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ABSTRACT: This paper proposes a novel
Fast Fourier Transform hardware architecture
for natural-order multi-input multi-output
processing, which is based on approximate
computing and the block floating-point data
format. The architecture innovatively
combines the low-power characteristics of
approximate multipliers with the high-
precision advantages of block floating-point
data formats, enabling efficient processing of
2048-point and 4096-point Fast Fourier
Transform data. By employing conflict-free
memory access techniques, the design
optimizes data scheduling, reduces idle
cycles during processing, and significantly
enhances energy efficiency while
maintaining computational
Experimental validation demonstrates that
the processor, fabricated using a 40nm
process, achieves a compact chip area of 0.42
mm?2 . Operating at a frequency of 671.14
MHz, it delivers a throughput of 1073.82
MS/s for 4096-point FFT computations, with
a power consumption of only 110.85 mW and
a Signal-to—Quantization Noise Ratio of
58.51 dB. Compared to state-of-the-art
designs,  this  architecture = achieves
breakthrough improvements in throughput

accuracy.

www.ijesat.com

performance while maintaining competitive
energy efficiency.

INDEX TERMS Approximate computing,
block floating-point, conflict-free access,
memory-based fast Fourier transform FFT,
mixed radix.

L. INTRODUCTION

The Fast Fourier Transform (FFT), as a
fundamental algorithm in digital signal
processing (DSP) and data analysis, has been
widely employed in numerous applications
ranging from wireless communication
systems to medical imaging, audio
processing, and radar technologies [1], [2],
[3]. There exist numerous hardware
architectures for realizing an FFT processor
and each offering distinct advantages. Firstly,
the pipelined architecture [4], [5], [6], which
processes data one sample at a time, is
characterized by independent butterfly units
and dedicated memory at each stage,
enabling continuous  high-speed data
processing and improved throughput.
Instead, the goal of memory-based FFT
architecture [7], [8], [9], [10], [11], [12] is to
reduce the area and hardware resources
usage. The reuse of the butterfly units for
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different stages reduces the number of
processing elements and, therefore, the area
of the circuit. The architecture provides a
more compact design by reusing the butterfly
units and memories. For small-size FFT
processing, the hardware implementation
complexity is low, and pipeline design is
more commonly adopted. As the size
increases, hardware design complexity rises,
and memory-based FFT architectures
become the preferred choice. FFT processors
are computationally intensive and memory-
intensive  architectures  that  require
substantial computational and storage
resources. In certain applications, such as
audio processing and image compression,
users have relatively low  precision
requirements for FFT results and can tolerate
a certain degree of error. Approximate
computing reduces the precision demands of
operations, thereby decreasing hardware
resource usage and lowering dynamic power
consumption. Yan et al. [14] present a top-
down design strategy for approximate
floating-point FFTs, utilizing a mantissa bit-
width adjustment algorithm and a step by step
multiplier approximation algorithm,
achieving 50% area reduction and 70%
power-delay product reduction compared to a
design with 60 dB Signal Noise Ratio (SNR).
To further increase FFT performance, Reddy
and Kumar [15] introduces an approximate
radix-8  multiplier to replace exact
multipliers, resulting in 20% performance
improvement over traditional FFTs which use
radix-8 multipliers. Du et al. [16] propose
four different levels of approximate radix-4
multipliers, achieving a 69.9% reduction in
power consumption and the delay is reduced
up to 45.7% within pipelined FFT
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implementations. Pereira et al. [17] explores
optimal design combinations at various levels
of approximation through the use of
approximate  multipliers and  adders,
achieving a minimum decrease of 20.2% in
power consumption without degrading the
quality of the spectrum generation. Santana et
al. [18] enhances the power efficiency of
butterfly computing units by using an
efficient 5-2 adder compressor, resulting in a
power-efficiency improvement of up to
47.28%. Ferreira et al. [19] explore the
precision loss of different approximation
levels by substituting a set of approximate
adders for precise adders in the butterfly, and
the best-proposed FFT achieves a 35%
reduction in power consumption. Liu et al.
[20] proposes two algorithms for modifying
word lengths under specified error margin,
allowing for a trade-off between precision
and performance, with a 27% power
reduction and a precision loss of less than
2%. With the advancement of edge
computing, the Internet of Things (IoT), and
neural networks, approximate FFT designs
are poised to play a significant role in a
broader range of application scenarios. In this
paper, we propose a new approximate FFT
processor based on combining approximate
multiplication with block floating-point
algorithm, which aims to reduce hardware
cost through approximate computation and
maintain high computation accuracy and
efficiency. By carefully designing the
memory accesses to minimize conflicts
during FFT computation. By aligning with
the memory addressing patterns and the data
dependencies in the FFT algorithm, we are
able to reduce the number of idle cycles,
resulting in a more efficient use of the
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available memory bandwidth and processing
resources, thereby enhancing the efficiency
and throughput of  the overall
implementation.

