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Abstract:

In view of emerging networks low power consumption, low latency and accuracy are the
most important issues. To address these issues, optimization is the important aspect that
can solve these problems. In the communication channel the low latency is due to the
conversion from time domain to the frequency domain at the receiver. The conversion of
the time domain to frequency domain can be obtained by using FFT/IFFT which involves
butterfly radix methodology. In this paper, a new algorithm is developed to reduce the
computation operation in Radix-8 FFT implementation and which intern reduces the area,
power consumption and latency. This optimized Radix-8 provides better performance
compared with the previous Radix architectures.
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. INTRODUCTION

The efficient computations and analysis of the spectrum are obtained in the fields of
communications through conversion from time domain to frequency domain and which
can be achieved by DFT/FFT [1]. Mainly FFT has been used in OFDM systems, Wireless
communications, GPS [2]. In FFT algorithm, the computation time and complexity can be
reduced by applying logarithmically [3]. In the literature there are number of algorithms
were proposed to reduce the complexity and time taken to reduce the computation time [7].

The proposed algorithms for the Digital signal processing are performed excellent on
MATLAB toolboxes [4]. In this context, a digital signal processor which converts time
domain signals to frequency domain are the crucial and needs new approaches and
applications for reducing the latency. So optimized and low computation FFT
implementation is very essential for reducing the latency in DSP processors [5]. The VLSI
technology has given enormous changes for implementing the DSP hardware design with
low power, area and reduced latency [6]. In the present day scenario, the required and the

desirable throughput are to be achieved with reduced time and power [8].
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In this context, to reduce the design complexity and time delay in higher radix FFT
implementation because the higher radix requires the higher hardware design and
complexity depends on the length of FFT implementation. A new algorithm has been
proposed in this paper to achieve less complexity in design and reduced latency for

conversion in 8 point FFT implementation.
I1. Algorithm for proposed architecture

The radix format is the most efficient design for computing the DFT by using FFT. In this
section the existed systems for Radix-2, Radix4, Radix-8 are discussed and also the

proposed optimized Radix-8 architecture algorithm is presented here.
1.1 RADIX-2 ALGORITHM

The basic fundamental method which was proposed by the Cooley-Tukey for the
computation of the DFT is butterfly method. The radix-2 is that which requires inputs 2
and outputs? at the end [9]. The equations 1 and 2 explain the computation of DFT using
butterfly method.

n
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The above equations 1 and 2 are implemented with adder, subtractor and twiddle factor.

The butterfly diagram for 8 point FFT in DIF (decimation in frequency) is shown in
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Figure 1: Radix-2 8-point butterfly flow diagram
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The figure 1 shows the butterfly diagram of the 8point FFT and the mid stage represents

the twiddle factor, computed for converting the values.
ILII RADIX-4 ALGORITHM

The Radix-4 algorithm has computations for 4 inputs and will have 4 outputs at the end.

The Radix -4 computations are represented by these following equations.
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The equations from 3 to 6 are representing the computational complexity for calculating
the twiddle factor for Radix4 and the butterfly diagram is shown in the figure with DIF.

Figure 2: radix 4 4-point FFT butterfly diagram
To obtain the 8 point FFT for Radix 4 the further stages are coupled with Radix-2.
1. 111 RADIX-8 ALGORITHM

The Radix-8 algorithm requires the 8 inputs for computation and provides 8 outputs at the
end. The computational complexity is very high as the Radix increases and that is shown in

these following equations.
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Fig 3: radix 8 8-point flow diagram
111 Proposed Radix-8 algorithm architecture

The computational complexity and delay increases along with the higher Radix FFT
implementation but higher throughput will be achieved with higher Radix FFT. In this
proposed algorithm, to decrease the computational time and increase the throughput, the

standard Radix -8 algorithms is analyzed and this can be achieved by assigning base to 8.

In the proposed algorithm, an N point DFT is separated into groups of iteratively
associated Radix ‘R’ point transformation and the input x(n) be is powers of R. For Radix
8 algorithm ‘ R’ value is 8 and the Decimation in frequency (DIF) Radix-8 FFT can be
obtained by repetitively partitions DFT with ‘R’ point transformation i.e into eight length
DFT with individual eighth sample . In this context the distributed outputs of smaller FFTs
are can be again utilized for computing the overall outputs because of this the
computational complexity reduces and the latency will be reduced effectively.

