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Preface 

Smart grid, as an emerging power technology, will gradually replace traditional grids 
and become the development direction of future power systems. With the introduc-
tion of diverse renewable energy sources, battery energy storage systems, and other 
new distributed energy resources, the power supply side of smart grids exhibits char-
acteristics such as diversity, intermittency, and randomness. At the same time, with 
the emergence of new electric units like electric vehicles, the power consumption 
side of smart grids displays characteristics such as diversity, randomness, and flex-
ibility. In order to establish friendly and flexible connections among various types 
of distributed power sources, battery energy storage systems, and new electric units 
with different attributes, it is necessary to achieve fast and precise energy conver-
sion and control through energy conversion equipment. Power electronic conversion 
technology, based on power semiconductor devices, circuit topologies, and control 
theories, is the key and foundation for realizing the aforementioned functionalities. 
In this context, it is crucial to explore the latest advancements and trends in the field 
of control technology for power electronics in smart grid applications, in order to 
better understand how these technologies can be optimized to achieve maximum 
efficiency and performance. 

On the other hand, load frequency control, as an important means to achieve 
dynamic balance between power generation and consumption in electrical systems, 
holds significant importance in maintaining system stability and achieving high-
quality power output. However, the increasing adoption of plug-in EVs has brought 
about significant challenges to the load frequency control (LFC) of power grid 
systems. As the number of plug-in EVs participating in the power grid continues 
to increase, it becomes increasingly difficult to achieve an economically viable and 
effective load frequency control while maintaining satisfactory system performance. 
The intermittent nature of the plug-in EV charging process, the uncertain driving 
patterns of plug-in EV owners, and the potential impact of large-scale plug-in EV 
participation on power system stability all pose significant challenges to LFC. In this 
situation, new control strategies and technologies need to be developed to ensure the 
efficient and reliable operation of power systems while accommodating the growing

v
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number of EVs. This requires a deep understanding of the interactions between plug-
in EVs and power systems, as well as the development of innovative solutions that 
can mitigate the challenges posed by EV participation. 

This book aims to provide readers with comprehensive insight into robust control 
strategies for power electronics used in smart grid applications. The book is organized 
as follows. Chapter 1 introduces some background knowledge of smart grid, the chal-
lenges and opportunities of plug-in EVs for the power system, and the control tech-
niques for smart grid applications. Chapter 2 showcases several control techniques 
that can be implemented for the three-phase two-level AC/DC power converter. 
Chapter 3 introduces a high-quality current control approach for the three-level AC/ 
DC power converter. Chapter 4 focuses on direct power control for the three-level 
AC/DC power converter. Chapter 5 proposes a fuzzy sliding-mode control strategy 
for the three-level AC/DC power converter. Chapter 6 provides a robust control 
approach for the operation of two-level AC/DC power converter when subjected 
to unbalanced grid conditions. Chapter 7 introduces an adaptive optimal control 
strategy to efficiently alleviate disturbances and uncertainties for the permanent 
magnet synchronous motor. Chapter 8 presents a distributed economic model predic-
tive control approach for load frequency control that incorporates large-scale plug-in 
EV participation. Chapter 9 aims to secure the distributed frequency estimation of a 
large number of plug-in EVs participating in the distributed frequency regulation. 

In conclusion, this book provides the reader with an essential overview of the 
latest developments in the control strategy for power electronics in smart grid appli-
cations. It serves as a valuable resource for researchers, engineers, and professionals 
in the field, facilitating a deeper understanding of robust control techniques and their 
practical implementation in shaping the future of smart grids. 

Harbin, China 
June 2023 

Yunfei Yin 
Lei Liu 

Zhijian Hu 
Hao Lin 

Ligang Wu
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d tracking error ĩβ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125 

Fig. 6.8 Grid current and tracking errors when the grid frequency 
changes form 50 to 49 Hz, and then to 45 Hz: a PR 
controller response, b proposed controller response, 
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d tracking error ĩα and ĩβ for the proposed controller . . . . . . . . . . 126 

Fig. 6.9 DC-link voltage and current waveforms when the load 
changes using the proposed and the PI controller: 
a DC-Link voltage, b grid currents for the conventional 
PI in the voltage regulation loop, c grid current 
for the proposed P+STO controller in the voltage 
regulation loop, d detail of the grid currents 
for the conventional PI solution and e detail of the grid 
currents for the proposed controller . . . . . . . . . . . . . . . . . . . . . . . . 127 

Fig. 7.1 Block diagram of AOCS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 134