II. LITERATURE REVIEW:

Memory-based FFT architecture with
optimized number of multiplexers and
memory usage

This brief presents a new -parallel radix-2
memory-based fast Fourier transform (FFT)
architecture. The aim of this brief'is to reduce
the number of multiplexers and achieve an
efficient memory usage. One advantage of
the proposed architecture is that it only needs
permutation circuits after the memories,
which reduces the multiplexer usage to only
one multiplexer per parallel branch. Another
advantage is that the architecture calculates
the same permutation based on the perfect
shuffle at each iteration. Thus, the shuffling
circuits do not need to be configured for
different iterations. In fact, all the memories
require the same read and write addresses,
which simplifies the control even further and
allows to merge the memories. Along with
the hardware efficiency, conflict-free
memory access is fulfilled by a circular
counter. The FFT has been implemented on a
field programmable gate array. Compared to
previous  approaches, the  proposed
architecture has the least number of
multiplexers and achieves very low area
usage.

A 4096- point radix-4 memory-based FFT
using DSP slices,’

This brief presents a novel 4096-point radix-
4 memory-based fast Fourier transform
(FFT). The proposed architecture follows a
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conflict-free strategy that only requires a total
memory of size N and a few additional
multiplexers. The control is also simple, as it
is generated directly from the bits of a
counter. Apart from the low complexity, the
FFT has been implemented on a Virtex-5
field programmable gate array (FPGA) using
DSP slices. The goal has been to reduce the
use of distributed logic, which is scarce in the
target FPGA. With this purpose, most of the
hardware has been implemented in DSP48E.
As aresult, the proposed FPGA is efficient in
terms of hardware resources, as is shown by
the experimental results.

Design of high hardware efficiency
approximate floating-point FFT processor,”

The Fast Fourier Transformation (FFT), as a
high-efficiency algorithm of the Discrete
Fourier Transform (DFT), is widely used in
Digital Signal Processing (DSP), wireless
communication systems, spectrum analysis,
and 1image processing. Approximate
computing has shown effectiveness and
feasibility to enhance the hardware efficiency
of these applications. However, most
approximate units in previous works are
designed case by case, which has low
efficiency and is difficult to find the optimal
design. In this paper, a top-down design
strategy for approximate floating-point (FP)
FFT is proposed, which includes a mantissa
bit-width adjustment algorithm and a step-
by-step multiplier approximation algorithm.
With the mantissa bit-width adjustment
algorithm, the approximate 64 FP FFT
achieved 50% area reduction and 70%
power-delay product (PDP) reduction
compared to the exact design with a 60dB
Signal Noise Ratio (SNR) requirement,
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which is also at least 52% and 33% better
than the previous approximate FP FFT. After
using the step-by-step multiplier
approximation algorithm, the approximate
mantissa multiplier with an 8-bit fractional
part reduced the area and PDP by 81.15% and
93.70%, respectively. The feasibility of the
proposed approximate FFT design is verified
in the channel estimation module of a
wireless communication system, spectrum
analysis, and image processing system.

“Performance analysis of 8-point FFT using
approximate radix-8 booth multiplier

Most commonly used algorithms in digital
signal processing are Fast Fourier Transform
(FFT) and Inverse Fast Fourier Transform
(IFFT). In FFT butterfly unit is the basic unit
which contains components like multipliers
and adders. Implementing these components
plays a very tough role in designing of
butterfly  structure. To increase the
performance of FFT further an approximate
radix-8 Booth multiplier using approximate
full recoding adder and Kogge-Stone adder is
proposed. By using proposed multiplier
performance of the FFT is increased by 20 %.
When compared with conventional FFT
using normal radix-8 booth multiplier.

Design of an approximate FFT processor
based on approximate complex multipliers

The Fast Fourier Transform (FFT) is an
efficient algorithm to calculate the Discrete
Fourier Transform (DFT), which is often
employed in Digital Signal Processing (DSP)
and communication. In FFT, complex
multiplication and addition units in the
butterfly module consume most of the
hardware resources. Compared to the
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addition operation, multiplication is more
complicated. In this paper, the multiplier in
the complex multiplication unit of the FFT is
approximated.  Four  Radix-4  Booth
multipliers with different approximation
levels are proposed to reduce the hardware
complexity. The pipeline FFT and the parallel
FFT based on the proposed approximate
multipliers are implemented and extensively
evaluated. Compared with the state-of-the-art
FFT designs, the LUTs amount is reduced up
to 20.3% and 29.1% for pipeline and parallel
FFTs, respectively. The power is reduced up
to 69.9% for pipeline FFT, and the delay is
reduced up to 45.7%. Moreover, the PSNR is
reduced by less than 1dB in both pipeline
FFT and parallel FFT. Proved by experiment
results, the overall performance of the
proposed designs is better than FFT designs
using other approximate multipliers.

