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Abstract 

In 1965, Cooley and Turkey have proposed an algorithm which is a “Fast Fourier transform 

(FFT)”.It possibly will diminish the computational multifaceted nature of“Discrete Fourier 

transform(DFT)”fundamentally. The developmentof FFT is well thought-out as milestone 

advancement in the research area of wireless communication such as “Digital Signal Processing 

(DSP)”. Since it might speed up the DSP algorithms fundamentally with the end goal that 

ongoing computerized signal handling could be conceivable.Also, the quick development in 

remote interchanges has achieved another time of remote mixed media applications and 

administrations, for example in the broadcasting of information, picture, and video above remote 

broadband access systems. As requires are“Orthogonal Frequency Division Multiple Access 

(OFDMA)”. The "Time Division Duplex (TDD)" plot based regulatory strategy is a fascinating 

remote correspondence innovation with a multi-channel genuine sound system for high data rate 

remote access. We additionally portrayed the models and the direct signal for the planned TIR23 

SDF. The exploratory outcomes demonstrate that the FFT dependent processors on TIR23 SDF 

lessen concerning 43.3% of the equipment multifaceted nature in the FPGA execution.  

Keywords:FFT, DFT, OFDM, Digital signal processing, FFT/IFFT processor 

1. Introduction: 

The increase of development in the area of wireless technology has been improved, for this 

development, one of the main components used is IFFT/FFT processor.The IFFT/FFT processor 

is used in the OFDM system used for transmission in wireless communication systems. This 

processor performs baseband multi-carrier modulation and demodulation. The IFFT/FFT 

processor is mainly used in “SISO-OFDM” and “MIMO-OFDM” systems. This processor is 

more efficient in the “MIMO-OFDM” systems when compared to the “SISO-OFDM” systems 

but the MIMO-OFDM system requires more than one IFFT/FFT processor [1]. In the "MIMO-
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OFDM" framework, the physical difficulty of this processor can be controlled to provide 

improved data rates for the next generation[2]. 

“MIMO (Multi-Input and Multi-Output)” is antenna technology. Antenna arrays are present in 

the MIMO system in the “transmitter and receiver” areas.In the area of wireless communication 

which requires is high-speed data transmission. Hence to avoid any distortions in the MIMO 

system OFDM is effective. The system complexity of the MIMO OFDM system is high due to 

the increase in baseband processors[20]. There are many designs proposed to minimizethe 

hardware complexity of the “MIMO-OFDM” system using IFFT/FFT processor single of the 

designs are pipelined architecture but its power consumption is high [21]. If we used efficient 

multiplier architecture in FFT processors it provides extra advantage [22,23,24,25,26,27,28]. 

 

Fig. 1:  Block diagram of the FFT processor 

Symmetrical and asymmetrical data communication services are supported by the Time division 

duplex scheme [3]. TDD (time division duplexing) scheme or Time-division multiplexing in 

which the several signals analog or digital can be transmitted through one channel by dividing 

the several signals based on time. OFDM systems are used often for the transmission of data 

through wireless communication. The FFT processor that is used in MIMO systems is based on 

the OFDM and Time-division duplex scheme such that data is transmitted through the single 

channel without any interface of any other signals.  

In this paper, the working of the IFFT/FFT processor for the MIMO-OFDM system is explained 

through different sections. There is a total of seven sections; section 1 is the abstract of this 
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paper. Section 2 is the introduction to the IFFT/FFT processor using the FFT algorithm and the 

development of this processor. Section 3 is literature in the FFT algorithm such that it explains 

how the FFT algorithm is derived and the developments made in the past 50 years in the FFT 

algorithm. Section 4 is methodology; this section explains how the FFT algorithm is introduced 

to the wireless “MIMO-OFDM”system. Section 5 is results and comparison this section 

compares the previous technologies that are developed using the FFT algorithm, it also explains 

the timing diagram of the FFT processor. Section 6 is applications,this section explains the use of 

FFT in different domains such as DSP, Image processing and other various domains also. The 

last section 7 is the conclusion, thissection concludes the topics that are explained in this paper. 

 

2. Literature in FFT Algorithm: 

 

“FFT” algorithm performs the same operation as the “DFT”. DFT translates every time domain 

signal into the representation frequency domain. The order of complexity in Discrete Fourier 

Transform is O(N
2
). The complexity of a system is high when using the discrete Fourier 

transform algorithm due toits order of the system. The FFT Fast Fourier Transform algorithm 

was developed based on DFT to reduce the order from O(N
2
)to O (N 𝑙𝑜𝑔2

𝑁).Thecomputational 

brute force is high in DFT systems such that the FFT algorithm was developed.To transmit 

digital signals earlier before the development of FFT algorithm DFT is most widely used in these 

systems. Although the FFT algorithm was developedbefore 1965but it was not published until 

Cooley and Tukey’s article released in the year 1965. 

