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Abstract—This Fast Fourier transform (FFT) is an efficient algorithm to compute the N point DFT. The FFT is a 

computationally intensive digital signal processing function, but the Implementation of FFT requires large number of 

complex multiplications, so to make this process rapid and simple, it is necessary for a multiplier to be fast and power 

efficient. To solve this problem, UrdhvaTiryagbhyamsutra in Vedic mathematics is used.It is based on a concept through 

which the generation of all partial products can be done and then, concurrent addition of these partial products can be 

done. The conventional multiplication method requires more time & area than Vedic algorithms. In this paper, the 

algorithm for FFT using Vedic maths is proposed. 

IndexTerms— FFT, Vedic Mathematics, Vedic Multiplier, UrthvaTiryagbhyam,Vertically and Crosswise Algorithm. 
________________________________________________________________________________________________________ 

I. INTRODUCTION 

With the advancement of VLSI, Fast Fourier Transform is applied to wide field of digital signal processing and communication 

system applications. It is mainly used in wireless local area network, digital audio broadcasting, digital video broadcasting-

terrestrial and digital video broadcasting-handheld. Due to such diverse application of FFT, it is desirable to develop efficient FFT 

to meet the requirement of various OFDM communication standards.  

The FFT is a faster version of the Discrete Fourier Transform (DFT) and calculates Discrete Fourier Transform efficiently by 

reducing the computational complexity & number of multipliers required. Since multipliers are very power hungry elements in 

VLSI designs, they result in significant power consumption. So, the complex multiplication operations are realized using 

UrdhvaTirvagbhyam. In Ancient Indian vedicmaths, it is an efficient method of multiplication. It literally means “Vertically and 

crosswise”. This Sutra shows how to handle multiplication of a larger number (N x N, of N bits each) by breaking it into smaller 

numbers of size (N/2= n) and these smaller numbers can again be broken into smaller numbers (n/2 each) till we reach multiplicand 

size of (2 x 2). Thus, it simplifythe whole multiplication process. Due to its regular structure, it can be easily layout in a silicon 

chip. The Multiplier has the advantage that as the number of bits increases, gate delay and area increases very slowly as compared 

to other multipliers.  

In this paper, Vedic algorithm is proposed for the implementation of FFT and multipliers to be used in the FFT. Fast Fourier 

Transform design methodology using Vedic mathematics algorithm provides a fast and a reliable approach to compute the N point 

DFT. 

II. FFT: FAST FOURIER TRANSFORM 

The Cooley–Tukey algorithm, named after J.W. Cooley and John Tukey, is the most common fast Fourier transform (FFT) 

algorithm. It re-expresses the discrete Fourier transform (DFT) of an arbitrary composite size N = N1*N2 in terms of smaller DFTs 

of sizes N1 and N2, recursively, to reduce the computation time. The best known use of the Cooley–Tukey algorithm is to divide 

the transform into two pieces of size N/2 at each step, and is therefore limited to power-of-two sizes, but any factorization can be 

used in general. These are called the radix-2 and mixed-radix cases, respectively (and other variants such as the split-radix FFT 

have their own names as well). Here we use radix-2 algorithm.There are two techniques for calculating FFT. 

1) Decimation in Time  

2) Decimation in Frequency 

Here we use decimation in time technique which is shown in figure-1. An N-pointDiscrete  Fourier  transform (DFT)  performs  

the conversion of time domain data into frequency domain data. The DFT function ofX(k), which is an  N-point sequence of x(n), 

is defined in equation 1.  

  Xk=  𝑥𝑛 𝑒
−
2𝜋𝑖

𝑁
𝑛𝑘

𝑁−1

𝑛=0
 for  0≤ k ≤ N-1        (1) 

The more common and simplified notation for the DFT can be seen in Eq. 2, 

Xk=  𝑥𝑛 𝑊𝑁
𝑘𝑛

𝑁−1

𝑛=0
     (2) 

WN represents the twiddle factor or “Nth root of unity” of a complex multiplier.  
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As seen in figure-1, basic block for calculating FFT is butterfly unit & to implement butterfly unit, multiplier is required. So 

first of all, multiplier will be implemented based on vedic mathematics. After implementing multiplier, butterfly unit will be 

developed. By repetition of butterfly unit, FFT can be computed.  