Energy-quality scalable design space
exploration of approximate FFT hardware
architectures,

This paper presents a comprehensive design
space exploration for boosting energy
efficiency of a fast Fourier transform (FFT)
VLSI  accelerator,
approximate multipliers (AxM) combined
with approximate adder (AxA) circuits. The
FFT hardware herein presented consists of a

exploiting  several

fixed-point sequential architecture using a
radix-2 butterfly with decimation in time. We
explore a set of AxMs — namely Dynamic
Range Unbiased (DRUM), Rounding-based
Approximate (RoBA), leading one Bit-based
Approximate (LoBA), and Truncated
approach — jointly with the LOA, ETA-I,
CopyA, CopyB, Trunc0, Truncl approximate
adders. The approximate arithmetic operators
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are used in the butterfly kernel with
exploration of the approximation levels (for
the and least-significant bits, respectively, for
the AxM and AxA), aiming at discovering the
most energy-efficient configuration under a
design-time QoR constraint. The mean
square error and peak signal-to-noise ratio
metrics define which approximate levels
combining and variations will enable the
FFT to process signals to generate
spectrograms without significant losses. Our
results show that the LoBA multiplier
with =8 together with the LOA, Truncl and
TruncO, at different approximation levels,
provide most energy savings with
controllable quality degradation, presenting a
minimum decrease of 20.2% in power
dissipation degrading  the
spectrogram generation quality.

without

Using efficient adder compressors with a
split-radix butterfly hardware architecture for
low-power IoT smart sensors

Fast Fourier Transform (FFT) is one of the
most common implementations of the
Discrete Fourier Transform (DFT), and it is a
commonly used algorithm to process and
classify data in [oT (Internet of Things) smart
sensors. Butterflies play a central role in FFT
computation since they allow calculation of
complex terms. In this work, we propose a
power-efficient hardware architecture for 16-
bit split-radix DIT (Decimation in Time)
butterflies. Based on the results we show that
the 16-bit split-radix butterfly hardware
architecture is more power-efficient than 16-
bit radix-4 one. Moreover, we are able to
improve the power-efficiency of the split-
radix butterfly by using efficient 5-2 adder
compressors. The results show that our best
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proposed split-radix saves up to 47.28% of
power dissipation by wusing 5-2 adder
compressors, when compared with radix-4
butterfly using the synthesis tool adder.

A powerefficient FFT hardware architecture
exploiting approximate adders,’

This work presents an energy-efficient Fast
Fourier =~ Transform  (FFT)  hardware
architecture exploiting approximate adder
circuits. The FFT hardware architecture
consists of a fixed-point fully sequential
architecture with a radix-2 butterfly with
decimation in time (DIT). In this paper, we
explore a set of approximate adders (LOA,
ETA-I, Copy-A, Copy-B, Trunc0, Truncl) in
the butterfly by varying the approximation
level (K term). The Root-Mean-Square Error
(RMSE) metric shows which approximate
level term allows the FFT processing without
widely signal losses. The results show that
our best-proposed FFT employing TruncO
approximate adder with K =10 saves up to
35% of power dissipation compared to the
FFT with the original radix-2 butterfly using
the synthesis tool operators.

Approximate designs for fast Fourier
transform (FFT) with application to speech
recognition

This paper presents different approximate
designs for computing the FFT. The tradeoff
between accuracy and performance is
achieved by adjusting the word length in each
computational stage. Two algorithms for
word length modification under a specific
error margin are proposed. The first
algorithm targets an approximate FFT for an
area-limited design compared to the
conventional fixed design; the second
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algorithm targets performance so it achieves
a higher operating frequency. Both of the
proposed algorithms show that an efficient
balance between hardware utilization and
performance is possible at stage-level. The
proposed approximate FFT designs are
implemented on FPGA; experimental results
show that hardware utilization using the first
approximate algorithm are reduced by at least
nearly 40%. The second algorithm increases
performance of the designs by over 20%.
Fine granularity design is also investigated,
where the FPGA resources for a 256-point
FFT computation can be further reduced by
nearly 10% compared to a coarse design.
Finally, the proposed approximate designs
are applied to a feature extraction module in
an isolated word recognition system; the
numbers of LUTs and FFs for the Mel
frequency cepstrum coefficients (MFCC)
extraction module are decreased by up to
47.2% and 39.0%, respectively with a power
reduction of up to 27.0% at a loss in accuracy
of less than 2%.

A memory-based FFT processor design with
generalized efficient conflict-free address
schemes

This paper presents the design and
implementation of memory-based fast
Fourier transform (FFT) processors with
generalized efficient, conflict-free address
schemes. We unified the conflict-free address
schemes of three different FFT lengths,
including the single-power points, the
common nonsingle-power points, and the
nonsingle-power points applied with a prime
factor algorithm. Though the three cases
differ in terms of decomposition, they are all
compatible with memory-based architecture
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by the way of the proposed address schemes.
Moreover, the decomposition algorithm
utilizes a method, named high-radix-small-
butterfly (HRSB), to decrease the
computation cycles and eliminate the
complexity of the processing engine. In
addition, an efficient index generator, a
simplified multipath delay commutator
engine, and a unified Winograd Fourier
transform algorithm butterfly core were also
designed. We designed two FFT examples in
long-term evolution system to verify the
availability of the address scheme, including
a 2n (128-2048)-point FFT unit and a 35
different point (12-1296) DFT unit.
Compared with previous works with similar
address schemes, this paper supports more
generalized lengths and achieves more
flexible throughput.

