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3.3. FAST FOURIER TRANSFORM (FFT) 

 The Fast Fourier transform is a method for computing the discrete Fourier 

transform with reduced number of calculations. The Computational efficiency is 

achieved if we adopt a divide and conquer approach. This approach is based on the 

decomposition of an N point DFT into successively smaller DFTs. 

Radix-2 FFT 

 In an N-point sequence if N can be expressed as N=2m then the sequence can be 

dissipated into 2-point sequences. For each 2-point sequence, 2-point DFT can be 

computed. From the result of 2-point DFT the 4-point DFT can be calculated. This FFT 

algorithm is called radix-2 FFT.In computing N-point DFT requires ‘m’ number of 

stages of computation N=2m 

Number of Calculations in N-point DFT: 

X (K) = ∑ x(n)e
−j2πkn

NN−1
n=0  

For k=0, 1, 2 ….N-1  

X (k) = x (0) e0 + x(1) e
−j2πk

N  + x(2) e
−j4πk

N  + x(3) e
−j6πk

N  + …..+ x (N-1) e
−j2(N−1)πk

N  

From the above equation we can say that  

The numbers of calculations to calculate X (k) for one values of k are, 

N number of Complex multiplications and  

N-1number of Complex additions. 

The X (k) is a sequence consisting of N complex numbers. 

Therefore, the number of calculations to calculate all the N complex numbers of the  

X (k) are, 

N× 𝑁 =  𝑁2 number of complex multiplications and 

N× (𝑁 − 1) = 𝑁(𝑁 − 1) number of complex additions 

 Hence, in direct computations of N point DFT, the total numbers of complex 

additions are N (N-1) and total number of complex multiplications are N2. 

Number of Calculations in Radix-2 FFT: 

 In radix 2 FFT, N=2m and so there will be m stages of computations, where 

m=log2N, with each stage having N/2 butterflies. 

The number of calculations in one butterflies are 
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1. Number of complex multiplications and 

2. Number of complex additions. 

There are N/2 butterflies in each stage. 

Therefore, number of calculations in one stage is, 

𝑁

2
× 1 =  

𝑁

2
 Complex multiplications 

𝑁

2
 × 2 = 𝑁 Complex additions. 

The N-point DFT involves m stages of computations.Therefore, the number of 

calculations for m stages are, 

M ×  
𝑁

2
 = log 2N ×  

𝑁

2
 = 

𝑁

2
 log 2N complex multiplications and 

m × 𝑁 = log 2N  × 𝑁 = 𝑁 log 2N complex additions 

Phase or twiddle factor: 

By the definition of DFT, the N point DFT is given by 

X (k) = ∑ 𝑥(𝑛)𝑒
−𝑗2𝜋𝑛𝑘

𝑁𝑁−1
𝑛=0   for k=0,1 ,2,3………….N-1 

To simplify the notation it is desirable to define the complex valued phase factor WN 

which is an Nth root of unity as, 

WN = 𝑒−𝑗2𝜋 

The phase value of -2π of W can be multiplied by any integer and it is represented as 

prefix in W.For example multiplying -2π by k can be represented as Wk. 

e- j 2 π k   => Wk 

The phase value -2π of W can be divided by any integer and it is represented as suffix 

in W.For example dividing -2π by N can be represented as WN. 

𝑒−𝑗2𝜋÷𝑁 = 𝑒−𝑗2𝜋 ×
1

𝑁   => WN 

𝑒
−𝑗2𝜋𝑛𝑘

𝑁  = (𝑒−𝑗2𝜋)
𝑛𝑘

𝑁  

The equation of N point DFT using phase factor can be written as  

X (k) = ∑ 𝑥(𝑛)𝑁−1
𝑛=0  WN 

kn   ;  for k = 0,1,2,…….N-1 

 

 

 


