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Abstract--Fast Fourier Transform (FFT) operation is one of the most important 

fundamental operations in the digital signal processing systems. A new pipelined Radix-8 

based Fast Fourier Transformation (FFT) architecture is designed for performing frequency 

transformation techniques. The objective of this design is to improve the speed and to reduce 

the area, delay and power. Radix-8 FFT, which is used to improve the speed of functioning 

by reducing the computational path. In the proposed new architecture named as ―Radix-8 

SDF FFT‖. In this architecture, the numbers of stages are reduced to 75%. The SDF FFT is to 

increasing the processing speed of architecture. The performance evaluation of Radix-8 SDF 

FFT architecture is determined through Very Large Scale Integration (VLSI) system design 

environment. In the VLSI system design, less area utilization, low power consumption and 

high speed are the main parameters. Hence, the main goal of proposed architecture is to 

reduce hardware complexity, power consumption and increasing both speed and throughput 

of the system. Applications: Mobile Ad-hoc Network (MANET), Orthogonal Frequency 

Division Multiplexing (OFDM) System. 

Keywords-- Fast Fourier Transform (FFT),  Single-path Delay Feedback (SDF) FFT, Very 

Large Scale Integration (VLSI) 

1. Introduction 

In digital signal processing FFT (Fast Fourier Transform)plays a crucial role in various 

applications like spectralanalysis, filter simulation, auto correlation and patternrecognition for 

the computation of DFT (Discrete FourierTransform) . FFT also plays a critical role in 

modern digitalcommunications such as digital video broadcasting andorthogonal frequency 

division multiplexing (OFDM) systems. Though FFT reduces the computation time and 

improvesthe performance largely over the direct evaluation of DFT ,theFFT core is one of the 

modules having high computationalcomplexity in the physical layer of these 

communicationsystems. Therefore, FFT architecture is presented forimplementing the FFT 

computation efficiently. Variousalgorithms like radix4 , split radix  are based on radix2FFT 

approach. FFT architectures likeR2MDC (Radix2 Multipath Delay Commutator), 

R2SDF(Radix 2 Single path Delay Feedback), R4MDC (Radix4Multipath Delay 

Commutator), R4SDF (Radix 4 Single pathDelay Feedback) are designed for Radix2 and 
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Radix4algorithm earlier. In these architecture, hardwares requiredare not well established and 

also the complexity is high. Toachieve the efficient implementation of the FFT with 

reducedhardware complexity and power consumption. 

2. OFDM 

OFDM is a Frequency Division Multiplexing scheme used as a digital multi-

carrier modulation method. A large number of closely spaced orthogonal sub-carrier 

signals are used to carry data on several parallel data streams or channels. Each sub-carrier is 

modulated with a conventional modulation scheme (such as phase-shift keying) at a low 

symbol rate, maintaining total data rates similar to conventional single-carrier modulation 

schemes in the same bandwidth 

 

2.1 OFDM Block Diagram 

OFDM is a specialized FDM, the additional constraint being all the carrier signals are 

orthogonal to each other. The sub-carrier frequencies are chosen so that the sub-carriers 

are orthogonal to each other meaning that cross-talk between the sub-channels is eliminated 

and inter-carrier guard bands are not required. This greatly simplifies the design of both 

the transmitter and the receiver, unlike conventional FDM, a separate filter for each sub-

channel is not required. 

3. Basic FFT Structures 

In general, FFT is used to convert the time domain representation of sampled signal into 

frequency domain representation of sampled one. Two types of FFT structures are available 

for performing those transformations are (1) Decimation in Time (DIT) - FFT and (2) 

Decimation in Frequency (DIF) - FFT. The Radix-2 FFT architecture is based on Cooley – 

Tukey algorithm and it’s also called the butterfly diagram.  

3.1 Butterfly diagram of  8 point FFT  

In Radix-2 computation, N-point DFT (Discrete Fourier Transformation) is represented as 

follows:  