“A  modified signal flow graph and
corresponding conflict-free strategy for
memory-based FFT processor design

In this brief, we propose a novel method
which realizes conflict-free strategy in
memory-based FFT, of which the hardware
complexity is simplified, since only a few
extra registers are needed and the control
logic is identical in all stages. In addition, we
present a modified signal flow graph to fit for
the proposed conflict-free strategy. The
modified signal flow graph derives from the
mixed-radix signal flow graph and has
constant geometry property. Furthermore,
continuous-flow is adopted to increase the
throughput. Thus, the proposed FFT
processor has better performance compared
with the previous memory-based FFT
processors. Simulation result shows that for
the proposed 8 to 2048-point FFT processor,
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the maximum frequency is 400MHz by using
a 65-nm CMOS technology, and the area is
0.45 mm? in the same condition.

1. EXISTING METHOD

The solution is composed of an integrated
FAST Fourier transform (FFT) is a compute-
intensive algorithm in the physical layer of an
orthogonal frequencydivision multiplexing
(OFDM) system to convert data between
time domain and frequency domain. Many
OFDM systems such as 4G LTE/LTE-A [1]
and wireless local area network (WLAN) [2],
[3] require power-of-two FFTs. LTE uplink
precoding requires nonpower-of-two discrete
Fourier transforms (DFTs) from 12 to 2400.
In the upcoming 5G [4] (the fifth generation
mobile communication), FFT is still an
essential algorithm for all of the waveform
candidates, and the FFT computation speed
should be high enough to support the high
data rate of 5G. Therefore, in the future
multimode base station, the FFT processor
should support diverse DFTs and high-speed
FFTs. Many high-speed FFT processors [5]—-
[13] have been proposed for power-of-two
FFTs. However, there are a limited number of
processors  supporting nonpower-of-two
DFTs. Processor in [14] adds an extra radix-
3 unit to support the 1536-point DFT in 4G
LTE. The single-path delay feedback (SDF)
architecture in [15] supports 48 2m3n points
using 6 T-RC processing element and section-
based twiddle factor (TF) generator (STFG).
SDF processor in [16] supports 46 2m3n5k
points using a single-table approximation
method (STAM) for TF generation. However,
the throughput is restricted to 1x clock rate
because of the limitation of the single-path
pipelined architecture. Processors in [17] and
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[18] support 128- to 2048-point FFTs and 12-
to 1296-point DFTs and use the prime factor
algorithm (PFA) to minimize the number of
TF multiplication. However, the data access
of PFA cannot be in parallel for data I/O (read
in input and write out result). The throughput
is thus restricted to 1x clock rate and cannot
meet the high-speed requirement for future
5G. There are still challenges in designing a
low-power high-speed yet flexible processor
for DFTs and FFTs. To design a high-speed
processor supporting DFTs and FFTs, several
aspects should be considered, including: 1)
butterfly unit(s) supporting 2-, 3-, 5-, and
higher radices; 2) TF multiplication scheme
with hardware efficiency, and 3) conflict-free
data access scheme that supports multiple
butterfly units for 2-, 3-, 5-, and higher
radices as well as minimizes the memory
usage for nonpower-oftwo DFTs. In this
paper, the contributions are to propose a
memory-based FFT processor supporting 54
modes including 16-4096 point FFTs and 12-
2400 point DFTs for 4G, WLAN, and future
5G and propose improvements on critical
parts in butterfly unit, TF multiplier, and data
access scheme. By reusing the hardware
resources under timing constraint, we
propose a reconfigurable butterfly unit for
eight radix-2 in parallel, four radix-3/4 in
parallel, two radix-5/8 in parallel, and a
radix-16 in one clock cycle. TF multipliers
using different schemes are optimized to
support both FFTs and DFTs. The proposed
coordinate  rotation  digital computer
(CORDIC) scheme is found to be the most
hardware efficient scheme for this design.
Furthermore, we add bit-reverse operation to
the basic add-based data access scheme and
support multiple butterfly units at any radix.

Vol 26 Issue 05, May 2026

Page 1567 of 1579



ISSN No: 2250-3676

International Journal of Engineering Science and Advanced Technology (IJESAT)

Compared with the state-of-the-art designs,
the proposed processor supports the most
kinds of transform sizes with the highest
normalized throughput per area
(Nor.Thrpt/area) (MS/s/mm?2).

3.1.THE OVERALL ARCHITECTURE
The overall architecture of the FFT consists
of three parts: computation, storage, and
control. To ensure continuous and efficient
data flow throughput the FFT computation
process, a ping-pong buffer architecture is
adopted. This structure comprises two groups
of SRAM blocks, with each group containing
8 SRAM blocks. During data transfer, data
codes are first read into storage unit A
sequentially. The butterfly computation
engine then receives the data to be processed
from storage unit A and begins computation,
after which the results are stored in storage
unit B. Subsequently, data to be processed is
retrieved from storage unit B and fed into the
butterfly computation engine for the second
stage of FIGURE 3. The overall architecture
of FFT. computation. Upon completion, the
results are stored back in storage unit A. This
cycle continues, with data being output
sequentially in the end to obtain the final
results. The memory data bit-width is divided
into two parts: the real part is stored in the
higher-order bits, and the imaginary part in
the lower-order bits. To optimize timing
performance, registers are used at the output
of the SRAM blocks to create a pipeline,
which facilitates better synchronization with
downstream processing units and alleviates
potential timing violations. In this design, the
input/output interface adopts an 8-channel
parallel natural input/output scheme.
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FIGURE 3. The overall architecture of FFT.

