decimation method. This coefficient decimation method 

will reduce area. For further optimisation and efficient 

implementation of filter, the conventional multiplier is 

replaced with the MUX based and Wallace multipliers 

which in turn reduce area and complexity. The two 

architectures are synthesized and implemented using 

Verilog on Zynq-7020 (XC7Z020-1CLG484) 

development board. The performance parameters are 

analysed and compared for both the architectures 

instigated. The results shown that the MUX based 

multiplier is more efficient in area, complexity and 

power than Wallace multiplier. 

Keywords: FIR filter, Zynq board, MUX based 

multiplier, radio relay. 

1. Introduction 

The major application of fixed frequency FIR filter 

implementation, the radio relay can be best explained as 

a technology for the transmission of both the analog 

signals as well as digital signals in which the 

transmission of programs in television and the distant 

calls in telephone are familiar. In [1], the cognitive 

radio relay networks are equipped for signal 

transmission by adopting cooperative transmission 

scheme. The network of radio transmitters and receivers 

that are usually spaced apart at intervals given by the 

line of sight of their antennas are used in radio 

communications. The radio relay station receives a 

signal from one neighbouring station, amplifies the 

signal and then retransmits the signal to the next station. 

These radio relay stations are very much helpful in 

multichannel transmission of telephone, telegraph and 

television signals at a wavelengths of a decimetre and 

centimetre. Today digital signal processing and its 

applications are highly accomplished by digital FIR 

filter because of its easy implementation and high 

stability. In order to meet stringent frequency responses, 

FIR filter is used in these applications. As these filters 

operate on discrete signals the name digital filter arises. 

The output response of the FIR filter will be zero after 

sometime which implies that FIR has finite output 

response. 

FIR filter finds wide applications in radar 

processing, wireless communication, image processing, 

video processing and digital signal processing 

application like in the recognition of speech, field of 

biomedicine etc. The best application for fixed 

coefficient FIR filter at fixed frequency is radio relay 

applications which is discussed below. In [2]-[3], the 

high performance digital filter is implemented using 

Xilinx Zynq FPGA. So for achieving high performance 

the digital FIR filter is implemented on hardware using 

Avnet (XC7Z020-1CLG484 Zed development board. 

Zynq 7020 is an all programmable low cost Linux 

ready system-on-chip (SoC) with dual core ARM 

cortex A9 processing system and 28 nm 7 series 

programmable logic. Zed board has micron 1GB DDR3 

SDRAM to interface program system and 16MB SPI 

Flash on board . A set of peripherals including USB 

OTG, Gigabit Ethernet, UART, CAN, HDMI, TF, G-

sensor and Temperature sensors for integration with 

programmable logic. Two general purpose a four high 

performance ports are embedded in the SOC to 

communicate between processor and programmable 

logic. 

The major drawback of such an FIR filter lies in the 

number and extent of computations that are required to 

process a signal through it. FIR structure has the 

elements like adders, multipliers and delay elements. 

Multipliers are the most complex and expensive 

operators in the structure of FIR filter in which the area, 

delay and power are the major constraints as multiplier 

consumes high power and more area. So there is a great 

need of optimizing the FIR filter for reducing the 

complexity and number of computations required to 

process a signal. Hence the optimization of multiplier 

optimizes the FIR filter where the complexity, delay, 

area and power are the major constraints. Since the 

multiplier is the slowest element, the performance of 
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the FIR system is assessed by the performance of 

multiplier. 

In this paper, to avoid the usage of multiplier in the 

implementation of digital FIR filter MUX based 

multiplier architecture has been used in place of normal 

multiplier. The MUX based multiplier architecture is 

implemented for FIR filter using both hardware and 

software. The results are compared with normal 

multiplier by considering complexity and area as they 

are the most important parameters. The proposed 

architecture is used for the implementation of FIR 

filters whose input samples or coefficients are 

represented with signed numbers. 

In [4] and [5] a stable and a solution which 

consumes low power having high precision range are 

provided by the digit-based reconfigurable filter 

architecture. These reconfigurable architectures also 

provides tap length filters. Usually, the programmable 

multiply-accumulate architecture is used in designing 

the FIR filters. The performance parameters such as 

complexity, time taken to get the output and power 

consumption of the implemented designs are analysed. 

These conventional programmable multiplier 

architectures has lower consumption of power having 

less voltage supply and hence it takes more area. To 

overcome the disadvantage of occupying the more area, 

many challenges have been accomplished which finally 

dedicated to low-complexity based VLSI systems. 

