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Abstract— In this paper, we have compared the Radix-2 (R2), Radix-4 
(R4) and Radix-8 (R8) FFT’s based on DIF algorithm.  Implementation 
issues, butterfly architectures, equations involved and bit reversal 
computation in each of these Radix methods are discussed and 
elaborated. Also area and time utilization of these architectures along 
with their performance tradeoffs are discussed. 

 

Index Terms— DFT, FFT, DIF, butterfly, Radix-2, Radix-4, Radix-8. 

1. INTRODUCTION 
 
The Fourier Transform is a widely used method in signal 
processing to estimate spectral content of any signal. The 
Fourier Transform when applied to an aperiodic discrete 
signal rather than a continuous signal is called Discrete Time 
Fourier Transform (DTFT). But DTFT of an aperiodic discrete 
signal is continuous in frequency domain. Hence to use DTFT 
in computers, we sample the DTFT. This sampled DTFT is 
called Discrete Fourier Transform (DFT).  Fast Fourier 
Transform (FFT) is an efficient algorithm for computing DFT. 
The DFT is defined by equation (1) 
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Where, k = 0 to N-1 and N is the length of the DFT. 

Calculating the above equation requires N
2

Complex 
Multiplications and N*(N-1) additions. But by using FFT 
algorithms the amount of computation involved is reduced by 
using various architectures as discussed below.  
 

The rest of this paper is organized as follows: Section (2), 
(3) and (4) describes Radix-2, Radix-4 and Radix-8 FFT 
algorithms and comparison between R2, R4 & R8 FFT 
algorithms. In Section (5) simulation results of R2, R4 and R8 
are shown and after that we conclude the paper in Section (6). 
 

2. RADIX-2 FFT ALGORITHM 
 
Let us assume, we have N=2v points whose DFT is to be 

evaluated and we use the divide and conquer method. First we  
 

 
split the N-point data sequence into V1 (n) and V2 (n), 

such that the even-numbered samples of x(n) goes to V1 (n) 
and the odd-numbered samples of x(n) goes to V2 (n)  
respectively, that is 

 
V1 (n) =X (2n)  

V2 (n) =X (2n+1),       n=0, 1,…, N/2-1 
 

Thus V1 (n) and V2 (n) are obtained by decimating x(n) by a 
factor of 2 and hence the resulting FFT algorithm is called 
as decimation-in-time (DIT) algorithm. 
The N-point Discrete Fourier Transform (DFT) of a sequence 
x(n) is defined by equation (2) 
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                                                where, k = 0, 1, 2, 3,.…., (N-1) 
 
where x(n) is the time domain discrete input signal and X(k) is 
the frequency domain DFT. The value n represent discrete 
time index, while k is the frequency domain index. 
The twiddle factor WN is given by 
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The Radix-2 DIF FFT algorithm breaks an N-point DFT 
calculation into a number of 2-point DFTs (2-point 
Butterflies). In Radix-2 DIF FFT algorithm splits into the 
following equations. 
 

X (k) = X (2k) + X (2k+1)                                      (4) 
 

Radix-2 FFT is decomposed to N/2-point DFT sequences as 
below: 

X (2k) = DFT 
2

N
{a 0(n)} and 
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X (2k+1) = DFT 
2

N
{a 1(n)}. 

 
 
 
 
 
 
 
 
 
 

Fig 1: Radix-2 FFT Butterfly 

The input sequence a 0(n) and a 1(n) in matrix form can be 

expressed as: 
 

= T n,2                                                   (5) 

where, 

 T n,2 = (6) 

 
and n = 0, 1, 2,.., (N/2-1) can be modified as circular shift to 

X(2k+1) as 
 

X (k) = X (2k) + X (2k+1)                                                    (7) 
 

 

3. RADIX-4 FFT ALGORITHM 

 
 The Radix-4 DIF FFT algorithm breaks an N-point 
DFT calculation into a number of 4-point DFTs (4-point 
Butterflies) as compared to Radix-2 FFT algorithm. Hence it 
requires much less butterfly operations. Radix-4 DIF FFT 
algorithm can be represented as: 
 
X (k)=X(4k)+X(4k+1)+X(4k+2)+X(4k+3)                          (8) 

 
where the decomposed N/4-point DFT sequences are defined 
as: 