3.2.CONFLICT-FREE ACCESS

Conflict-free access technology is a method
designed to minimize memory access
conflicts by optimizing memory access
patterns. In FFT algorithms, frequent data
read/write operations make memory access
conflicts a critical factor affecting hardware
performance. For FFT implementations
under serial input/output modes, this results
in significant input/output latency. This paper
adopts an 8-channel parallel input/output
mechanism. In conventional mode, input
signals are written into storage units in the
natural order of 8 parallel channels. For a
4096-point FFT algorithm, input data is
sequentially arranged as shown in the left of
Fig. 4, with all data represented in octal
format. The first group of data (0000-0007) is
written into RAM0-RAM?7, the second group
(0010-0017) into RAMO- RAM?7, and so on,
with the 64th group (1000-1007) and 128th
group (2000-2007) following the same
pattern. In this mode, input data such as 0000,
1000, 2000, ..., 7000 (octal) are all written
into RAMO. These eight data points are
required by the butterfly multiplication unit
in the first cycle but cannot be read
simultaneously
necessitating registerbased caching. Idle
waiting cycles caused by this method waste

within one cycle,

hardware resources. To maintain peak
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performance  between memory  and
processing units, alleviate data congestion,

and improve overall efficiency, this paper

introduces a commutator structure composed
of multiple multiplexers. This structure
reorganizes the data input pattern based on
the data read sequence, with the reorganized
data storage pattern illustrated on the right
side of Fig. 4
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modifying the data flow, the middle data
storage pattern for each computation stage is
shown in Fig. 6. For processing 4096-point
FFT, a 4-stage radix-8 decomposition is
employed since 4096 is a power of 8. For
2048-point FFT, we utilize a combination of
3-stage radix-8 decomposition and 1-stage
radix-4 decomposition.

Reverse Commutor { FFT ii  Forward Commutor
’_ : {olnput T |
— R il ._.l
g Ind Qutd +, —H
1w In1 out B,
11 i BFB : iy
L] : i S
Ly InB Outé [
e W In? out7_[; :
T | E
r__’-.___;— Group A B ,_‘| ~]
i Ram0~7 +
512X32%8
M _. Group B j :
i1 b B -
E':Tate :: (825150Y : Ram0-7 - S‘T';e :i
il =Bl (SO I9E S12X32%8 o= - :-I —

FIGURE 5. The architecture of commutator set unit.

FIGURE 4. Rearrangement for 4096P input data stream.

The hardware circuit is shown in Fig. 5. The
forward commutator restructures the data
flow through data rotation, distributing
output data across eight SRAM banks to
enable single-cycle memory storage and
reduce data congestion. During subsequent
data read operations, the reverse commutator
reverses the rotation to restore the normal
data flow, uninterrupted
computation in subsequent stages. In the next
computation stage, the reorganized data
allows direct reading of required data from
different RAMs, eliminating idle cycles and
effectively resolving data flow congestion for
seamless read/write operations and efficient
computation.  Additionally,  bit-reversal
permutation is implicitly integrated into the
commutator structure, further enhancing
system performance and efficiency. After

ensuring
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FIGURE 6. Rearrangement for FFT middle data stream.

3.3.MIXED RADIX
MULTIPLICATION

BUTTERFLY
UNITS
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Computational complexity serves as a critical
metric for assessing the performance of FFT
algorithms.  Currently, common FFT
algorithms include radix-2, radix-4, radix-8,
and mixed-radix methods. The arithmetic
operations required by FFT algorithms with
different  radix = decompositions  are
summarized in the table below:

TABLE 1. FFT algorithm complexity
comparison.

ARITHMETIC STAGE COMPLEX MULTIPLICATION CoMPLEX ADDITION

N N
Rao-2  Log, N ELugZN -3 Nlog,N-N
1 N N 3N
Raoix-4 EL%N ?Lung# T Ttﬂgzﬂ -3N
Raoix-8 1L N ?NI N = N-TN
g 032 24 ‘OQB iz 8 3 ;Ggg =

15N 15N 15N
—log, N 15N

|
Rao-16  —Log,N —Log, N ——
M TR

As illustrated in Table 2, the computational
complexity decreases with increasing
decomposition radix. For 2048- point and
4096-point  FFTs, adopting  radix-8
decomposition significantly reduces the
number of computational stages, thereby
lowering the overall computational overhead.
Although radix-16 decomposition can further
reduce the number of stages, it substantially
increases hardware implementation
complexity and data dependencies, leading to
limited gains in actual efficiency. The
structure of the conventional radix-8
decomposition algorithm is depicted in Fig.
7. Building upon this, the butterfly
multiplication unit is further optimized
through the introduction of logical
combination  techniques to  reduce
computational complexity. Specifically, for

2048- point FFT processing, a mixed-radix
computational architecture is proposed:
dynamically switching between radix-4 and
radix-8 computational units across different
stages of the algorithm. A reconfigurable
mixed-radix butterfly computational unit is
designed. The constant coefficient \ 2/2 for
the W1 8, W3 8, W5 8, W7 8 is extracted.
When performing the Radix-4 calculation,
the part of Radix-8 represented by the dotted
line is no longer calculated, as depicted in
Fig. 8.