Hence the complex computations that are carried at the first stage of FFT implementation
will be pushed to the final stage and thus reducing the multiplication time required, area,

the delay and the power utilization at the same time it improves the maximum throughput.
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Figure 4: Proposed optimized Radix 8 FFT flow diagram

The figure 4 shows the proposed Radix 8 FFT diagram, in this algorithm the stage 1 has
less computations as it takes the input values and processes to the stage 2. With this less
computation the input values are given to the stage 2 so the computational speed increases
and the design complexity reduces. Hence reduction in multiplications and complexity,

improves the system design, power consumption and latency.

The proposed architecture of Radix-8 algorithm consists of the output as complex and real
terms. In this proposed system the given 8 bit inputs are taken as real data. This data is
further preceded with using butterfly Radix-2 implementation which reduces the delay
path. This Radix 2 module is calculated and every time instances it will be called for small
computations. Hence the simplified computations continued up to the final stage
calculations which improve faster system calculations and efficient final value in

frequency domain.

In this proposed system the twiddle factor have been calculated will be stored in the

register this stored value in the register multiplied with the stage 1 calculations. This
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process will be continued for the each until the final stage is obtained. Hence the final
stage computations in the 8 point Radix-8 FFT reduced and hence it is a high speed

improved technique.

V. Result
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Fig 6: Simulation result of the proposed system

Page | 187 www.junikhyat.com Copyright ® 2020 Authors



Juni Khyat ISSN: 2278-4632
(UGC Care Group I Listed Journal) Vol-10 Issue-5 No. 5 May 2020

¥ Fle Edit View Project Source Process Tooks Window Layout
o2 | & Xoa| 2ALPARLRAIA FTEDZ:FR:PEL
Design 08 X *

View: @ {§} implementation ) 5 smuation 3
(] | Hierarchy

3
& - &
,

&
| existing

5 xcratonn3esqioe

=[] test fft (test fft)
= o [Weh uut- fit ()
&
P

P | B2 NoProcesses Running

74, | Processes: uut - ft A
#| & Design Summary/Reports

W%  Design Utilities
@@  User Constraints

- B0\ Synthesize - XST

View RTL Schematic

View Technology Schematic
[¢]
[¢]

£5 | £

Check Syntax
Generate Post-Synthesis Si...
@)  Implement Design
¥)  Generate Programming File

LA Confinues Tarnet Davice
& Start | B3 Design | [} Fies | [ Lbraries | &= Design Summary (Synthesized) fft (Tech?) B
View by Category
Design Objects of Top Level Block Properties of Instance: fft

Instances A || Pins Signals Name Value o)
= oy fit i oy fft o oy fit Type fit1

D clk BUFGP v SHREG_MIN_SIZE 2 v
I?‘ Console @ Errors | 1\ Warnings | 1§ FindinFilesResults | [ View by Category

[1004,6520]

Fig 7: Technology schematic of the existing system

o) File Edt View Project Source Process Tools Window Layout Help

N

U .
Design w08 X ‘
view: @) {8} Implementation () (] Smuiation ¥
& | Hierarchy
@ fft
£ xc7a100t-3csq324
3 fit (it

B8

<)

P | T) NoProcesses Running

\{: Processes; fft A
{ £ Design Summary/Reports (€)
<ign Utilities
W& User Constraints
1@ Synthesize - XST
View RTL Schematic
{®  View Technology Schematic
{0 Check Syntax
)  Generate Post-Synthesis Si..
# )  Implement Design
£)  Generate Programming File

b Confinics Tacoat Davica

» St | 9 Desgn | L) Fies | ) Libraries ‘1\ fitw L Design Summary (out of date) ; test fity o ftRTLY)

View by Category

«0

Design Objects of Top Level Block Properties: (No Selection)

Instances Pins Signals Name
i i fit i & fit 0 gy fit

Value

Fig 8: Technology schematic of the proposed system
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Fig 12: Summary report of the proposed system

Table 1: comparison of Radix-8 FFT architectures

LUT

Delay

Memory usage

Existing
(8- point radix 2)

138

4.955 ns

385292 kb

Proposed
(Optimized Radix 8)

139

4.205 ns

386348 kb

V. Conclusion and Future work

The proposed Radix 8 optimized system technique improves the high throughput and area

required. Power consumption and delay can be reduced. The FFT implementation with

reduced latency implementation has enormous applications in the wireless communications

where the OFDMA implementation is purely depends on FFT /IFFT modules. The latency

in the wireless communications can be reduced with this proposed algorithm.

Page | 190

www.junikhyat.com

Copyright ® 2020 Authors



Juni Khyat ISSN: 2278-4632
(UGC Care Group I Listed Journal) Vol-10 Issue-5 No. 5 May 2020

Further this work can be enhanced with an Application Specific Integrated Chip (ASIC)

for reducing the latency and improving the throughput in wireless communication systems
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