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ABSTRACT 

In the present Digital Communication systems, it is highly possible that the data or message get corrupted during 

transmission and reception through a noisy channel medium which leads to the injection of random bits into the original 

message and corrupt the original message. For some applications, an option is to use Algorithmic-Based Fault Tolerance 

(ABFT) techniques that try to exploit the algorithmic properties to detect and correct errors. One example is Fast Fourier 

transforms (FFTs) that is used in spectral analysis in the communication for Time to Frequency transform in the receiver 

side. There are several protection schemes to detect and correct errors in FFTs. The Parseval or sum of square check is the 

most widely known. It is most common to find several blocks operating in parallel in the modern communication systems. 

Recently, a new technique called Fault tolerant parallel filters has been proposed. In this work same technique is first 

applied to protect Cordic based FFT and then the protection schemes that combine the use of Error Correction Codes and 

Parseval checks are proposed and the area reduction of 12% was observed.  The Power, area and delay is analyzed in 

Cadence using 180 nm Technology for 8-pointprotected FFT with input 32 bit length. Simulation and Compilation report 

for FFT using ECC, SOS and ECC-SOS are obtained in Modelsim-Altera 6.4a and Quartus II 9.0. 

 

Keywords: error correction codes, fast Fourier transform, sum of square. 

 

1. INTRODUCTION 

Orthogonal frequency division multiplexing 

(OFDM) has become a key modulation technique for the 

broadband wireless and wire line applications adopted for 

digital audio broadcasting (DAB) and digital terrestrial 

television broadcasting (DVB) recently. The OFDM is a 

special case of Multicarrier transmission, where a single 

data stream is transmitted over number of lower rate 

Subcarrier. The important reason for the use OFDM is to 

increase the robustness against the selective fading and 

narrowband interference. The proposed work is a brief 

overview of FFT using ECC and SOS that is effectively 

used in OFDM system. 

A very large number of FFT algorithms have 

been developed over the years for the efficient 

computation of the DFT. The Cooley-Tukey algorithm 

reduced the complexity of a DFT from O(� ) to 

O(NlogN), at the time was a tremendous improvement in 

efficiency. The Cooley-Tukey algorithm was a Radix-2 

algorithm. The few radix algorithms emerged were the 

Radix-3, Radix-4, and the Mixed Radix algorithm. Further 

research developed to the Fast Hartley Transform and the 

Split Radix algorithm. The Quick Fourier Transform and 

the Decimation-in-Time-Frequency are the two new recent 

algorithms.  

CORDIC (Coordinate Rotation Digital 

Computer) is a “shift-add” logic algorithm that is simple 

and efficient method to calculate the logarithmic, 

trigonometric, hyperbolic and linear functions. If CORDIC 

techniques are applied for FFT computations, this has the 

advantage of special properties of FFT operations for more 

efficient design results. In the proposed work for the 

twiddle factor multiplication in FFT, CORDIC is used and 

is shown in Figure-1. 

 

 
 

Figure-1. Architecture of FFT using CORDIC. 

 

FFT can be implemented by using many 

techniques. One of the modern and new techniques is 

called FPGA approach. FPGA is more widely called as a 

type of programmable device. Due to the complexity of 

the processing algorithm of FFT, recently different FFT 

algorithms have been proposed to reduce hardware 

complexity and to meet real-time processing requirements 

over the last decades. This is in two directions, One is 

based on algorithm and the other based on ASIC 

architecture. 



                               VOL. 11, NO. 5, MARCH 2016                                                                                                                 ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 

©2006-2016 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                                      3535 

One of the challenging issues is the hardware 

implementation of FFT where the DSPs and the field 

programmable gate array (FPGA) chips are major two 

designing environments for implementing FFT 

approaches. Recently, the FPGA technology is used for 

digital signal processing applications because of fast 

development in very large scale integration (VLSI) 

technology. The Verilog Hardware Description Language 

(HDL) provided a modeling and simulation environment 

for digital circuits and systems on FPGA. Implementing of 

different FFT algorithms and applications has received 

much attention. 

In order to achieve high-speed computation in the 

VLSI technology, large collections of processing elements 

that cooperate with each other have become economically 

feasible. Because of any functional error in a high-

performance system the operation of the system and its 

data integrity may get affected. Soft errors [1] can affect 

the system operation by changing the logical value of a 

circuit, creating a temporary error. In order to make sure 

that the results of long computations are valid, some level 

of fault tolerance must be incorporated. 

The importance of radiation-induced soft errors 

also increases as technology scales. To ensure that soft 

errors do not affect the operation of a given circuit, variety 

of techniques can be used [1]. To detect and correct errors 

it is possible to add redundancy at the system level. The 

use of triple modular redundancy (TMR) is one example in 

which three systems perform a process and by a majority-

voting system result is processed to detect and correct 

errors.  