The circuit structure is as illustrated in Fig. 9.
Initially, approximate multiplication is
employed to obtain the product of the input
and the twiddle factor. Subsequently, a
Wallace tree structure is utilized to perform
accumulation operations on the products.
Finally, a multiplexer is used to choose the
output signal value while simultaneously
reducing the switching activity of the Radix-
8 specific circuit, thereby lowering power
consumption. When the radix-4 operation
mode is selected, the butterfly multiplication
unit, which is a dual-path parallel radix-4
unit, improves the utilization of hardware
resources and reduces the operation time by
half in this stage.

0 Wl Wl wl Wl Wl Wl wo
Wg Wg Wg Wg Wg Wy Wa Wg
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FIGURE 8. The optimized mixed radix-8 and radix-4 decomposition
algorithm.

Disadvantage of Existing system

1.

10.

1.
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Limited throughput due to single-path
architecture.

Poor support for non-power-of-two
DFTs.

Memory access conflicts reduce

performance.
High input/output latency.

Increased hardware complexity and
area.

High power consumption during TF
multiplications.

Limited parallel
capability.

data processing

Idle cycles cause poor hardware
utilization.

Large memory
buffering.

requirement  for

Conventional CORDIC has limited
rotation range.

Separate scaling circuits increase
cost.

www.ijesat.com

12. Timing synchronization issues in
pipelined stages.

13. Reduced flexibility for multimode
FFT applications.

IV. PROPOSED METHOD

To design a reconfigurable CORDIC
architecture with minimum reconfiguration
overhead, we need to maximize the sharing
of common hardware circuit in different
configurations. Therefore, to explore the
possibility of reconfigurable CORDIC, we
examine, here, the commonalities in three
main issues of CORDIC implementation,
namely:

1) the coordinate-rotation matrix;

2) selection of elementary angles; and
3) direction of microrotations.

A. Reference Reconfigurable CORDIC

A basic design for reconfigurable CORDIC
based on unified CORDIC algorithm was
proposed in [12]. The major concern with the
design of conventional reconfigurable
architecture is the incompatibility in RoC of
circular and hyperbolic trajectories. The RoC
of circular CORDIC is [-99°, 99°], while that
of hyperbolic CORDIC is given by [6] <
1.1182 radians. This limits the maximum
angle of rotation of the reconfigurable design
to 64°. The incompatible RoC of circular and
hyperbolic CORDICs makes it difficult to
implement them in the same circuit to
perform rotation through [—180°, 180°].
Another major issue with the conventional
reconfigurable CORDIC is scaling. We need
to have two different scaling circuits for
circular and hyperbolic CORDIC, and select

Vol 26 Issue 05, May 2026
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the output from one of the scaling circuits
depending on the selection of trajectory of
operation.

B. Design Strategy for
Reconfigurable CORDIC

Proposed

As discussed in Section III-A, the circular
and hyperbolic CORDICs require two
different scaling circuits, which is quite
costly. Therefore, it is necessary to use a
scale-free implementation in the
reconfigurable CORDIC. Here, we discuss
the scaling-free CORDIC and its limitations,
followed by the discussions on our design
strategy for a reconfigurable CORDIC.

2) Reconfigurability of Rotation-Mode
CORDIC: In [7] and [10], scaling-free
algorithms for circular and hyperbolic
trajectories are proposed. Moreover, in both
the scaling-free algorithms, third order of
approximation of Taylor series is used to
derive the CORDIC rotation-matrices, as Rci
=1 —2—(2si+1) —(2—si — 2—(3si+3)) 2—si —
2—(3si+3) 1 — 2—(2si+1) (4a) Rhi = 1 +
2—(2si+1) 2—si + 2—(3si+2) 2—si + 2—(3si+2)
1 +2—(2si+1) . (4b) 1The minimum possible
permissible shifts in the CORDIC iteration
have been termed as basic-shift, which is
equal to the number of right shifts in the first
CORDIC iteration.

