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Abstract - Design of efficient Fast Fourier Transform 

(FFT) Techniques Was implemented Using riscv open core 

SoC and have written a C code for FFT Radix-2 Algorithm for 

processing ECG in Cardiac Pacemakers and executed the 

same code on open core SoC platform and found its 

performance cycle count and also same code has been 

executed on ARM cortex-M7 analysed its states. The cycle 

count is compared between riscv and ARM Cortex-M7 and 

analysed its performance 
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1. INTRODUCTION 

Currently a days field of digital signal processing is very 

vital of imparting, there is a many growing in FFT algorithms 

which is way in conniving a network[1].In this paper explains 

the implementation and simulation of 8 -point FFT using 

radix- 2 algorithm. Because of radix-2, FFT can get less time 

delay, beat down the area complexity and, also reach cost 

conquered execution with less grow up time[2]. DFT is used to 

transform a time domain signal into its frequency spectrum 

field. DFT is calculating tool that play a very defining role in 

many digital signal processing applications. The main 

consequence of DFT in functional applications is due to a large 

extent on existing of computationally proficient algorithms, 

known as Fast Fourier Transform. (FFT) algorithms, for 

numeration of DFT[10]. There are many solitude FFT 

algorithms consequence a large spectrum of calculated from 

simple difficult calculation arithmetic to set theory and 

computation scheme. FFTs are algorithms for speedy 

computation of discrete Fourier transform of a information 

vector. The FFT is a discrete Fourier transform (DFT) 

algorithm which decline the count of computation requirement 

for N point from O(N 2 ) to O(N log N) all over log is the 

base-2 logarithm[3]. 

Fourier transform is surely one of the most leading signal 

processing algorithms, especially so for biomedical 

applications [10], [11]. The developments of digital signal 

sampling and the appearance of discrete Fourier transform 

(DFT) enable biomedical investigators to examine the 

frequency components of physiological signals and detect 

secrete belongings to identify physical irregularity. Such 

methods have been particularly effective in examining physical 

signals such as the electrocardiogram (ECG) [12]–[14]. A 

practical application of the above-mentioned signal survey can 

be found inside an inculcate cardiac pacemaker, which is a 

device tasked with continuous monitoring of ECG signals to 

detect heart rhythm abnormality [15]. In the event of a slow 

inherent rhythm or lack of normal impulse conduction, the 

pacemaker generates electrical stimulations to pace the heart 

muscle and reserve an adequate heart rate. A pacemaker has to 

operate in a highly power introverted environment and may 

last a very long period (∼7–10 years) on a single battery. 

Therefore, the embedded system inside a cardiac pacemaker 

needs to progression the ECG signal with increase energy 

efficiency to ensure a sufficiently long battery life. 
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Figure 1:ecg signal 

2. RADIX 2,FAST FOURIER TRANSFORM(FFT) 

Radix-2 algorithms are the mostly recycled in FFT 

algorithms. While numeration DFT, we every time calculate N 

point DFT. The calculation of  N can be component as, 

N=r1, r2, r3,……….. rv ---(A) 

 Here r is a prime, 

Now if r1,=r2=r3= …… rv =r 

We can write, N=rv ----(B) 

Here r is denomination as radix (base) FFT algorithm and v 

is shows number of stages in FFT algorithm. 

 Radix indicate base and if it’s rate is ‘2’ then it is said as 

radix-2 FFT algorithm. put the rate of r=2, 

N=2v ------(C) 

If we are calculating  2 point DFT then N=16  

16=2v V=8 

Therefore, designed for 2 point DFT, suitable are 8 stages 

of FFT Algorithm. If we are calculating 2 point DFT then 

N=32  

32=2v 

V=16 

3. RISC-V 

Architecture: 

RISCY is an so as , one issue core with 4 pipeline stage 

and it's an IPC on the brink of 1, full maintenance for the 

bottom (integer instruction set)RV32I, (compress 

instructions )RV32C and (multiplication instruction set 

extension)RV32M. It can be arranged to have single-

precision floating point instruction set extension (RV32F). It 

implement several instruction set architecture(ISA) 

extensions such as: hardware loops, post incrementing load 

and store instructions, bit-manipulation instructions, MAC 

operations, support fixed-point operations, packed SIMD 

instructions and the dot product. It has been intended to 

extend the energy efficiency of in ultra low power signal 

handling applications. 

 

Figure 2: risc v architecture 

Zero riscy is an in order, single issue core with 2 pipeline 

stages and it has full assistance for the base integer 

instruction set (RV32I) and compress instructions (RV32C). 