 
Figure-1 : DIT algorithm for calculating FFT

[10]
 

III. VEDIC MATHEMATICS 

TheVedic mathematics - a gift given to this world by the ancient sages of Indiais a system which is far simpler and more 

enjoyable than modern mathematics. The simplicity of Vedic Mathematics means that calculations can be carried out mentally 

though the methods can also be written down. There are many advantages in using a flexible, mental system. Vedic Mathematics 

refers to the technique of Calculations based on a set of 16 Sutras, or aphorisms, as algorithms and their upa-sutras or corollaries 

derived from these Sutras. Any mathematical problems (algebra, arithmetic, geometry or trigonometry) can be solved mentally with 

these sutras. Vedic Mathematics is more coherent than modern mathematics. 

Vedic Mathematics offers a fresh and highly efficient approach to mathematics covering a wide range - starts with elementary 

multiplication and concludes with a relatively advanced topic, the solution of non-linear partial differential equations. But the Vedic 

scheme is not simply a collection of rapid methods; it is a system, a unified approach. Vedic Mathematics extensively exploits the 

properties of numbers in every practical application. 

Vedic Mathematics is the ancient system of mathematics which has a unique technique of calculations based on 16 Sutras. 

Urdhvatiryakbhyam, being a general multiplication formula, is equally applicable to all cases of multiplication. Nikhilam algorithm 

has the compatibility to handle different data types. 

UrdhvaTriyagbhyam Sutra is employed in this project for Multiplication.UrdhvaTiryagbhyam Sutra is a general multiplication 

formula applicable to all cases of multiplication. It literally means “Vertically and crosswise”.It is based on a novel concept through 

which the generation of all partial products can be done and then, concurrent addition of these partial products can be done. Thus 

parallelism in generation of partial products and their summation is obtained using UrdhvaTiryagbhyam sutra. 

IV. ARCHITECTURE  OF  VEDIC  MULTIPLIER: 

The multiplier is based on UrdhvaTriyagbhyamsutra. This sutra shows how to handle multiplication of larger number (N X N 

bits) by breaking it into smaller sizes. For multiplier, first the basic blocks, that 2x2 multiplier is made and then, 4x4 block , 8x8 

block have been made. A 4x4 multiplication is simplified into 4, 2x2 multiplication that can be performed in parallel. This reduces 

the  number  of  partial  product and  thus  reduces  the  delay  of  the  multiplier. This is parallel implementation style of 

UrdhvaTriyagbhyam sutra. 
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Figure 2: Architecture of Multiplier 

 

Figure 3: Block diagram of 8 bit Vedic Multiplier
[12]

 

 

 
Figure 4: Wallace tree diagram for 8 bit Vedic Multiplier

[12]
 

 

Using 4 such 4x4 multipliers and 3 adders we can built 8x8 bit multipliers as shown in figure 3. We have to first write code for 8-

bit and 12-bit adders. This architecture follows wallace tree which reduces the addition levels from 3 to just 2 stages as shown in 

figure 4. Last 4 LSB bits are directly taken from qo for the final result.After padding 4 zeros to qo in MSB side, qo& q1 are added 

using 8-bit adder and result will be stored in q4.For adding q2 and q3, 4 zeros are padded into q2 on left side, and, 4 zeros are 

padded on right into q3. After this, q2 and q3 are added using 12-bit adder. Result of this addition is stored in q5.Now, to get final 

result, q4 and q5 are added using 12-bit adder. As both have same alignment, no need to pad any zero. Result is stored in q6.Now, 

Most significant 12 bits of result is stored in q6 and 4 LSB is in q0.To generate final result, these bits are taken from q6 and 

q0.Hence, to implement 8x8 vedic multiplier, four 4x4 multipliers, one 8-bit adder and two 12-bit adders are required.  
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V. IMPLEMENTATION & RESULTS 

Figure 5 shows RTL design of FFT implementation and Figure 6 shows waveforms of input and output for different values. 

 

 
Figure 5: RTL Design of FFT Implementation   Figure 6: Waveform of input & output 

VI. CONCLUSION 

It can be concluded that Vedic FFT is better in all respect likespeed, delay, area, complexity, power consumption.Vedic maths 

decreases number of computation,thus speed increases and hardwarerequired is reduced. So power consumption is also reduced. 

This alsogives chances for modular design where smaller block can beused to design the bigger one. So the design complexity 

getsreduced for inputs of large no of bits and modularity getsincreased. General multiplication can be implemented by 

UrdhvaTiryagbhyam sutraand, in case of multiplication of large numbers,Nikhilam Sutra is used which reduces themultiplication of 

two large numbers to the multiplication of twosmall numbers. Combine approach of FFT with VedicMathematics create the new 

advancement in various fields ofengineering. 
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