Vol 26 Issue 05, May 2026

1) Scaling-Free CORDIC Algorithm and Its 8 & [-n,1] [x,¥]
Limitations: The scaling-free CORDIC [2] b rPrE—— ‘
- 8 € [0,m/4] Rcc_cnﬂgmabie ; —

. Pre-Processing CORDIC || FPost-Processing
employs  second-order  Taylor  series Unit whes ik | Unit
approximation, where the rotation matrix is | : f

. . . . . Octant Mapping Signal
given by Ri=1- 2_(21+1) —2-1 2711 - Fig. 1. Proposed reconfigurable rotation-mode CORDIC processor.
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2—(2i+1) . (3) This approximation imposes a
restriction on the basic-shiftl 1=

(b — 2.585/3). For 16-bit applications, the
basic-shift is 1 = 4, which reduces the RoC to
7.16°, which can be extended to 22.5° using
multiple iterations corresponding to the
basic-shift i = 4. This is a major drawback,
which limits the applicability of this
algorithm. Moreover, the algorithms in [2]
and [3] focus only on circular rotation-mode,
which cannot be directly extended to
hyperbolic CORDIC, since the second order
of approximation of Taylor series expansion
of hyperbolic functions results in a very low
RoC (nearly 22.5°). Due to the lack of
symmetry in hyperbolic functions, the RoC
cannot be extended to the entire coordinate
space.

www.ijesat.com

Note that the same set of elementary angles is
used for both circular and hyperbolic
rotation-modes. This is a big advantage to
derive the reconfigurable CORDIC, since no
differentiation is required to identify the
microrotations according to the trajectories.
For circular and hyperbolic trajectories, the
elementary angles are redefined as a1 = 2—si
(5) where si is the number of shifts for the ith
iteration. The RoC for both the trajectories is
compatible and extends to the entire
coordinate space. The design for rotation-
mode CORDIC with slight modification can
be extended to support vectoring-mode as
discussed below.

3) Reconfigurability of Vectoring-Mode
CORDIC: To realize a vectoring-mode
CORDIC, all the microrotations will be
performed in the clockwise direction for both
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the circular and hyperbolic trajectories. The
rotation matrices are given by Rci = 1 —
2—(2si+1) 2-si — 2—(3si+3) —(2-si —
2—(3sit+3)) 1 — 2—(2si+l) (6a) Rhi = 1 +
2—(2si+1) —(2-si + 2—(3si+2)) —(2-si +
2—(3sit+2)) 1 +2—(2si+1) (6b) where si is the
shift-index ith iteration. The sign-bit of the y-
coordinate  over successive iterations
determines the angle of rotation 0. For
vectoring-mode, the maximum angle of
rotation that can be computed lies in the range
[0, m/4]. However, this range can be extended
to the entire coordinate space using octant
wave symmetry of sine and cosine functions
for circular trajectory

4.1.PROPOSED RECONFIGURABLE
CORDIC

As seen in Sections III-B2 and III-B3, the
coordinate calculation matrices for circular
and hyperbolic CORDICs differ by the sign
of operands, and to realize that additions are
to be replaced by subtractions and vice-versa.
This can be easily realized by a
reconfigurable add/subtract circuit. In both
cases, the basic-shift could be either 2 or 3,
but the number of microrotations vary with
the mode of operation. Besides, each case
will have its own circuit to enable the
extension of RoC. Based on these
observations, we design three reconfigurable
CORDIC architectures:

1) rotation-mode reconfigurable CORDIC;

2) vectoring-mode reconfigurable CORDIC;
and

3) generalized reconfigurable CORDIC. A.
Rotation-Mode Reconfigurable CORDIC
The proposed design for reconfigurable

www.ijesat.com

rotation-mode CORDIC (shown in Fig. 1)
consists of three parts:

1) preprocessing unit;
2) reconfigurable CORDIC rotation unit; and
3) postprocessing unit.

The preprocessing unit ensures that the input
rotation angle to the CORDIC processing
structure always lies in the range [0, n/4], as
the maximum rotation angle that can be
handled by microrotation sequence generator
is w/4. The postprocessing unit is required
only for trajectory to
swap/complement the sine/cosine values
depending on the octant of the rotation angle.
The user can control the trajectory of the
reconfigurable CORDIC by changing a 1-bit
signal T . The rotation matrix for
reconfigurable rotation-mode CORDIC is
obtained after unifying the rotation matrices
of circular and hyperbolic case given by (4a)
and (4b), respectively, as Ri = 1 + 2—(2si+1)
+(2—si + 2—(3si+2+T )) 2—si £ 2—(3s1+2+T )
1 + 2—(2si+1) where T = 0 for hyperbolic 1
for circular. (7)

circular

i
Micro-Rotation
Sequence
§
Generator LR £

S
|
aysiHaY
v =

£3

L Reconfigurable
—{  Coordinate
Calculation Unit

@ Enable

r
CLK

Fig. 2. Structure of the proposed reconfigurable recursive CORDIC
architectures.
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)) —(2—si = 2—(3si+2+T )) 1 + 2—(2si+1)
where T = 0, for hyperbolic 1, for circular.

' - 8)
S

Fig. 3.
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ADD \ ADD
¥

RCCU for recursive design.