It are time and again have multiplication instruction set 

extension (RV32M) and cheap number of registers extension 

(RV32E). 

4. METHODOLOGY 

RISCV is a open core typical (ISA) based on originated 

reduced instruction set computer (RISC) rules. Unlike most 

other instruction set architecture(ISA) schemes, the RISC-V  

instruction set architecture(ISA) is delivered under open source 

licenses that do not need fees to use. A number of 

organizations are grant or have declare RISC-V 

HW(hardware), open source operating systems with RISC-V 

support have and the instruction set is supported in several 

standard software toolchains. 

Detecting and categorizing irregularity in the ECG are key 

to recognize various types of irregular heartbeats known as 

Arrhythmia. The process of cataloging requires certain spectral 

features to be taken from the ECG [16], [17]. The process of 

FFT-based feature extraction and cataloging continual 

throughout the operating life cycle of the pacemaker, 

consuming a importance portion of the available energy. The 

power is less in the FFT algorithm is highly preferred. 
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In Fast Fourier transform algorithms, a butterfly configuration 

is a part of a calculation that jointly the Outcome of 

compressed discrete Fourier transforms (DFTs) during a 

massive DFT, or contrarily (demolition a massive DFT above 

during sub transforms). The title "butterfly" move nearer from 

a assembly of the data-flow resemblance in radix-2 case, as 

detailed beneath[5]. The before time event in punch of the 

period is clue to be in a 1969 MIT technical report. The similar 

type formation may as well be create in the Viterbi algorithm, 

utilized for locating the very likewise series of mystic states 

[6][7]. Twiddle factor mostly mentioned to the root of unity 

difficult multiplier repeated in butterfly stimulus of cooley-

Tukey FFT Algorithm. Twiddle factor can as well be practical 

for every details free multiplier repeated in FFT[8]. 

 

Figure 3: FFT flow chart 

Flow diagram 

 

Figure 4: FFT flow diagram 

4.1. Twiddle factor  

 

Figure 5:Twidle factor values 

Twiddle factors are a set of values that is used to 

speed up DFT and IDFT computations which is represented 

with the letter W. 

For a discrete sequence x(n), we can compute its 

Discrete Fourier Transform and Inverse Discrete Fourier 

Transform using the following formulas. 

DFT    x(k) =      -----------(1) 

IDFT  x(n) =     -----------(2) 

4.2 GNU Toolchain 

One of the starting steps in the reorder virtual 

platform is setting up the GNU Tool chain for building the 

real-time kernel and its application. The Tool chain used in 

the embedded systems is known as cross-platform Tool chain 

This process of accumulating on a host to get code for the 

target system is called cross assembling and the compiler used 

http://www.ijsrem.com/
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for the purpose is called a cross-compiler [4]. The compiler 

requires lot of assistance libraries and binaries which are 

collective called cross-platform toolchain. The GNU 

Toolchain consists of elements like binutils, GNU Cross 

Compiler Collection (GCC), GDB, newlib. Toolchain binaries 

for certain stage already available in the form of binaries. 

Since it is not possible to add the new functionality in the 

binaries, so the Tool chain is made for ARM processor and a 

virtual timer patch is added to the GDB. 

These are the following steps for building Tool chain as 

follows:  

1. Target should be decided first  

2. Version of binutils, GCC, GDB, Newlib should be decided  

3. Suitable patches are to be downloaded and installed (if 

necessary) 

 4. Compile and build binutils  

5. Compile and build minimal GCC  

6. Compile and build Newlib 

 7. Compile and build GDB 

4.3 Selecting the core 

 

Figure 6:selecting the core 

we have written C code for 8-point FFT using radix- 

2 algorithm and have compiled using ARM cortex-M7 and  

RISC V GNU toolchain in open core SoC platform And also 

compared its performance cycle count. 

5. SIMULATION RESULTS 

5.1 Output in UART file 

 

Figure 7:UART output 

5.2 Transcript window 

 

Figure 8: Transcript window 

 

Figure 9: cortex m7 output 

 

Figure 10: cycle count 

Comparison between RISCV and ARM Cortex-M7 

Table 1:performance analysis 

Sl

.n

o 

Performance analysis 

CORE RISCV ARM 

1.               Cycle count 
55139 88646 

6. conclusion 

The designing of an efficient FFT radix 2 algorithm 

using RISCV core for processing ECG in cardiac 

pacemakers and executed the code on open core soc platform 

and the same has be executed on ARM cortex M7 and 
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compared its performance cycle count and concluded that  

RISCV is more efficient than ARM.  
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