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• Objective: 

•Theory

● Applications:

● The Discrete Fourier Transform(DFT) is a linear transformation of 
the vector xn (the time domain signal samples) to the vector Xm 
(the set of coefficients of component sinusoids of time domain 
signal). Suppose our signal is xn for n=0...N −1, and xn =xn+jN for 
all n and j. The discrete Fourier transform of x is given by

where N is the size of the vector, ω=e2πi/N are the “roots-of-unity” 
(twiddle factors), and 0 ≤ m < N. 

● To compute the DFT of an N-size sequence using above equation 
would take O(N2) multiplies and adds. 

● Precisely, every ‘point’ (xn )would require 4N multiplies 
(multiplying 2 complex numbers). These 4N multiplies for N times 
would give 4N2 multiplies.

● The FFT is a fast algorithm for computing the DFT. If we take the 
2-point DFT and 4-point DFT and generalize them to 8-point, 
16-point, ..., 2r-point, we get the FFT algorithm.

●  The FFT algorithm computes the DFT using O(Nlog2N) multiplies 
and adds.There are many variants of the FFT algorithm. We 
employ the Cooley-Tukey Radix-2 FFT algorithm here. 

● The FFT algorithm decomposes the DFT into log2N stages, each 
of which consists of N=2 butterfly computations.

● Frequency Domain Downsampling
● Fractal Image Compression
● Phase Only Correlation
● FFT Processors for OFDM
● Three-Dimensional Face Recognition
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FPGA Implementation of Fast Fourier Transform(FFT) algorithm

It is observed that the outputs are not in conventional order. Below is 
a table of j and the index of the jth input sample, nj:

The pattern is obvious if input and output indexes are 
written in binary. It is observed that each output index is 
the bit-reversal of corresponding input index.

● The basic computational step of the FFT algorithm is a 
butterfly. 

● Each butterfly computes two complex numbers of the form p 
+αq and p −αq, so it requires one complex multiply and two 
complex adds. This works out to 4 real multiplies and 6 real 
adds per butterfly.

The complete butterfly diagram is : The output for a sample of inputs: 


