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Abstract— A novel approach to develop a Fast Fourier 

Transform (FFT) for real valued signal using Radix 2
5
 

algorithm is proposed in this paper. Methodology is to 

modify the flow graph of the FFT architecture. Redundant 

components are replaced by the imaginary computations. 

Hardware complexity of this RFFT architecture will be low 

compared to Radix 2
3
 and Radix 2

4
 algorithms in terms of 

adder, multiplier and delay. This proposed architecture 

maximizes utilization of hardware with no redundant 

computation. RFFT is used for real time applications and 

also in portable devices where low power consumption is 

the main requirement. So accordingly Vedic multiplier and 

carry propagate adder has been used in the proposed work. 

These adder and multiplier will help to reduce the delay of 

the system. So accordingly the system will be fast, which is 

a must have feature for the portable and real time systems. 

Key words: Fast Fourier Transform (FFT), Parallel 

Processing, Pipelining, radix-2
5
, Real Signals. 

I. INTRODUCTION 

One of the widely used algorithms for the calculation of 

DFT in the field of digital signal processing is Fast Fourier 

Transform (FFT) [1]. The interest in computing the real 

valued(RFFT) signals is increasing now a days. RFFT plays 

an important role in various fields such as biomedical 

applications, communication systems, sensors and radar 

signals processing etc. The dedicated RFFT architecture will 

help to reduce the hardware complexity in Discrete Multi-

Tone (DMT) technologies like Very High Bit-rate Digital 

subscriber line (VDSL) [2] and Asymmetric Digital 

Subscriber Line (ADSL) [3]. In sensor signal processing 

area, the FFT is used in frequency domain beam forming, 

source tracking, and harmonic line association [4], [5]. 

RFFT is very important algorithm in analyzing the signals in 

medical field such as Electrocardiography(ECG), and also 

the signals such as  Electroencephalography(EEG)  [6]. 

Many algorithms have been developed in the past for the 

computation of RFFT [7], but these algorithm lack regular 

geometry design pipelined architecture. A novel approach to 

design efficient pipelined architectures for RFFT was 

presented for the first time in [9]. This architecture is 

obtained by modifying the radix-2 flow graph to achieve real 

Data paths and processes 4 samples in parallel. 

In the proposed system a FFT architecture for the real 

valued signal using radix 2
5
 algorithm will be designed. In 

this work the hardware complexity of the circuitry will be 

reduced to a great extent as compared to the radix 2
3
 and 

2
4
algorithm[8]. The number of adder and multiplier used in 

this work are less compared to previous algorithms. 

Maximum number of redundant component are eliminated 

which will lead to the maximum utilization of the hardware 

and also reduce the hardware complexity to a great extent. 

This is very important when real valued signal applications 

are to be considered. This also lead to a very low area and 

power consumption. 

II. RELATED WORK 

Various algorithms for computation of RFFT is presented in 

the past but they lack regular geometry. Regular geometry is 

very important in deriving pipelined architectures. First 

pipelined architecture for real valued signals was given in 

[9]. This architecture lacks regular geometry and is 

restricted to Radix 2 and radix 4 parallel RFFT architecture. 

Also it has only real datapaths. Designing of FFT with real 

and complex inputs is given in [10]. But in this architecture 

even after removing the redundant computations, it still 

calculates these samples. Also there is no full hardware 

utilization of architecture in this paper. In [11] a FFT 

architecture is presented but it has more hardware 

complexity than our proposed architecture. Also it has more 

number of adders, multipliers and delays compared to our 

proposed architecture. 

III. PROPOSED WORK 

In the proposed system after the input are given, at the first 

stage the redundant components are removed. Again at 

every stage redundant components are removed until we get 

the final output. 

The N-point Discrete Fourier Transform (DFT) of a 

sequence x[n] can be written as :- 

      

 [ ]  ∑  [ ]  
     

                      (1) 

  Where 

                                           (2) 

In RFFT inputs are real, If x[n] is real, then the output X[k] 

have conjugate symmetric 

X [N-k] = X
*
[k]                     (3) 

Due to this, (N/2)-1 output calculations can be removed as 

they are redundant. 

A. Modify Butterfly structure 

Redundant components can be calculated using the 

algorithm proposed in [9]. After that these redundant 

components can be removed. Removing these components 

will lead to irregular geometry. Due to this pipelining cannot 

be done efficiently. So these components are replaced by 

imaginary parts. Now efficient pipelining can be done. Now 

we will have both the real and the complex data path in the 

flow graph. So to handle this situation we have two butterfly 

structures. The Butterfly structure I will handle two real 

inputs and consist of only real adders shown in Fig(1). The 

Butterfly structure II will handle the complex inputs. Fig (2) 

shows a butterfly structure II which will act as regular 

butterfly with real inputs as well as complex butterfly with 
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complex inputs. This butterfly structure only requires two 

real adders. 

