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Abstract— The Fast Fourier Transform (FFT) is one of the 

important operations in field of digital signal processing. Fast 

Fourier Transform is an algorithm which computes the 

Discrete Fourier Transform of an input sequence.  This paper 

gives design of the Fast Fourier Transform (FFT) based on 

Decimation-In-Time (DIT) domain and Radix-2 algorithm 

.The input of Fast Fourier transform has been given by using 

a test bench code and output has been displayed using the 

waveforms son the Xilinx Design Suite 14.5.i.This Paper 

also includes design, synthesis and simulation of Vedic 32-

bit Floating Point Complex Multiplier and 32 point Pipelined 

FFT. The coding has been done in VHDL whereas design, 

synthesis and simulation has been done using XILINX ISE 

14.5i tool. The delay obtained for Vedic 32-bit Floating Point 

Complex Multiplier and 32 point Pipelined FFT is 36.356 ns 

and 24.801ns  respectively .The synthesis and simulation 

results show that the computation for calculating the 32-point 

Fast Fourier transform is efficient in terms of speed and 

power. 
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I. INTRODUCTION 

This paper presents the design of 32-point FFT architecture 

using pipeline techniques. The work of the proposed work is 

concentrated on the design, synthesis and simulation of FFT. 

This design computes 32-points FFT and all the numbers 

follow floating point format based on IEEE 754 single 

precision floating point format .In this project the coding is 

done in VHDL and the synthesis / simulation is done using 

Xilinx ISE 14.5i. Discrete Fourier Transform (DFT) plays a 

vital role in the design and implementation of the discrete-

time signal-processing algorithms and systems It also 

convert the samples in time domain to frequency domain. 

The Fast Fourier Transform is simply a fast way to calculate 

the Discrete Fourier Transform. The wide usage of DFT’s in 

Digital Signal Processing applications is the motivation to 

Implement FFT’s. Fourier transform is used to reduce 

frequency analysis of discrete non periodic signals. The FFT 

is another method of achieving the same result, but with less 

overhead   involved in the calculations. 

Transforms generally convert function from one 

domain to another domain without loss of information. 

Fourier Transform converts a function from the time domain 

to the frequency domain. 

The mathematical formula used for the Fourier 

transform is as follows;  
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1
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DFT is similar to samples of the Fourier transform 

at equal frequencies. Similarly, computation of the N-point 

DFT corresponds to the computation of N samples of the 

Fourier transform at N equally spaced frequencies. 

Considering input x[n] as complex, then N complex 

multiplications and (N-1) complex additions are required to 

compute each value of the DFT, if computed directly from 

the formula given as; 

X(k) = ∑ x(n)WN
−knn−1

k=0      0 ≤ k ≤ N − 1…. (1) 

WN =  e−j
2π

N  
For computation of N values, there is requirement 

of total N2 complex multiplications and N (N-1) complex 

additions. Every complex multiplication requires four real 

multiplications and two real additions and each complex 

addition requires two real additions. Therefore, a total of 

4N2real multiplications and N (4N-2) real additions are 

required. Afterward, these multiplications and additions 

there should be provision for storing N complex input 

sequences and also to store N output values. Solution to this 

is to use Decimation-in-Time FFT radix-2 algorithm. The 

number of complex multiplications and additions will be 

reduced to (N/2) log2N and Nlog2N to compute the DFT of a 

given complex x[n]. 

Hence, this proposed work uses Decimation in 

Time FFT radix-2 algorithm to compute the DFT of a 

various sequences.[2] 

A. Radix-2 DIT FFT Algorithm 

The radix-2 algorithms are one of the simplest FFT 

algorithms. The decimation-in-time(DIT) radix-2 FFT 

partitions a DFT into two half-length DFTs of the odd-

indexed and even indexed time samples. The outputs of 

these FFTs are again used to compute more than one 

outputs, it will reduce the total computational cost and total 

delay of the device. The radix-2 decimation-in-time and 

decimation-in-frequency both the Fast Fourier transforms 

(FFTs) are the simplest FFT algorithms. Like all FFTs, these 

FFTs gain their speed by repeatedly using the results of 

smaller computations to compute more than one DFT 

frequency outputs [2]. 

The radix-2 decimation-in-time algorithm 

rearranges the discrete Fourier transform (DFT) equation 

into two parts :a sum over the numbered (even) discrete-

time in dices n=[0,2,4,…,N_2] and a sum over the odd-

numbered indices n=[1,3,5,…,N_1]. 
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This is known as decimation in time since the time 

samples are rearranged in alternating groups and a radix-2 

algorithm. A basic butterfly operation is shown in Figure 2, 

which requires only N2 twiddle-factor multiplies per stage. 

 
Fig. 1:  Basic butterfly computation in the decimation-in-

time FFT algorithm. [2] 

The radix-2 decimation in time can be applied to 

the two length N2 DFTs to save computation .When applied 

successively until the shorter DFTs reach length-2, the result 

is then will be radix-2 DIT FFT algorithm 

 
Fig. 2: Radix-2 Decimation-in-Time 8 Point FFT algorithm 

II. DESIGNING OF VEDIC FLOATING POINT COMPLEX 

MULTIPLIER 

The block diagram of 32-Bit Vedic Floating Point Complex 

Multiplier is shown in the figure below. 