Hence MUX based multiplier dedicates to such a low 

complexity based VLSI design for FIR filter 

implementation. 

 
Figure 1. FIR Filter Architecture 

The output Y of the FIR filter can be represented by 

the equation below: 𝐶[𝑛] = 𝑏𝑖 ∗ 𝑎[𝑛 − 𝑖]; 𝑓𝑜𝑟 𝑖 =
0 𝑡𝑜 𝑛  where ’C’ represents the filter output, ’a’ 

represents the input signal and ’bi’ represents the 

coefficients of the filter, ’N’ represents the order of the 

filter. If the order of the filter N increases, the 

complexity of the filter also increases. In fig.1 all the 

multipliers in the filter are implemented simultaneously 

using the technique of MCM. The shift and add 

architectures are used for multiplication to step over the 

complexity of filter. For the storage purpose and 

generation of delay, the D-flip flop has been used. The 

D-flip flop works based upon the clock, if the input to 

the clock is high, then the response of the flip flop 

follows its input else the output is zero. Let us consider 

the input sequence a of length m and the coefficient 

sequence b of length n. Now the final response of the 

FIR filter C will be of length (m+n-1). The expression 

for the final response of FIR filter is as follows: 

𝐶[𝑛] = 𝑎(𝑛) ∗ 𝑏(0) + 𝑎(𝑛 − 1) ∗ 𝑏(1) + 𝑎(𝑛 − 2)
∗ 𝑏(3) + 𝑎(𝑛 − 3) ∗ 𝑏(4) + 𝑎(0)
∗ 𝑏(𝑛); 

 

2. Related Work 

2.1 Fixed Point Multiplication 

        To implement a FIR filter with either low pass or 

high pass frequencies it is not possible to take the 

coefficients of the filter in decimal number 

representation. But low pass and high pass filter 

coefficients require decimal number representation. 

Hence we are going for fixed point multiplication to 

solve the problem. The fixed point arithmetic is of 

more speed, power and area efficient. But fixed point 

has limited dynamic range and precision. 

2.2 Decimation 

        For obtaining the FIR filters with maximum 

throughput and low complexity, a decimation method 

has been implemented in [7] which reduces the number 

of coefficients. Decimation is a process where the 

number of samples of the input signal are reduced, 

complementary to interpolation where the number of 

samples of the input signal increases. In [8], the 

modified CDM (MCDM) was proposed where it is 

implemented in another way on the coefficients of the 

filter than CDM. In [9] and [10], the improved CDM 

(ICDM) was proposed combining both CDM and 

MCDM. The ICDM is classified as ICDM-I and 

ICDM-II. For obtaining FIR filter with less complexity 

CDM, MCDM and ICDM are proposed. CDM is 

classified into two types CDM- I and CDM-II. This 

CDM-II has been implemented in this paper where 

every Mth coefficient is considered and every other 

coefficients are discarded.  

      This decimation method reduces the number of 

coefficients which in turn reduces the complexity and 

number of input LUTs occupied whereas the output 

remains unchanged. CDM- I: Considering factor of 

decimation M, each Mth coefficients are considered 

and remaining coefficients are zeros. For example 

consider an input sequence decimated by a factor 31, 3, 

4, 7, 5, 6. The decimated sequence is 0 0 4 0 0 6 CDM-

II: To obtain low frequency response every Mth 

coefficient is considered and all other coefficients are 

eliminated. For above example the decimated sequence 

is 4, 6. The Modified MCDM is classified into two 

types as below. MCDM-I: In the implementation of 

MCDM- I if a filter has a factor of decimation M, each 

and every Mth coefficient is taken, later the signature 

of alternate considered coefficients is reserved. The 

remaining all the coefficients are substituted with zeros. 
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MCDM-II: In the implementation of MCDM- II if a 

filter has a factor of decimation M, each Mth 

coefficient is taken, later the signature of alternate 

coefficient is held in reverse to obtain a high pass. All 

other coefficients are discarded. 

3. Proposed Structures 

3.1 MUX Based Multiplier 

       In [11], the MUX based multiplier is implemented 

in place of normal multiplier. The figure below shows 

the implementation of MUX based multiplier using 

multiplexers and adders. In this implementation the 

conventional multipliers are substituted with adders, 

multiplexers and shifters, therefore it is stated as 

multiplier less implementation. Here 16-bit MUX based 

architecture is implemented and is used to reduce the 

area and delay for higher order filter implementation. 