 
Fig. 1: Butterfly structure I 

 

Fig. 2: Butterfly structure II 

B. Adder 

In nearly all digital IC design today. Addition operation is 

one of the most essential and frequent operation. Instruction 

sets for DSP and general purpose include at least one type of 

addition. Other instructions such as subtraction and 

multiplication employ addition in their operation and their 

underlying hardware is similar if not identical to additional 

hardware. Often an adder or multiplier will be in the critical 

path of the design hence performance of device will be often 

limited by performance of its adders when looking at the 

other attributes of the chip, such as area or power designer 

will find that the hardware for the adder will be larger 

contributor to these areas. It is therefore beneficial to choose 

the correct adder to implement in design because of many 

factors it aspects in overall chip.RFFT is mainly used for the 

real time applications. In this the low power and low area is 

the main requirement. So that we have to select adder 

accordingly. So number of adders such as carry skip adder, 

carry propagate adder and carry look ahead adder are 

simulated on Spartan 6 Xc6s116 device, CSG324 Package. 

But out of these carry propagate adder suits best for our 

requirement. Its output waveform is shown in Fig(3). 

 

 

 

 
 

Fig. 3: Output Waveform of carry propagate adder 

C. Multiplier 

Multiplier plays an important role in today’s digital signal 

processing and other applications. With advancement in 

technology many researchers have tried and are trying to 

design multipliers which offer either of the following high 

speed ,low power consumption and hence less area or even 

combination of them in one multiplier. Thus makes them 

suitable for various high speed, low power compact VLSI 

implementation. Common multiplication method is add and 

shift algorithm. Multiplication is mathematical operation 

that at its easiest  is an abbreviated process of adding an 

integer to itself a specified number of times. A number is 

added to itself as number of times as specified by another 

number to form a result. Normally the multiplication is done 

by shift producing partial products. Afterwards these partial 

products are added. This is a lengthy and time consuming 

process. As per our requirement fast multiplication is 

required. There are number of multipliers available but the 

one which suits our requirement is vedic multiplier. This is 

one of the fastest multiplier available.The  Vedic multiplier 

is designed using Urdhva Tiryagbhyam sutra and carry-skip 

technique for partial product addition. It is a ancient 

multiplier but a very fast multiplier  as compared to other 

multipliers available. It requires much less power and area 

on the fpga compared to other multipliers. In a normal Vedic 

multiplier, the carry from each partial product addition is 

given to the next partial product bit calculation.Vedic 

mathematics is the name which is given to the ancient 

Indian  system  of  mathematics  that  was  rediscovered  in  

early  twentieth  century.The output waveform of vedic 

multiplier is shown in Fig(4). 

 
Fig. 4: Output Waveform of vedic multiplier 
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IV. RESULT 

The Proposed architecture is simulated on Modelsim as well 

as Xilinx simulators successfully and the output of the same 

is shown in fig. below. The inputs which are given to this 

FFT architecture is shown in fig.5 and the final output of the 

FFT architecture is shown in fig. 6. 

 
Fig. 5: Input to the FFT Architecture 

 
Fig. 6: Output of FFT Architecture 

V. COMPARISON AND ANALYSIS 

Table I compares the hardware complexity in terms of 

multipliers. In this we have taken N=64. It is observe that 

the number of multipliers required in the proposed 

architecture will be less as compared to radix- 2
3
 and radix-

2
4
architecture. Also the Table II compares the three adders 

that are carry propagate, carry look ahead, and the carry skip 

in terms of their area, power and delay. After seeing this 

table we can say that the area, power and delay of the carry 

propagate adder is less compared to the other two adders. So 

we have selected carry propagate adder for our work. So the 

hardware complexity will also be reduces eventually. 

 

 

 

 

 

Architecture Equation Number of multipliers 

Radix-22 Log4 N-1 29 

Radix-23 Log8 N-1 19 

Radix-24 Log16 N-1 14 

Radix-25 Log32 N-1 11 

Table 1: Number of Multipliers Required For The 

Computation 

Adder(16bit) Power(mw) Delay(ns) Area(slices) 

Carry 

propagate 

30 15.243 25 / 9112 

Carry look 

ahead 

42 13.567 59/9112 

Carry skip 37 14.767 44/9112 

Table 2: Adders Comparison In Terms Of Area, Power and 

Delay 

VI. CONCLUSION 

The proposed system is to design a FFT architecture for real 

valued signals using Radix 2
5
 algorithm. This system will 

reduce the number of adders and multipliers requirement. 

Better and efficient adders and multipliers have been used in 

this proposed architecture. This architecturelead to low 

hardware complexity and better utilization of the hardware 

components as compared to the prior systems. This 

architecture is very useful where the real valued signals are 

the priority requirement. This system is very useful in 

applications like biomedical applications, communication 

systems, sensors and radar signals processing, and also 

Electrocardiography (ECG),  Electroencephalography 

(EEG) as well as portable devices such as mobile phones 

etc. 

VII. FUTURE SCOPE 

Further higher parallel architectures can be developed using 

the proposed approach. Parallel pipelined architectures can 

also be derived for decimation-in-frequency (DIF) 

algorithms. In case of complex FFT, it was observed that for 

higher-level parallelism, the DIT architectures require less 

delay elements than DIF. Also even better adders and 

multiplies can be used to get an even more efficient 

hardware. 
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