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Partner University University of Portsmouth 
 

Faculty/School/Department/Research 
Centres 

School of Energy and Electronic Engineering  

Supervisory Team: please provide details of first, second, and where relevant, third supervisors for 
this project, and any external supervisors/advisors, where applicable 
First supervisor Professor Victor Becerra 

http://www.port.ac.uk/school-of-
engineering/staff/professor-victor-m-becerra.html 

Second supervisor Dr Nils Bausch 
http://www.port.ac.uk/school-of-engineering/staff/dr-nils-
bausch.html 

Third supervisor 
 

Dr Jovana Radulovic 
http://www.port.ac.uk/school-of-engineering/staff/dr-
jovana-radulovic.html 

External/industrial supervisor  
Contact details for project (for 
informal applicant queries) 

victor.becerra@port.ac.uk 

DTA Programme(s): please tick which DTA programme(s) this project relates to: 
DTA Energy 

Project title Fault tolerant control for increased safety and security of 
nuclear power plants 
 

Project description: please provide a brief description, using the headings given below, of 
the project (max. 450 words) which will used as part of the advertising material and will be 
placed in the public domain. Please also indicate whether there are any 
confidentiality/sensitivity/IP issues of the research which should not be made publicly 
available.  

I. Scientific excellence 
In safety-critical systems, such as nuclear power plants, the demand for reliability, safety and fault 
tolerance is high. Fault tolerant control approaches allow control systems to operate under fault 
conditions with minimal degradation of performance and stability, preventing localised, random, or 
intentional faults from developing into catastrophic system failures leading to accidents that may have 
severe consequences to human life, equipment, infrastructure, or the environment. Fault tolerance helps 
to reduce the damaging effects that faults can have while remedial action is taken to repair or eliminate 
the fault. 
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II. Clear aim and hypothesis 
The main research aim of this project is to develop and test a hierarchical integrated fault-tolerant 
control architecture for nuclear power plants.  
 
The main research hypothesis to be tested is that the fault tolerance of a nuclear power plant can be 
improved in a measurable manner through the use of a hierarchical fault-tolerant control architecture. 
 

III. Methodology and innovations 
The proposed work will develop a hierarchical fault-tolerant control scheme for nuclear power plants 
which will be defined over three levels: execution, coordination and management levels. The execution 
level, which implements the control actions generated by the higher levels through actuators, senses 
relevant plant variables, and passes this information to the higher levels. The middle level acts as a 
coordinator between the plant manager level and the execution level. The top level manages plant 
performance monitoring, plant condition evaluation, and passes commands to the coordination level. 
In addition, the management level transmits operational data to and receives instructions from a central 
command, control, and communication system which interfaces with human operators. 
 
The project will also involve the development of a nuclear plant simulator which will be used to test in 
real-time the hierarchical fault tolerant control scheme to be developed and implemented. The real-
time tests will permit to assess the developments in a computational environment that is close to what 
would be encountered on a real plant, hence ensuring that the control methods to be developed are 
as realistic as possible. 
 

IV. Strategic relevance 
This work will open new areas of research in the application of fault tolerant control in nuclear power 
plants which will ultimately benefit industry. The work to be done will not only be beneficial to nuclear 
plant design and operations, but it will be transferable to other safety-critical systems, such as aircraft, 
and chemical process plants. Nuclear power has an important role to play in reducing greenhouse gas 
emissions. The work fits  well within the University research themes “Future and Emergent 
Technologies” and “Sustainability and the Environment”, and “Risk and Security”. 
 

V. Interdisciplinarity and fit with relevant DTA programme 
The planned research crosses boundaries between control systems, artificial intelligence and nuclear 
engineering and fits well within the DTA Energy programme.  
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Lay summary (max 200 words) to be used for reference as part of the selection process 
where non-specialists are involved 
In safety-critical systems, such as nuclear power plants, the demand for reliability, safety and fault 
tolerance is high. Faults compromise plant safety, cause inefficiencies in the operation of industrial 
processes and reduce component life. In such safety-critical systems, it is useful to design control 
systems which are capable of tolerating potential faults to improve the reliability and availability while 
providing a desirable performance. A control system which can automatically tolerate component 
malfunctions, while maintaining desirable performance and stability properties is said to be a fault-
tolerant control system 
 
Fault tolerant control approaches allow control systems to operate under fault conditions with minimal 
degradation of performance and stability, preventing localised, random, or intentional faults from 
developing into catastrophic system failures leading to accidents that may have severe consequences 
to human life, equipment, infrastructure, or the environment. Fault tolerance helps to reduce the 
damaging effects that faults can have while remedial action is taken to repair or eliminate the fault. 
 
This project will study the application of fault tolerant control approaches in nuclear power plants. 
 
Industrial/Employer placement opportunity please include details, where known, of any 
external placement opportunities or collaborations available to the student as part of the 
project 
There may be opportunities for a placement with the following company: 
 

1. STS Nuclear, https://www.sts-nuclear.com/ 
Mumby Road, Gosport, Hampshire, PO12 1AF 
Tel: +44 (0) 2392 424320 
Email: enquiries.nuclear@sts-nuclear.com 
 

2. National Nuclear Laboratory, http://www.nnl.co.uk/ 
Email: customers@nnl.co.uk 
 
 

International placement opportunity please include details, where known, of any potential 
international placement opportunities or collaborations available to the student as part of 
the project 
There may be opportunities for international collaboration with one international research centre: 
Bhaba Atomic Research Centre, Mumbai, India 
 

mailto:enquiries.nuclear@sts-nuclear.com
http://www.nnl.co.uk/
mailto:customers@nnl.co.uk
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Scientific, economic and societal impact of the project 
The outcomes of the project will be of particular relevance to the nuclear energy industry.  Some of 
the methods and models to be developed could also be of use to the atomic energy and 
environmental authorities as benchmarks of achievable control system performance following 
component faults in a nuclear power plant, so that they can compare with the performance of existing 
control approaches and decide how the adoption of the fault-tolerant control approaches to be 
developed in this project may benefit plant safety, reliability and availability. 
 
In addition, we expect the fault tolerant control, automatic sensor calibration, and fault detection and 
diagnosis techniques to be developed as part of this project to be of interest in other safety-critical 
areas outside the nuclear industry, including for example aircraft control systems, autonomous 
vehicles, and chemical processes.  
 
These control methods for processes subject to faults are expected to significantly improve the 
operation and performance of plants, increase plant safety and reliability, and minimize the negative 
economic impact of failures on overall plant operation.  
 

Additional admissions requirements: please state if there are any specific admissions 
requirements for this project i.e. subject specific degree qualifications or disciplines, relevant 
skills, experience etc 
Relevant first-degree disciplines include:  control systems, nuclear engineering, electrical engineering, 
mathematics and physics. An MSc in a relevant subject is highly desirable. Previous experience with 
Matlab/Simulink or other dynamic simulation environments is highly desirable. Programming 
experience, particularly in Matlab or C++, is essential. 
 
IELTS 6.5 with no component score below 6.0 or an equivalent English language qualification. 
 

 

 