 The method to protect FFT is described here. 

This method combines the use of error correction codes 

and parseval checks. The protection of parallel FFTs is 

studied in this brief. This is a common assumption when 

considering the protection against radiation-induced soft 

errors. There are three main contributions in this brief. 

 

a) The evaluation of the ECC technique for the 

protection of parallel FFTs. 

b) The use of Parseval or sum of squares (SOSs) checks 

combined with a parity FFT. 

c) The new technique on which the ECC is used on the 

SOS checks instead of on the FFTs. 

 The proposed technique to protect FFT is more 

area efficient when compared to other protection 
techniques. The rest of this paper is organized as follows. 

Section 2 presents literature survey where the previous 

works of FFT and its limitations are described. Section 3 

presents the proposed technique of the work carried out for 

the protection of FFT. Section 4 presents the simulation 

results and discussion of the proposed technique.  Section 5 

and 6 gives the conclusion for the work carried out and the 

future work. 

2. LITERATURE SURVEY 

Fast Fourier transform (FFT) plays major role for 

obtaining large discrete Fourier transform (DFT) hence 

also increases the computing efficiency. FFT networks are 

attractive because of their optimal performance and 

throughput. Jou and Abraham   has recently proposed 

ABFT scheme for a fault-tolerant FFT networks [6]. The 

disadvantage of their scheme is that different encoding 

schemes are required for one-dimensional and two 

dimensional FFT's. This strategy can reduce the overhead 

required to protect a circuit.  Due to round-off errors, fault 

coverage or throughput for this scheme may not be very 

satisfactory. An encoding scheme was suggested to 

achieves higher fault converge. Another weaker fault 

model scheme was given in [19]. Based on recomputation 

through an alternate path Choi and Malek proposed a fault 

tolerance scheme for FFT. This scheme requires a time 

overhead of 100% and hence greatly reduces the system 

throughput. Also, that scheme is suitable for the FFT only. 

The signal-processing circuits become more complex, and 

so it is common to find FFTs or several filters operating in 

parallel. This occurs mostly in multiple-input multiple-

output (MIMO) communication systems or in filter banks 

applications [16]. Recently, in the field of wireless and 

wired communication systems OFDM has grown 

dramatically .One of the most important computations in 

engineering applications is DFT and it is also a key 

component in OFDM communication systems. In the 

OFDM systems, Fast Fourier Transform is used for multi-

carrier modulation, which can reduce the OFDM system 

complexity greatly. If the rate of data transmission of 

OFDM systems increases, generating OFDM symbols 

with high data rate may requires high-speed FFT 

processor. Moreover, the FFT processor with low area and 

power consumption is needed by the feature of OFDM 

systems. In particular; MIMO orthogonal frequency 

division modulation (MIMO-OFDM) systems use parallel 

IFFTs/FFTs for modulation/demodulation [17]. MIMO-

OFDM is implemented on long-term evolution mobile 

systems [14] and also on WiMax [2]. An Area-Efficient 

FFT Architecture for OFDM Digital Video Broadcasting 

is decribed [20] where the hardware cost of complex 

multipliers and adders can be greatly reduced and the 

twiddle multiplications are performed by CORDIC-based 

twiddle multipliers. The design for soft error mitigation is 

described in[9] the main issue with soft errors mitigation 

techniques is that they require a large overhead in terms of 

circuit implementation. In order to detect and correct 

errors  and to make the system as fault tolerant the error 

correcting codes and error detecting codes are 

necessary[4]. 

Recently, a general scheme has been proposed 

based on the use of error correction codes (ECCs) [3] be 

used for operations, where the output of the sum of some 

inputs is the sum of the individual outputs. This is true for 

any linear operation as, for example, the discrete Fourier 

transforms (DFT). For twiddle factor multiplications 

CORDIC algorithms are used.  
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3. PROTECTION SCHEMES 

One of the most important computations in digital 

signal processing is the fast Fourier transform. It is used to 

compute the convolution of two signals, in spectral 

estimation, and numerous various applications. The 

discrete Fourier transform is given by  

 

Y(k)= ∑ ��−�= ��,     (1) 

 

k=0, 1,…N-1, where �=�− 2��  is the Nth root of unity 

and is called the twiddle factor. The FFT units are 

designed as to be connected as peripheral devices to a 

general purpose computer. An N-point FFT can be 

implemented in hardware by log (N) stages of N/2 two-

point butterfly modules. A butterfly module implements 

the following computation:  c = a +b* � , d =a - b * �. 

 

 
 

Figure-2. Implementation of SOS check. 