  

The DFT for N-point is calculated correspondingly as shown in equation (1)  

𝑋 𝑘 =   𝑥 𝑛 𝑊𝑁
𝑛𝑘 ,𝑘 = 0,1,2, … , 𝑁 − 1,

𝑁−1

𝑛=0

                           (1) 

The “Inverse Discrete Fourier Transform (IDFT)” for N-point is calculated respectively as 

shown in equation (2) 

𝑥 𝑛 =
1

𝑁
 𝑋 𝑘 𝑊𝑁

−𝑛𝑘 ,𝑛 = 0,1,2, … , 𝑁 − 1,

𝑁−1

𝑘=0

… (2) 

Where k is the frequencyand n are the time index. 𝑊𝑁
𝑛𝑘 = Twiddle factor and it can be shown as: 
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  𝑊𝑁
𝑛𝑘  = 𝑒−𝑗2𝜋𝑛𝑘 /𝑁  = cos 2𝜋𝑛𝑘

𝑁
 − 𝑗 sin 2𝜋𝑛𝑘

𝑁
 ……….(3) 

 

The twiddle features multiplicative complicationcould be minimized employing upper 

radicessimilar to radix-8 [5] or radix-16 [6].The above equations (1) and (2) explain the 

computation difficulty of DFT. From equation (1) DFT requires N complex multiplications and 

(N-1) complex additions. Table 1 shows the number of actualaccompaniments and amount of 

real multiplication forcalculating a length an 'N’ complex value for DFT. 

 

Table 1: Number of real additions and the number of real multiplications to compute a length-N complex 

value DFT. 

 

N 

 

 

 

Real multiplications Real additions 

Radix 2 Radix 2
2 

Radix 2
3 

Split Radix Radix 2 Radix 2
2 

Radix 2
3 

Split Radix 

16 152 148 - 148 24 20 - 20 

32 408 - - 388 88 - - 68 

64 1032 976 972 964 264 208 204 196 

128 2054  - 2308 72 - - 516 

256 5896 5488 - 5380 1800 1392 - 1284 

512 13566 - 12420 12292 4360 - 3204 3076 

1024 30728 28336 - 27652 10248 7856 - 7172 

 

N-point complex-valued input of DFT can be expressed as 

 

𝑋 𝑘 =    𝑥𝑅 𝑛 𝑊𝑅𝑁
𝑛𝑘 − 𝑥1 𝑛 𝑊𝐼𝑁

𝑛𝑘 ) + 𝑗 𝑥𝑅 𝑛 𝑊𝐼𝑁
𝑘𝑛 + 𝑥1 𝑛 𝑊𝑅𝑁

𝑘𝑛  ……… . (4)

𝑁−1

𝑛=0

 

Many of the efficient algorithms are developed based on the basic principle divide-and-conquer. 

Fast Fourier transform or Fast Fourier has enhanced the performance in computational time. As 

mentioned in the paper there are three classes in the complex-valued FFT algorithm. The special 

cases in the FFT algorithm are discussed at the end of this section with real multiplication and 

real addition of radix-2,radix-4,radix-8. 
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3. Methodology: 

 

The FFT algorithms are mainly classified into three classes of algorithms. One of the classes of 

the algorithm consists of Complex-Valued FFT Algorithm, the input for the complex-valued FFT 

is always considered as complex and are used to improve the computational speed and decreased 

the computational complication and hardware performancecomplication. Another class of 

algorithm is the Real-Valued FFT algorithm; the input for this type of algorithm is always real. 

The third class of algorithm involves FFT algorithms which consist of Special Methods, for these 

Methods we can optimize the FFT Algorithm, for example, by considering only a desired part of 

the output or the multidimensional inputs are the no power inputs or the input consists of the 

largequantity of zero’s in it. Third generation partnership project (3GPP) Long term 

development, contemporary microscopy, and signal processing for radarare some of the specific 

applications that are useful in FFT algorithms [7-9]. 