X(4k) = DFT
4

N
{a0(n)}, 

X(4k+1)=DFT
4

N
{a1 (n)}, 

X(4k+2)=DFT
4

N
{a2(n)} and 

X(4k+3)=DFT
4

N
{a3 (n)}                                       

  (9) 

 

The input sequence a0(n), …, a3(n) in matrix form can be 

represented as: 

  =T n,4 (10) 

 
 
 
 
 
 

 
 
 
 

Fig 2: Radix-4 FFT Butterfly 
 
 

Where, T n,4 =           (11) 

 
And n=0,1,2,…,(N/4-1) can be modified by circular shift to 
X(4k+3) to get Radix-4 FFT as: 
 

X(k) =X(4k) +X(4k+1)+X(4k+2)+ X((4k-1))N                 
(12) 

 

Where, X((4k-1))N  =




−
=−

elsewherek

kN

14

01

                  (13) 
 
Now equation (11) becomes, 

T n,4 =           (14) 
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4. RADIX-8 FFT ALGORITHM 

 
 The Radix-8 DIF FFT algorithm breaks the original 
input sequence into N/8 point sequences as in the following 
form. 
 
X(k)=X(8k)+X(8k+1)+X(8k+2)+X(8k+3)+X(8k+4)+X(8k+5
+X(8k+6)+X(8k+7)                                                          (15) 
 
where the decomposed N/8-point DFT sequences are defined 
as: 

X(8k) = DFT 
8

N
{a )},(0 n  

X(8k+1) = DFT
8

N
{a 1(n)} 

X(8k+2) = DFT
8

N
{a 2 (n)}, 

                              . 
                . 
                . 

X(8k+7) = DFT
8

N
{a 7 (n)} 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 3: Radix-8 FFT Butterfly 
 

The input sequence a0(n), …, a7 (n) in matrix form can be 

expressed as:  

ai =S nN , T n,8 x                                                    (16) 

 

where, ai  =                                            (17) 

 
 
 

S nN , =diag([1  Wn
N W n

N
2 W n

N
3 W n

N
4 W n

N
5  

                    Wn
N
6 W n

N
7  ])                                                  (18) 

 
 

       a =  n=0, 1, 2,……..,(N/8-1)                (19) 

 

S nN , =  

 
 
Equation (15) can be modified by circular shift to 
X(8k+5)…X(8k+7) to get Radix-8 FFT as: 
 

X(k)=X(8k)+…….+X(8k+4)+X((8k-3))N + 

X((8k-2))N +X((8k-1))N                                          

(20)   
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S nN , =  

where, X((8k-b))N can be expressed as: 

 

X((8k-b))N =
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Now equation (18) becomes 
 

S nN , =diag([1 Wn
N W n
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 After observing equation (22), we need to perform 
additional circular shift operation on last N/8 sequence at each 
stage and also number of twiddle factor evaluation will be 
less. 
 
Table -1: Comparison of Radix-2, Radix-4 and Radix-8 FFT algorithm 
 

If N=64 point  DFT Radix-2 Radix-4 Radix-8 
Real 

Multiplication 
- 264 208 204 

Real addition - 1032 976 972 

Complex 
Multiplication 

4096 192 144 112 

Complex 
Addition 

4032 384 576 544 

Number of 
stages 

- 6 3 2 

Number of 
Butterfly 

- 32 16 8 

Speed 
improvement 

factor 

- 21.33 28.44 36.57 

 
5. SIMULATION RESULTS 

Upper graph in Fig-5 represents the simulation results 
of Radix-2 FFT whereas the lower graph represents inbuilt 
results. We can see that the both graphs are similar for Radix 2 

FFT simulated result. Similarly Fig-6 and Fig-7 represent 
simulated result for Radix-4 and Radix-8 FFT respectively. 
 

 
 
 
 

 
 
 
 

 

Fig-7: Radix-8 FFT for using 64 point 
 
 

6. CONCLUSIONS 
 
The Radix2, Radix4 and Radix8 FFT algorithms are 

studied and simulated in MATLAB Software. Radix4 and 
Radix8 have an advantage over Radix2 FFT algorithm 
because single Radix4 and Radix8 butterfly works of four, 
eight butterflies which will reduce the computation time and 
also ALU operation. These are achieved with circular shift 
operation and this modification also reduced the twiddle 
factors. 

Fig -6: Radix-4 FFT for using 64 point 

Fig-5: Radix-2 FFT for using 64 point 
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