
Accepted Manuscript

Survey and Future Directions of Fault-Tolerant Distributed Computing on
Board Spacecraft

Muhammad Fayyaz, Tanya Vladimirova

PII: S0273-1177(16)30468-9
DOI: http://dx.doi.org/10.1016/j.asr.2016.08.017
Reference: JASR 12870

To appear in: Advances in Space Research

Received Date: 20 December 2015
Revised Date: 19 July 2016
Accepted Date: 12 August 2016

Please cite this article as: Fayyaz, M., Vladimirova, T., Survey and Future Directions of Fault-Tolerant Distributed
Computing on Board Spacecraft, Advances in Space Research (2016), doi: http://dx.doi.org/10.1016/j.asr.
2016.08.017

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

http://dx.doi.org/10.1016/j.asr.2016.08.017
http://dx.doi.org/10.1016/j.asr.2016.08.017
http://dx.doi.org/10.1016/j.asr.2016.08.017


  

 

Survey and Future Directions of  

Fault-Tolerant Distributed Computing on 

Board Spacecraft 
Muhammad Fayyaz and Tanya Vladimirova*   

Department of Engineering, University of Leicester LE1 7RH, United Kingdom, {tv29, mf183}@le.ac.uk
 

ABSTRACT 

Current and future space missions demand highly reliable on-board computing systems, which are 

capable to carry out high-performance data processing. At present no single computing scheme 

could efficiently tackle high-performance computing as well as reliability. This paper aims to address 

that gap. In the first part of the paper, a detailed survey of fault-tolerant distributed computing sys-

tems for space applications is presented. Fault types and performance parameters for assessment of 

a fault-tolerant system are introduced. Redundancy schemes for distributed systems are analysed. A 

review of the state-of-the-art on fault-tolerant distributed systems is presented and limitations of 

current approaches are discussed. In the second part of the paper, a new fault-tolerant distributed 

computing platform with wireless links among the computing nodes is proposed. Novel algorithms, 

enabling important aspects of the architecture, such as time slot priority adaptive fault-tolerant 

channel access and fault-tolerant distributed computing using task migration are introduced.  
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1 INTRODUCTION 

In general, a distributed computing system is any computing system that involves multiple proces-

sors, remotely located from each other, where each processor plays a particular role in the execution 

of a computation or control problem. This type of distributed computing is referred to as physically 

distributed computing. Nowadays physically distributed embedded systems are ubiquitous, having 

penetrated deeply into our society [1]. Main industry sectors using distributed emebbeded compu-

ting are telecommunications, automotive, avionics/aerospace, industrial automation, consumer elec-

tronics, health and medical systems. The overall value of the embedded computing market world-

wide is about 1600 billion Euro per year [2], with distributed systems accounting for a dominant 

share of it. The widespread deployment of distributed embedded systems is due to their advantages, 

namely, high reliability, scalability, suitability for inherently distributed high-performance computing 

applications [3].  In mission critical applications, such as nuclear power stations or spacecraft sys-

tems, for which high reliability is extremely important,  the use of distributed embedded computing 

is a key design consideration. This is mainly because in the event of a single processor failure, the 

collapse of the whole system could be prevented by distributing the computing load to the redun-

dant processors [4] [5].  
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