 

For digital sequences, Parseval's theorem can be 

expressed as N∑�−= � = ∑�−= �  where X(j) are 

the samples of signal in time domain and Y(j) are the 

samples of the signal in the frequency domain. This 

relation makes an easy way to check whether the 

computed FFT is correct.  To find if an error has occurred 

in the computation first  compute the sum of the squares of 

the input sequences,  then multiply the result by a constant 

N, and  then compare that to the sum of squares of the 

output of the FFT. This is called as the sum-of-squares 

(SOS) check. Sum-of-squares (SOS) is defined as the sum 

of the squares of its real and the imaginary parts. The 

implementation of SOS check is shown in Figure-2. The 

various protection schemes such as the use of ECCs, SOS 

check and the combination of ECC and SOS check are 

described here for FFT. 

 

3.1 FFT protection using ECC 

The protection scheme based on the use of ECCs 

[3] that was presented in for digital filters. This scheme is 

shown in Figure-3. A simple single error correction 

Hamming code [4] is used in this example. The original 

system with four FFT modules and three redundant 

modules is added to detect and correct errors. The inputs 

are linear combinations of the inputs to the three redundant 

modules and they are used to check linear combinations of 

the outputs. For example, the input to the first redundant 

module is 

 

= + +         (2) 

 

Its output z 5 can be used tocheck that 

 � =� +� +�         (3) 

 

since the DFT is a linear operation. This will be called as �  check. The same can be applied to the other two 

redundant modules that will provide checks �  and �  

.According to the differences observed on each of the 

checks, the moduleon which the error has occurred can be 

determined. The different patterns and the corresponding 

errors are given in Table 1.If the module in error is known, 

the error can be corrected by reconstructing its output 

using the remaining modules. For example, if an error 

affecting �  , this can be done as follows: 

 � �[n]=� [n]-� [n]-� [n]       (4) 

 

Table-1. Error location in the hamming code. 
 � � �  Error bit position 

000 No error 

111 �  

110 �  

101 �  

011 �  

100 �  

010 �  

001 �  

 

Similarly on the other modules correction 

equations can be used to correct errors. To correct errors 

on multiple modules if that is needed in a given 

application more advanced ECCs can be used.  The 

overhead of this technique, as discussed in, is lower than 

TMR the number of redundant FFTs is related to the 

logarithm of the number of original FFTs. For example, 

three redundant FFTs are needed to protect four FFTs, but 

to protect eleven, the number of redundant FFTs in only 

four. This shows how the overhead decreases based on the 

number of FFTs. 
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Figure-3. Parallel FFT protection using ECCs. 

 

 

3.2 FFT protection using parity SOS 

It has been mentioned that many techniques have 

been proposed over the years, to protect the FFT. One of 

them is the Sum of Squares (SOSs) check that can be used 

for detecting errors. The SOS check is based on the 

Parseval theorem; it states that the SOSs of the inputs to 

the FFT are equal to the SOSs of the outputs of the FFT 

except for a scaling factor. This relationship can be used to 

detect errors with low overhead as one multiplication is 

needed for each input or output sample (two 

multiplications and adders for SOS per sample). 

 

 
 

Figure-4. Parity-SOS Fault-tolerant parallel FFTs. 

 

The SOS check can be combined with the ECC 

approach to reduce the protection overhead for parallel 

FFTs. Since the SOS check can only detect errors, the 

ECC should be able to implement the correction. This can 

be done by using the equivalent of a simple parity bit for 

all the FFTs. In addition, to detect errors the SOS check is 

used on each FFT. When an error is detected, the output of 

the parity FFT is used to correct the error. This is 

explained with an example. In Figure-4, the scheme is 

explained for the case of four parallel FFTs. A redundant 

(the parity) FFT is added which has the sum of the inputs 

to the original FFTs as input. The SOS check is also added 

to each original FFT. If an error is detected (using P1, P2, 

P3, P4), the correction can be done by recomputing the 

FFT in error using the output of the parity FFT(X) and the 

rest of the FFT outputs. For example, if an error occurs in 

the first FFT, P1 will be set and the error is corrected by 

doing 

 � =   X- - -        (5) 

 

This combination of parity FFT and the SOS 

check can reduce the number of additional FFTs to one 

and also it reduces the protection overhead. In the 

following, this scheme is referred toas parity-SOS  

 

3.3 FFT protection using parity-SOS-ECC 

Another possibility to combine the SOS check 

and the ECC approach is use an ECC for the SOS checks 

instead of using an SOS check per FFT is shown in 

Figure-5. Then as in the parity-SOS scheme, an additional 

parity FFT can be used to correct the errors. The main 

advantage over the first parity-SOS scheme is to reduce 

the number of SOS checks needed. The error location 

process is the same as for the ECC scheme and correction 

is as in the parity-SOS scheme. In the following, this 

scheme will be called as parity-SOS ECC. 

