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DECIMATION IN FREQUENCY (DIF) RADIX-2 FFT

• In decimation in frequency algorithm, the frequency domain 
sequence X(k) is decimated. 

• In this algorithm, the N-point time domain sequence is 
converted to two numbers of N/2-point sequences.

• Then each N/2-point sequence is converted to two numbers 
of N/4-point sequences. This process is continued until we get 
N/2 numbers of 2-point sequences. 

• Finally, the 2-point DFT of each 2-point sequence is 
computed. The 2-point DFTs of N/2 numbers of 2-point 
sequences will give N-samples, which is the N-point DFT of the 
time domain sequence.

• Here the equations for N/2-point sequences, N/4-point 
sequences, etc., are obtained by decimation of frequency 
domain sequences. Hence this method is called DIF.
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EXAMPLE : Implement the decimation-in-frequency FFT 
algorithm of N-point DFT where N = 8. Also explain the 
steps involved in this algorithm. 

• Solution: The 8-point radix-2 DIF FFT algorithm 

• 1. It involves 3 stages of computation. The input to the first stage is the 
input time sequence x(n) in normal order. The output of first stage is the 
input to the second stage and the output of second stage is the input to the 
third stage. The output of third stage is the 8-point DFT in bit reversed 
order. 

• 2. In DIF algorithm, the frequency domain sequence X(k) is decimated. 

• 3. In this algorithm, the N-point time domain sequence is converted to two 
numbers of N/2-point sequences. Then each N/2-point sequence is 
converted to two numbers of N/4-point sequences. Thus, we get 4 numbers 
of N/4, i.e. 2-point sequences. 

• 4. Finally, the 2-point DFT of each 2-point sequence is computed. The 2-
point DFTs of N/2 number of 2-point sequences will give N-samples which 
is the N-point DFT of the time domain sequence. The implementation of 
the 8-point radix-2 DIF FFT algorithm is shown in Figure 
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• CONPARISON of DlT (DECIMATION-IN-TINE) and DlF 

(DECINATION-IN-FREQUENCY) ALGORITHMS 

•

1. In DIT, the input is bit reversed while the output is in normal 

order. For DIF, the reverse is true, i.e. the input is in normal 

order, while the output is bit reversed. However, both DIT and 

DIF can go from normal to shuffled data or vice versa. 

2. Considering the butterfly diagram, in DIT, the complex 

multiplication takes place before the add subtract operation, 

while in DIF, the complex multiplication takes place after the 

add subtract operation. 
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• Both algorithms require the same number of operations to 
compute DFT. 

• Both algorithms require bit reversal at some place during 
computation. 
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