𝑋(𝑘)=1/N  x n  e−j2πn/N𝑁−1

𝑛=0
                 For    n=0,1,2…N-1 

https://en.wikipedia.org/wiki/Frequency-division_multiplexing
https://en.wikipedia.org/wiki/Modulation
https://en.wikipedia.org/wiki/Orthogonality#Communications
https://en.wikipedia.org/wiki/Subcarrier
https://en.wikipedia.org/wiki/Subcarrier
https://en.wikipedia.org/wiki/Data
https://en.wikipedia.org/wiki/Crosstalk_(electronics)
https://en.wikipedia.org/wiki/Phase-shift_keying
https://en.wikipedia.org/wiki/Symbol_rate
https://en.wikipedia.org/wiki/Frequency-division_multiplexing
https://en.wikipedia.org/wiki/Orthogonality#Communications
https://en.wikipedia.org/wiki/Crosstalk_(electronics)
https://en.wikipedia.org/wiki/Transmitter
https://en.wikipedia.org/wiki/Receiver_(radio)
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Similarly, N-point Inverse Discrete Fourier Transformation (IDFT) is represented as follows: 

x(n) =  X K e−j2πKn /N𝑁−1

𝑘=0
, for n=0,1,2…N-1 

The Fast Fourier Transform (FFT) was proposed by Cooley and Tukey to efficiently reduce 

the time Complexity to O (N log 2N), where N denotes the FFT size and is represented as 

𝑋 𝑘 =  x n  e−j2πn/N𝑁−1

𝑛=0
,  for 0 ≤ k ≤ N-1 

The IFFT is represented as 

x(n) = 1/𝑁 X K 𝑊𝑁
−𝑛𝑘

𝑁−1

𝑘=0
,for n=0,1,2…N-1             

𝑊𝑁 = e−J2π/N  

FFT technique to determine the spectral characteristics of discrete sampled signals. Two 

types of FFTs (Decimation in Time (DIT) FFT and Decimation in Frequency (DIF) FFT) are 

involved to find the frequency transformation of sampled signals. 

 

3.2 Decimation in time and frequency diagram 

In Decimation-in-time(DIT) FFT, the butterfly is  multiply before add/subtract and 

Decimation-in-frequency(DIF)FFT  butterfly is  multiply after add/subtract.  
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Both are radix-2type: problem size is reduced by 2 at each stage. In this project the radix -2  

64 point FFT is implemented in Decimation-in-Frequency. 

4. Radix-8 FFT Architecture 

Radix-8 FFT algorithm which was surveyed to improve the speed of functioning by reducing 

the computation, it can be obtained by changing to base to 8. For a same number if base 

increases the power will reduce. FFT algorithms using higher radix can be designed by 

decomposition of the frequency domain samples into more groups at the cost of more 

complicated control.A radix-8 butterfly can also be realized by cascading three radix-2 

stages, which is called radix-2
3 

algorithm.  Radix-r FFT can easily derived from DFT by 

decomposing the N point DFT into a set of recursively related r-point transform and x(n) is 

power of r. In Radix-8 algorithm the r is 8. The DIT Radix-8 FFT recursively partitions a 

DFT into eight quarter-length DFTs of groups of every eighth sample. The outputs of these 

shorter FFTs are reused to compute many outputs, which greatly reduce the total 

computational cost. The Radix-8 Decimation-In-Time and Decimation-In-Frequency Fast 

Fourier Transform (FFTs) gain their speed by reusing the results of smaller, intermediate 

computations to compute multiple DFT frequency outputs. Fig.1 shows the basic structure of 

Radix-8 butterfly unit. A radix-8 FFT algorithm can be constructed by following the same 

techniques used to convert the classical radix-2 and radix-4 algorithms 

 

 

Signal flow graph for Radix-8 butterfly unit. The butterfly unit is designed to perform 

basically the radix-8 DIF FFT algorithm and also it can compute radix-4 or radix-2 DIF FFT 

algorithm. It computes the radix-8 FFT in all computational stage. 
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5. Comparison Table 

Parameters Existing 

Radix-2 

SDF 

Proposed 

Radix-8 

SDF 

LUTs 840 601 

Slices 528 368 

Delay 10.455ns 10.232ns 

Power 1.556W 1.188W 

 

 

6. Experiental Results 

(A) Area 
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(B) Delay 

 

(C) Power 

 

7. Conclusion 

The conclusion of this design is to improve the speed and to reduce the area, delay and 

power. Radix-8 FFT, which is used to improve the speed of functioning by reducing the 

computational path. In the proposed new architecture named as ―Radix-8 SDF FFT‖. In this 

architecture, the numbers of stages are reduced to 75%. The SDF FFT is to increasing the 

processing speed of architecture. The performance evaluation of Radix-8 SDF FFT 

architecture is determined through Very Large Scale Integration (VLSI) system design 

environment. In the VLSI system design, less area utilization, low power consumption and 

high speed are the main parameters. Hence, the main goal of proposed architecture is to 

reduce hardware complexity, power consumption and increasing both speed and throughput 

of the system. Applications: Mobile Ad-hoc Network (MANET), Orthogonal Frequency 

Division Multiplexing (OFDM) System. 
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