 
Fig. 3: Block Diagram of 32-Bit Vedic Floating Point 

Complex Multiplier 

For designing of Vedic floating point complex 

multiplier; floating point adder, floating point subtractor and 

floating point Vedic multiplier are necessary. These three 

modules are the essential for the design of Vedic floating 

point complex multiplier. For the Vedic floating point 

complex number multiplier design, the most important field 

is mantissa calculation since the performance of Vedic 

floating point complex multiplier is depend upon mantissa 

calculation unit. In this research work we have designed the 

32-bit Vedic floating point complex multiplier. Fig.3  shows 

the block diagram of 32-bit Vedic floating point complex 

multiplier module which has been designed using four 32-

bit Vedic floating point multipliers modules, one  32-bit 

floating point adder and 32-bit floating point subtractor. 

Consider the two 32-bit variables X and Y whereas there 

real and imaginary values are Xr [31:0], Yr [31:0] and Xi 

[31:0], Yi [31:0] respectively .In the first step multiplication 

of real number Xr and multiplication of real number Yr is 

done. In the second step of multiplication of real number Xr 

and imaginary number of Yi is done. In the third step 

multiplication of imaginary number Xi and real number of 

Yr is done and in the last step multiplication of imaginary 

number Xi and imaginary number of Yi has been done. 

Finally, Zr and Zi give the output of two complex number 

multiplication. 

Example of 32-bit Vedic floating point complex 

multiplier based on 32-bit single precision IEEE 754 format 

requires two variables with sign, exponent and mantissa 

fields. In this paper we have propose the Multiplication of 

two, 32-bit floating point number. These numbers are as 

follows. Xam is the real number of first variable X and Xbm 

is the imaginary number of first variable X. Similarly Yam 

is the second real number and Ybm is the second imaginary 

number. 

Z = X * Y. Where, X = Xam + j Xbm, Y = Yam + j 

Ybm X= (2.1+ j 3.1)10 Y= (2.2+ j 3.2)10 the 32 bit IEEE 

format for these two number are as follows. 

Xam=01000000000001100110011001100110 

Xbm=01000000010001100110011001100110 

Yam=01000000000011001100110011001101 

Ybm=01000000010011001100110011001101 

The result obtained by multiplication of these two 

numbers is given by, Z = Zam + j Zbm = -5.3 +j13.54. 

Zam=11000000101010011001100110011000 

Zbm=01000001010110001010001111010110 

III. EXPERIMENTAL RESULTS 

A. RTL View 

 
Fig. 3:  RTL View of Vedic Floating Point Complex 

Multiplier 

Fig.3: shows Register Transfer Logic view of Vedic 

Floating Point Complex   Multiplier. 

 
Fig. 4: RTL View of   Pipelined 32 point FFT 

Fig. 4 shows Register Transfer Logic view of 

Pipelined 32-point FFT. 

B. Simulation Results 

Fig.5, Fig.6 Shows the simulation result of Vedic Floating 

Point Complex Multiplier, pipelined 32 point FFT. Delay 
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obtained by Vedic floating point complex multiplier is 

36.356ns and Delay obtained by pipelined 32 point FFT is 

24.801ns. 

 
Fig. 5: Simulation result of Vedic Floating Point Complex 

Multiplier 

Fig.5 shows simulation result of Vedic Floating 

Point Complex Multiplier, in which the two inputs are taken 

as, 

xam=00000000000000000000000000010111 

xbm=00000000000000000000000000010100 

yam=00000000000000000000000001110111 

ybm=00000000000000000000000000010000 

are Vedic Floating Point Complex Multiplier of 

these inputs will give output as 

zam=00110110110100000000000000000000 

zbm = 00111111100000000000000000000000 

 
Fig. 6: Simulation result of Pipelined 32 point FFT 

Fig. 6 shows simulation result of Pipelined 32 point  

FFT, in which the two inputs are taken as  

X1a=11010101010011001100110011001100&      

X1b=11110101010011001100110011111101and 

X2a=10110101010011001100110011001110 & 

X2b=11010101011111001100110011001111 

are FFT operation on these inputs will give output as 

y1a=11111101010011001100110011001100 & 

y1b=11110101010011001100000011111101 and 

y2a=11111101010011001100110011001100 & 

y2b =11110101010011001100000011111101 

IV. CONCLUSION& FUTURE SCOPE 

In this paper, we use top-down design method i.e. we will 

design individual modules then will make amalgamation of 

these modules to make complete research work. In this 

paper we have designed Vedic 32-bit Floating Point 

Complex Multiplier and 32 point Pipelined FFT. VHDL 

language has been used to describe the system. The 32-bit 

single precision Vedic 32-bit Floating Point Complex 

Multiplier and 32 point Pipelined FFT has been designed. 

The design is verified through exhaustive simulations. The 

design, synthesis and simulation of Vedic 32-bit Floating 

Point Complex Multiplier and 32 point Pipelined FFT have 

been achieved using Xilinx 14.5i ISE tool. 

If we suppose to implement this design using 

FPGA technology it is possible to upgrade the System with 

new features as per user requirements. The hardware 

complexity can be reduced and Integration of different 

circuits in a single chip can be possible on FPGA kit.  
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