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Abstract 

This paper presents a novel scheme for the implementation of fault tolerant parallel filters. The proposed scheme exploits the 

linearity of filters to implement an error correction mechanism. In particular, two redundant filters whose inputs are linear 

combinations of the original filter inputs are used to detect and locate the errors. The coding of those linear combinations was 

formulated as a general problem to then show how it can efficiently be implemented. The practical implementation was 

illustrated with two case studies that were evaluated for an FPGA implementation and compared with a previously proposed 

technique.   

Keywords: FPGA Implementation, Fault Tolerant Codes, Digital Filters, Error Correcting Codes 

________________________________________________________________________________________________________ 

I. INTRODUCTION 

Filters are broadly used in dealing out with signal processing and communication systems. The filters so used are digital filters. 

In those systems, assurance to efficient operation of signal is insignificant and that is why needed implementation of fault 

tolerant filters. Over the duration, lots of techniques that make use of the filters structure and properties to achieve fault tolerance 

have been proposed. Enhancing technology make system more complex that include many filters. In those complex systems, it is 

frequent to have number of filters that functions in parallel. In parallel combination of filters there apply the same filter to 

different input signals. In recent times, a simple technique having the existence of parallel filters to accomplish fault tolerance 

has projected. In this brief, that idea is generalized to show that parallel filters can be protected using error correction codes 

(ECCs) in which each filter is the equivalent of a bit in a traditional ECC. This new scheme allows more efficient protection 

when the number of parallel filters is large. 

II. CONVENTIONAL PARALLEL FILTERS 

The protection of digital filters has been widely studied. For example, fault-tolerant implementations based on the use of residue 

number systems or arithmetic codes have been proposed. The use of reduced precision replication or word-level protection has 

been also studied. Another option to perform error correction is to use two different filter implementations in parallel. All those 

techniques focus on the protection of a single filter. The research work in the paper focuses on the implementation of digital 

parallel filter for protection of several filters. 

III. CODING SCHEME FOR FAULT TOLERANT PARALLEL FILTERS 

The proposed scheme is illustrated in Fig 1 for the case of four parallel filters. The input signals are encoded using a matrix with 

arbitrary coefficients to produce the signals that enter the four original and two redundant filters. 
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Fig. 1: Proposed coding scheme in general form. 

To illustrate the use of the proposed scheme, two case studies that consider the protection of four and eight parallel filters are 

presented here. In both cases, a coding matrix that preserves the inputs to the original filters is used. This is illustrated in Fig. 2 

for the case of four parallel filters. In total, the scheme requires only six multiplications. This shows that the error location logic 

can be efficiently implemented. Finally, when an error is detected, it can be corrected by recomputing the affected filter output 

and the remaining original filter outputs. 

 

 
Fig. 2: Practical coding scheme to protect four parallel filters 

The structure is the same as in the first case study and so is the number of redundant filters; as in the proposed scheme, it does 

not depend on the number of filters. This is a clear advantage over the previous ECC scheme in which the number of redundant 

filters grows as the number of filters to protect increases. Following the same procedure for the calculation of the detection 

matrix, the form of the check vector to detect and locate errors is similar to that of the first case study. It can be seen that the 

same matrix structure and correction procedure can be applied to protect any given number of parallel filters. The scheme can 

detect and correct all errors that affect a single filter. This is the same error correction capability as that of the previous ECC 

scheme. 
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IV. SIMULATION RESULTS 

The simulations have been performed on Xilinx ISE 14.1 and VHDL has been used to realize it on hardware i.e. FPGA.  The 

practical implementation was illustrated with two case studies that were evaluated for an FPGA implementation and compared 

with a previously proposed technique.  

 
Fig. 3: Input Values 

 
Fig. 4: Force Selected Signals 
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Fig. 5: Proposed Output Values 

V. CONCLUSION AND FUTURE WORK 

A new method to implement fault-tolerant parallel filters has been presented in this brief. The proposed scheme exploits the 

linearity of filters to implement an error correction mechanism. In particular, two redundant filters whose inputs are linear 

combinations of the original filter inputs are used to detect and locate the errors. The coding of those linear combinations was 

formulated as a general problem to then show how it can efficiently be implemented. The practical implementation was 

illustrated with two case studies that were evaluated for an FPGA implementation and compared with a previously proposed 

technique.  

The results show that the use of a more general coding scheme reduces the protection overhead while providing a similar error 

correction capability to that of the ECC scheme. Future work will consider applying the scheme to parallel filters that have the 

same input signal but different impulse responses. 
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