1) Proposed Recursive Architecture: The
recursive architecture (shown in Fig. 2) uses
a single CORDIC microrotator to perform all
the CORDIC
CORDIC of [7] requires one iteration less
than the hyperbolic CORDIC of [10], but
here we realize the architecture for the same
number of iterations (eight for sbasic =2 and
eleven for sbasic = 3) for both circular and
hyperbolic trajectories. The reconfigurable
coordinate calculation unit (RCCU) is shown
in Fig. 3. 2) Proposed Pipelined Architecture:
Fig. 4 shows the reconfigurable CORDIC
rotation unit for basic-shift 2. The shift-index
si 1s fixed in every RCCU, and hence the
shifters are hardwired and do not involve
high  complexity  barrel-shifters.  The
implementation of RCCUs varies according
to the basic-shift si With  slight
modifications, the pipeline can be extended
for basic-shift 3. B. Reconfigurable
Vectoring-Mode CORDIC The
reconfigurable rotation matrix for vectoring
mode is obtained by unifying (6a) and (6b),
as Ri = 1 + 2—(2si+1) +(2—si = 2—(3si+2+T

iterations. The circular

www.ijesat.com

rollover counter value is 15 for sbasic = 2,

,_f" T*—? ey len By changing the implementation of the
E"t > (24 1] = ’_| RCCU to implement (8), the recursive
J7  pm— Y 'LJ'— architecture of Fig. 2 can be used to realize
b J e -T o / CORDIC iterations for vectoring-mode. The

and 17 for sbasic = 3. The pipelined
architecture of vectoring-mode
reconfigurable CORDIC consists of eight
stages for sbasic = 2, as shown in Fig. 5.
Similar to reconfigurable rotation-mode
CORDIC, for increasing shift-indices, the
implementation of RCCUs is simplified for
reconfigurable vectoring-mode CORDIC as
well. The input coordinates [xin, y in] are first
preprocessed to obtain coordinates [xin, yin]
and octant mapping signals. The coordinates
[xin, yin] are input to the vectoring-mode
CORDIC pipeline to generate an angle 6 € [0,
n/4]. The rotation angle 0 generated by the
vectoring-mode CORDIC pipeline is mapped
to the desired octant using the octant mapping
signals generated by the preprocessing unit.
the RoC supported by the
proposed vectoring-mode reconfigurable
CORDIC is [, @].

Therefore,
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Fig. 4. Reconfigurable rotation-mode CORDIC unit for basic-shift 2.

Fig. 5. Proposed pipeline reconfigurable vectoring-mode CORDIC unit for

Spasic = 2.

C. Proposed Generalized Reconfigurable
CORDIC The generalized reconfigurable
CORDIC can operate either in vectoring-
mode or in rotation-mode for both circular
and hyperbolic trajectories. The user can
select the trajectory of operation using a
single bit signal T (T =1 for circular and T =
0 for hyperbolic). Another single bit signal M
is used to control the mode of operation (M =
0 for rotation-mode and M =1 for vectoring-
mode). The recursive architecture of the
proposed generalized reconfigurable
CORDIC is implemented by combining the
CORDIC microrotators for both rotation-
mode and vectoring-mode CORDICs, as
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iig. 7.

shown in Fig. 6. The throughput of the
proposed recursive generalized
reconfigurable CORDIC is the same as that
of the recursive reconfigurable vectoring-
mode CORDIC. The block diagram for
pipelined generalized reconfigurable
CORDIC using basic-shift sbasic = 2 is
shown in Fig. 7. It can be easily extended to
basic-shift sbasic = 3 as is done for
reconfigurable rotation-mode and vectoring-
mode CORDICs.

Fig. 6.

generalized reconfigurable CORDIC.

RCCU
5= 10)

RCCU
5=9)

7]

=

i

2
D SR RS D

Proposed pipeline generalized reconfigurable CORDIC unit

Or Spgsic = 2.
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Structure of CORDIC microrotator for the proposed recursive

Page 1575 of 1579



International Journal of Engineering Science and Advanced Technology (IJESAT) Vol 26 Issue 05, May 2026

»  The proposed system operates with very low AFAQY I HNeYd ¢
input voltage (as low as 0.35 V), making it suitable
for energy harvesting.

» It achieves higher output voltage (up to
2.45 V) with improved efficiency (~58%).

»  Fully integrated design eliminates the need
for external components, reducing size and
complexity.

»  Requires very small chip area (0.466 mm?),
ideal for biomedical and implantable devices.

»  Works at low clock frequency, resulting in
reduced power consumption.

»  Supports both continuous and pulsed
operation modes, making it versatile for different
applications.
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New results
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VI. CONCLUSION

In this brief, for the first time a systematic
design method for reconfigurable
CORDIC is proposed to let a CORDIC
function in different modes and different
trajectories of operations. The proposed
reconfigurable CORDIC architectures
can be used in a variety of applications,
such as synchronizers, waveform
generators, low-cost scientific
calculators, and so on. Approximately
60% of the area is saved by the proposed

rotation or vectoring-mode

www.ijesat.com

reconfigurable CORDIC designs over the
reference  recursive  reconfigurable
CORDIC, without any effect on the
maximum operating frequency. On the
other hand, the proposed pipelined
rotation and vectoring-mode
reconfigurable CORDIC designs save
30%-50% area compared with the
reference reconfigurable design, with
nearly the same maximum operating
frequency
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