Consider a 16 bit multiplication of two signed numbers. 

Unlike normal multiplication, MUX based 

multiplication is carried out with multipliers, shifters 

and adders. In order to implement digital filter, the 

usage of multiplier is overcome by MUX based 

multiplier. The direct form FIR filters can be 

constructed using these multipliers.  

     The MUX based multiplier shown in the Figure 2 

implements simple shift and add multiplication which 

reduces the complexity of normal multiplication. In the 

given figure C and x are the two numbers represented 

in binary format which are to be multiplied. Each bit of 

the input x is given as a select line to each multiplexer. 

The multiplexer implemented here is 2x1MUX whereas 

the first input to every multiplexer is zero. The second 

input is the coefficient represented by C which shifts 

left by 1bit for each multiplexer as shown in the figure. 

If the most significant bit of the given input sample x is 

1, the two’s complement is performed on the input 

coefficient C which is shifted by left in the previous 

step. Depending on the input bits, the corresponding 

output bits are designated. The selected outputs of all 

the multiplexers are summed up to acquire the final 

product. 

 

Figure 2. MUX Based Multiplier 

3.2 Wallace Multiplier 

      For a minimum propagation delay, by 

implementing an adder tree the Wallace tree can be 

designed. The implementation of Wallace tree has three 

stages such as partial product generation stage, 

compression stage and reduction stage. To multiply two 

integers efficiently using a digital circuit Wallace tree 

multiplication has been used. The Wallace tree 

multiplication is included with the following steps: 

1.There is a need for full adders for every set of three 

bits, if a column consists of three columns similar to 

that of in normal Wallace reduction. 2. If a column 

consists of set of two bits, that set of bits is not further 

processed implies that this set of bits is conceded on to 

the afterward stage. The columns with single bit are 

also forwarded to the later stage as in the normal 

reduction of Wallace multiplication. 3. There is need 

for half adders in order to make sure that the figure of 

stages does not overdo the number used in a normal 

Wallace multiplier. Hence at the last stages of reduction 

half adders have been used in rough cases.  

         Figure 3 represents the general structure of 

Wallace Tree Multiplier which is implemented in place 

of normal multiplier in Verilog and the results are 

compared with MUX based architecture based on the 

area, complexity, power and delay constraints. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Structure of Wallace multiplication 

       The observed results are presented in following 

table below where area occupied and the complexity of 

the Wallace Tree multiplier is more when compared to 

the MUX based multiplier architecture. 
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Figure 4. Simulation waveform of MUX Based 

Multiplier Architecture 

4. Hardware Implementation 

       The architectures implemented in Verilog (figure 

4) are implemented in hardware using Zynq-7020 

(XC7Z020-1CLG484) development board as shown in 

Figure. 5. The obtained results are analysed and 

compared with the results obtained in software. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Implementation using Zynq board 

5. Results and Comparisons 

       The proposed MUX based multiplier architecture is 

de-signed using Verilog coding and Vivado Design 

Suite. The simulated waveform of the implemented 

architecture is shown in Figure 4 above. Here X is input 

signal, H represents coefficients and Yout is the output 

of filter. The RTL schematic of the implemented 8-tap 

MUX based architecture is analysed. The Wallace 

multiplier and MUX based multiplier methods for FIR 

filters on hardware and software and the results are 

discussed below. 

Table 1. Implementation Results 

The table 1 shown above represents the time 

complexities, area, power and frequencies of the 

implemented MUX based and Wallace multiplier. From 

the analyses, it is clear that number of LUTs which 

represents area occupied, frequency and power 

consumed are effectively reduced in the 

implementation of MUX based multiplier compared to 

Wallace multiplier. Compared to MUX based 

multiplier implemented in [11], the complexity and 

area occupied reduced by implementing the decimation 

method effectively 

6. Conclusion 

       The digital FIR filter is instigated using decimation 

method and MUX based multiplier architecture for the 

reduction of area, complexity and power consumption. 

These results obtained are also compared with Wallace 

multiplier. Analysis of MUX based architecture 

occupies less area when compared to Wallace 

multiplier and arithmetic multiplier. The number of 

input LUTs also reduces with the usage of MUX based 

multi-plier architecture given its best when compared to 

[11] (used same architecture). Hence the digital FIR 

filter is implemented effectively for radio relay 

applications. 
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