 
 

Figure-5. Parity-SOS-ECC fault-tolerant parallel FFTs.
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In all the techniques discussed, soft errors can 

also affect the elements added for protection. For the ECC 

technique, the protection of these elements was discussed 

in [16]. In the case of the redundant or parity FFTs, an 

error will have no effect as it will not propagate to the data 

outputs and will not trigger a correction. In the case of 

SOS checks, an error will trigger a correction when 

actually there is no error on the FFT. This will cause an 

unnecessary correction but will also produce the correct 

result. Finally, errors on the detection and correction 

blocks can propagate errors to the outputs. In our 

implementations, those blocks are protected with TMR. 

The triplication of these blocks has a small impact on 

circuit complexity as they are much simpler than the FFT 

computations. 

 

4. RESULTS AND DISCUSSIONS 

Simulation for the proposed technique has been 

performed by using the Modelsim6.4a and Quartus II 9.0. 

Area and RTL view can be analyzed for this technique. 

The Figure-6 shows the final output waveform here noisy 

input is compared with the standard reference signal to get 

accurate signal. Thus from the waveform it is observed 

that the fault tolerant FFT is obtained. From Analog, the 

signals are converted to Digital value hence the low cost in 

chip implementation, accuracy of signal can be 

maintained.   

The 8-point FFT with the input bit length 32 is 

used here and the ECC-SOS technique is applied to protect 

FFT. Power, area, delay for  8 point FFT  protected using 

proposed technique  are analyzed in Cadence 180 nm 

technology is shown in Table-2. The compilation report 

and the RTL view for the CORDIC FFT using ECC-SOS 

check is shown in Figure-5 and Figure-6. This technique 

on which the ECC is used on the SOS checks instead of on 

the FFTs. 

The main benefit over the first parity- SOS 

scheme is to reduce the number of SOS checks needed. 

The error location process is the same as for the ECC 

scheme and correction is as in the parity-SOS scheme and 

hence fault tolerant output can be obtained. The area for 

the three protection techniques are obtained that is shown 

in Table-3. When comparing these protection techniques 

the area obtained for ECC-SOS scheme has less area. Thus 

Fault tolerant parallel FFT using ECC and parseval checks 

consumes very less area compared to ECC and SOS check

 
 

Figure-6. Output snapshot for CORDIC based 8-point FFT using ECC-SOS. 

 

Table-2. Cadence - report for protected 8-point FFT using CORDIC. 
 

Total number 

of gates 

Leakage 

power (nw) 

Dynamic 

power (nw) 
Total power 

(nw) 
Delay (ps) Area 

270 9340.591 212294.672 228635.263 1000 2259 
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Figure-7. Compilation report for CORDIC based 8-point 

FFT using ECC-SOS. 

 

 
 

Figure-8. RTL view of CORDIC based 8-point FFT 

using ECC-SOS. 

 

Table-3. Comparison of ECC, SOS and SOS-ECC for CORDIC based 8-point FFT. 
 

Parameters ECC protected 
Parity-SOS 

protected 

Parity-SOS –ECC 

protected 

Total logic elements 81 73 69 

Power consumption 65.78mw 65.78mw 65.78mw 

Number of slices 48 out of 960 (5%) 47 out of 960 (4%) 43 out of 960 (4%) 

Number of 4 input 

LUTs 
90 out of 1920 (4%) 82 out of 1920 (4%) 79 out of 1920 (4%) 

Number of bonded 

IOBs 
97 out of 66 (146%) 97 out of 66 (146%) 92 out of 66 (139%) 

 

5. CONCLUSIONS 

Detecting and correcting errors such as critical 

reliability are difficult in signal processing which increases 

the use of fault tolerant implementation. In modern signal 

processing circuits, it is common to find several filters 

operating in parallel. Proposed is an area efficient 

technique to detect and correct single errors. This brief has 

presented a new scheme to protect parallel FFT using 

cordic that is commonly found in modern signal 

processing circuits. The approach is based on applying 

SOS-ECC check to the parallel FFT outputs to detect and 

correct errors. The SOS checks are used to detect and 

locate the errors and a simple parity FFT is used for 

correction. The 8 point FFT with the input bit length 32 is 

protected using the proposed technique.  The power result 

for protected 8 point FFT using Cordic is shown in 

Cadence 180 nm technology. The detection and location of 

the errors can be done using an SOS check per FFT or 

alternatively using a set of SOS checks that form an ECC. 

This technique can detect and correct only single bit error 

and it reduces area results in high speed compared to 

existing techniques. 

 

6. FUTURE WORK 

In Future, utilization of DCT instead of FFT will 

be carried out. Since SOS-ECC technique can detect and 

correct only single bit fault, this will be extended to multi 

bit faults by using the trellis code and hence area will be 

further reduced. 
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