 

Fig. 2: The block diagram for the FFT processor 

 

 4. Results and comparison: 

A 10MHz process clock has been used in traditional Wi-Bro devices for the FFT and IFFT clock 

era. For the concurrent FFT and IFFT operation, the TIR23SDF uses a 20 MHz clock. Next the 

process FFT is '1' for the primary condition of the IFFT method and '0' on the state-machine state 

instant by a clock of 20 MHz is put for the FFT method. For knowledge purposes using the FFT 

system the "FFT" processor uses a TIR23SDF multiplex ULI-FFT in and DL-FFT. The butterfly 

subtract and add signals, the presence and the output of FIFO, the constant multiplier signals. In 
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the signal of an unpredictable multiplier, the grouping type of the mixed gesture is observed. 

Since internal FFT mode for FFT and IFFT mode partitioning is persistently restrictive of these 

internal signals. This method is shown using the 1024 FFT Processor Focus Plan Map using the 

template of TIR 23SDF. In conventional gadgets, the working clock FFT and IFFT use a 10 

MHz activity scan. The TIR23SDF proposed uses 20 MHz for the synchronous FFT and IFFT 

operations. The key condition of the FFT approach is that the '1' is set to the IFFT form and the 

'0' to the FFT mode is set. At 20MHz clock in the second state on the computer. For the data 

details by FFT mode the FFT processor uses TIR23SDF multiplex ULIFFT and DLFFT. 

Butterfly expansion and substraction, details and yields from FIFO, signs of the consistent 

propulsor and signs of an erratic multiplier are treated with respect to the community type of 

mixed symbol, since these internal characters are constantly being restricted via the FFT system 

for the FFT and IFFT mode partitions. 

 

 

Fig. 3: Timing diagram for 1024 points FFT processor using TIR2
3 

SDF architecture 

 

Many algorithms are built according to the basic dividing and conquering concept. The 

computing time is increased with an algorithm FFT. In the field of biomedical design and human 

resources, the preparation of sound and images, the review of time arrangements, and numerous 

others, R-FFT is also given an unbelievable recognition[10] as a productive recognition of R-

FFT. Some equations are proposed for the measurement of RFFT along these lines. Genuine 

valued FFTs boost CFFTs by area and speed[11]. RFFT calculations are typically customised by 

using trigonometric balances and periodicities[11] to provide genuine valued information. At 

first, we address different methodologies in the accompanying subsection for the FFT's 

estimation of true valued knowledge. 
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5. Applicationsof FFT: 

 

i. In the field of DSP applications: 

Spectral investigation of signals is one of the most significant and core applications. The FFT 

analyser changes the time-domain information into frequency-domain. Hence, for investigations 

of signals information, it is necessary to convert into the frequency domain. Based on the 

frequency-domain signal, we can analyse characterizes of signals such as phase, power density, 

magnitude and frequency. After the investigation of these characteristics, apply for modification 

according to their applications. 

ii. In the field of wireless communication: 

Nowadays, in a wireless communication system, the FFT is a very important and purposeful 

block particularly for applications in LTE, WiMAX, IEEE802.11 standards band and OFDM 

systems such as Digital Broadcasting[7,12-14]. 

iii. In the field of image processing: 

For medical image application or we can say in the medical application need to reconstruct, 

filtering and analysis of image through the FFT. But in the case of Fourier demonstration of 

images via FFT, phase and spectral magnitude show different tasks [15]. The phase spectrum is 

more important as compared to the magnitude spectrum and it is expressed by Oppenheim and 

Lim [16-17].  

iv. Apart from above few more applications are: 

A. FFT support Long Integer Multiplication (LIM): 

Mainly LIM is commonly applied in the field of Rivest, Shamir and Adelman (RSA) i.e. 

based on public-key cryptography algorithms. In which utilize arithmetic with integers 

having hundreds of digits [18]. 

B. FFT for Large Dataset Input application: 

In the case of real-time calculation of FFT, it is connecting a big dataset input such as 1K-

2024K. A novel kind of FFT hardware designdescribed serial commentator (SC) is proposed 

for 1K-point FFT application [19]. 
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6. Conclusion 

 

In this paper, it is represented as a summary of the main progress in applications and algorithms 

of FFT. The good look of FFT is its well-organizedcalculation of DFT.For DFT ((Direct 

Computation), in this case, O (N2) order of computations required while in the case of FFT only  

(N log2 N) operations required.Wireless TDD method is a gorgeous wireless communication tool 

for elevated performance object and a high-quality audio system.We explained the architectures 

and control signals such as a constant multiplier, complex multiplier and as the butterfly for 

shared R23SDF. Evaluate of the conventional technique, the proposed technique minimizes 

13.2% of the multiplexer, 38.9% of the register, 50% of the compound multiplier and the 

complex adder 43.3% of the FPGA implementation. Thus, for the requirement of low complexity 

in real wireless multimedia applications, the FFT based processor is very useful. 
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