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Background: 
In renewable and electric power system applications, a three-phase grid-connected voltage-
source pulse-width-modulated (PWM) converter is usually employed to interface between dc 
and ac systems. Today, this kind of converter is the primary component poised to 
revolutionize the future electric power and energy industry, including energy conversion from 
renewable resources and smart power transmission, and electricity distribution. Typical 
converter configurations containing the grid-connected converter (GCC) include: 1) a 
dc/dc/ac converter for solar, battery and fuel cell applications, 2) a dc/ac converter for 
STATCOM applications, and 3) an ac/dc/ac converter for wind power and high-voltage dc 
(HVDC) applications. The proposed project addresses one main challenge: the control of the 
power converter, a critical issue for energy generation from renewable sources and for smart 
grid integration.  

Conventionally, this type of converter is controlled using the standard vector control 
approach. Notwithstanding its merits, recent studies have indicated that this control strategy is 
inherently limited due to its competing nature. Issues reported in the literature include: i) 
difficulty in tuning the proportional-integral (PI) controllers, ii) instability in low-voltage 
applications, iii) fluctuating dc-link voltage, iv) malfunctions, such as unexpected trips, and v) 
difficulty synchronizing for initial connection of the GCC to the grid. Practically, these 
limitations result in low power quality, inefficient power generation and transmission, and a 
possible loss of electricity, all of which cause both electric utility companies and electric 
energy customers to lose money. This reduces system reliability and efficiency and affects 
customers’ motivation to adopt energy generated from renewable resources. 
 
Academic proposal:  
The proposed effort builds upon our previous research on a neural network vector control 
mechanism for a doubly-fed induction generator (DFIG) wind turbine, one of the primary 
wind turbines used in the wind power industry. This mechanism includes a recurrent neural-
network (RNN) controller for a DFIG GCC, and a backpropagation through time algorithm 
for training it. We tested the controller in dynamic, variable, disturbance and power converter 
switching conditions in a simulation environment and using hardware-in-the-loop (HIL) 
equipment. Our results showed that the RNN-based vector control strategy consistently 
performed better than existing vector control technologies in various ways. It produces the 
fastest response time, lowest overshoot, and, in general, the closest to ideal performance; 
additionally, it does not require synchronization, phase-locked loop, or frequency-locked loop 
to initially connect the GCC to the grid, making it a potential solution to overcome many 
current challenges in operating and managing renewables, microgrids and smart grids.  

The guiding goal of the proposed project is to further develop and test our technology, and 
to pave the path to its exploitation and commercialization. The objectives of the project 
include: (a) to prove the concept of GCC neural network control technology that meets the 
needs of electric power systems, (b) to demonstrate a functional prototype power converter 
board that uses neural network control to integrate renewables and smart grids, (c) to evaluate 
and benchmark a commercially valuable neural network control solution against conventional 
technology, and (d) to develop a strategy for commercialization beyond this proposed project. 
We plan to develop a prototype power converter board and test the prototype system in three 
primary GCC application areas: 1) STATCOM, 2) grid-connected photovoltaics, and 3) wind 
power and HVDC. For each application, the RNN vector control technologies will be studied 
and evaluated first through computer simulation, followed by hardware experiments and 
demonstrations using the prototype system.  
 
Academic merits and potential impact:  
In October 2014, our technology won the prestigious First Prize of the European Institute of 
Innovation and Technology (EIT) ICT Labs Idea Challenge on Smart Energy Systems. This is 
the first time that a UK-based team wins the competition. As part of the prize we became part 
of the EIT ICT Labs Network with whom we have entered a Business Development 
Accelerator program.  
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The invention concept associated with the proposal was initially screened by the London 
City Incubator including strengths, weaknesses, opportunities and threats analysis of the 
concept specific to the renewable energy and smart grid markets; the analysis indicated 
promising commercial potential for the technology. In particular, the impact study, which 
worked on estimated levelised costs (pence/kWh) and wind electricity generated in GWh, as 
in Mott MacDonald’s report “Costs of low-carbon generation technologies” commissioned by 
the Committee on Climate Change in 2011, showed that our technology has the potential to 
add 3% efficiency in the process of renewable energy generation. This might seem like a 
small gain, but it potentially translates to £2,490 per GWh increase in revenue in on-shore 
wind energy generation and £5,100 per GWh in off-shore, amounting to a potential savings of 
approximately £70M per year. 

Academically, the paper describing the theoretical bases of our technology was spotlighted 
by the IEEE Computational Intelligence Society as one of the best two publications in 
“learning systems” in 2013, and was cited as one of the major innovations in reinforcement 
learning, at the IEEE World Congress on Computational Intelligence, Beijing July 2014 (Prof. 
D.C. Wunsch, key speaker); two preliminary papers were nominated for the best paper award 
at the IEEE International Joint Conference on Neural Networks, Australia 20102.  
 
Budget and outputs: 
The money of the prize will be used to technology development and transfer activities 
(including the preparation of marketing material, such as teasers, promotional videos, 
webpage, etc.), and in preparing a 2-3 year business plan that would be instrumental in 
commercializing our invention –ending presumably in the formation of a startup. For 
technology enhancement we reckon £7K would be needed (manpower and computing 
equipment); and technology transfer activities £5K. 

The outcomes of the project will serve as demonstrators to attract partners and investors 
for further technology development, testing, and commercialization in industrial pitches and 
brokerage events. In particular, we envisage that at the end of the project we will be in an 
ideal situation to apply for a TSB-Innovate UK Energy Catalyst grant. Other funding 
opportunities include UKRCs (EPSRC, NERC), the SUPERGEN Wind Hub, and the UK 
Energy Research Centre (UKERC). European-wise, we plan to build on this project to put 
forward at least one H2020 proposal –Siemens, whose CEO chaired the panel of the above-
mentioned EIT ICT competition, The Netherlands Organization for Applied Scientific 
Research (TNO), and the National Technical University of Athens have already shown an 
interest. Nationally, we are collaborating with the University of Sheffield, which currently 
holds the largest real-time simulator with HIL capability in Europe and North America.  Of 
course, the path to commercialization could also involve punctual collaboration with SMEs, 
e.g., rectifier/inverter manufacturers, in the form of KTPs.  

Due to IP considerations, we need to be cautious in including publications as outcomes of 
the project –nevertheless, in principle, and given our success in publishing preliminary 
research in high impact factor journals in the area (e.g., IEEE TNN&LS, Neural Computation, 
Neural Networks) these are not excluded. 

Last but not least, the resulting demonstrator could be used in other research projects 
within the SMCSE, used in our UG and PG teaching, principally in the MSc in Renewable 
Energy and Power Systems Management, and the MSc in Data Science, and as marketing 
material in student recruitment, and for attracting patterns and investors. It should be 
emphasized that this is an interdisciplinary proposal, prepared in consultation with staff in the 
Department of Computer Science and the Department of Electrical & Electronic Engineering, 
as well as with the Enterprise Office and the Research Office teams, with whom we are 
already working on our business plan. 

 
 
 