List of Figures xxi

Fig. 7.2 Control block diagram of speed regulation loop . . . . . . . . . . . . . . 136 
Fig. 7.3 The responses of current idq and current error using 

the proposed current control strategy . . . . . . . . . . . . . . . . . . . . . . . 138 
Fig. 7.4 Control block diagram of current tracking loop . . . . . . . . . . . . . . 141 
Fig. 7.5 Case I: Variation of moment of inertia: performance 

comparisons of speed response using a AOCS, b STA 
and c PI control . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 142 

Fig. 7.6 Case II: Variation of viscous friction coefficient: 
performance comparisons of speed response using 
a AOCS, b STA and c PI control . . . . . . . . . . . . . . . . . . . . . . . . . 142 

Fig. 7.7 Case III: Variation of rotor flux linkage: performance 
comparisons of speed response using a AOCS, b STA 
and c PI control . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 143 

Fig. 7.8 Case IV: Variation of load torque: performance 
comparisons of speed response using a AOCS, b STA 
and c PI control . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 143 

Fig. 7.9 Laboratory prototype of PMSM . . . . . . . . . . . . . . . . . . . . . . . . . . . 144 
Fig. 7.10 The response of speed when motor startup using 

the proposed and classical control strategies . . . . . . . . . . . . . . . . . 145 
Fig. 7.11 The response of speed when load torque change using 

the proposed and classical control strategies . . . . . . . . . . . . . . . . . 146 
Fig. 7.12 The responses of current idq when load torque change 

using the proposed and classical control strategies . . . . . . . . . . . . 146 
Fig. 7.13 The response of speed using four different controllers 

under speed command steps from 1500 rpm to 1200 rpm . . . . . . 148 
Fig. 7.14 The response of speed using four different controllers 

under speed command steps from 1200 rpm to 1500 rpm . . . . . . 148 
Fig. 7.15 The response of speed using three different controllers 

under 0 to 12 N m . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 149 
Fig. 8.1 DEMPC diagram of area i with PEVs under potential 

cyber attacks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 156 
Fig. 8.2 Model-based χ 2 intrusion detection . . . . . . . . . . . . . . . . . . . . . . . 162 
Fig. 8.3 Event-triggering scheme . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 164 
Fig. 8.4 Interconnected four-area power system . . . . . . . . . . . . . . . . . . . . . 165 
Fig. 8.5 Comparisons of frequency deviation dynamics 

without/with PEV participation. Green lines indicate 
the conventional DEMPC with only generators while red 
lines indicate our proposed DEMPC with PEV participation . . . 166 

Fig. 8.6 Case  1: Blue lines indicate frequency deviation 
dynamics without model-based χ 2 intrusion detection 
unit while magenta lines indicate frequency deviation 
dynamics with model-based χ 2 intrusion detection unit . . . . . . . 167



xxii List of Figures

Fig. 8.7 Case  2: Blue lines indicate frequency deviation 
dynamics without model-based χ 2 intrusion detection 
unit while magenta lines indicate frequency deviation 
dynamics with model-based χ 2 intrusion detection unit . . . . . . . 168 

Fig. 8.8 Case  1: Event-triggering instants and intervals . . . . . . . . . . . . . . 169 
Fig. 8.9 Case  2: Event-triggering instants and intervals . . . . . . . . . . . . . . 169 
Fig. 8.10 Circumstance  1: Impacts of δ2 on Δ f2 under constant 

FDI attacks with g2(k) = 0.005 from k = 50 . . . . . . . . . . . . . . . . 170 
Fig. 8.11 Circumstance  2: Impacts of δ2 on Δ f2 under time-varying 

FDI attacks with g2(k) = 0.0001k from k = 50 . . . . . . . . . . . . . . 171 
Fig. 8.12 Impacts of different false detection rates on Δ f2 

under constant FDI attacks with g2(k) = 0.005 from k = 50 . . . 172 
Fig. 8.13 Impacts of different false detection rates on Δ f2 

under time-varying FDI attacks with g2(k) = 0.0001k 
from k = 50 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 173 

Fig. 9.1 Structure of a common distribution system . . . . . . . . . . . . . . . . . . 180 
Fig. 9.2 Flow diagram of the credibility-based resilient distributed 

frequency estimation scheme . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 181 
Fig. 9.3 Diagram of the i-th control area . . . . . . . . . . . . . . . . . . . . . . . . . . . 186 
Fig. 9.4 a Strongly connected G. b Non-strongly connected G . . . . . . . . . 191 
Fig. 9.5 Case 1: Strongly connectedG. a G1(k) = 0.2 from k = 100, 

G2(k) = 0.1 from k = 300 without the credibility-based 
resilient distributed frequency estimation scheme. 
b G1(k) = 0.2 from k = 100, G2(k) = 0.1 from k = 300 
with the scheme. c G1(k) = 0.002k from k = 100, 
G2(k) = 0.001k from k = 300 without the scheme. 
d G1(k) = 0.002k from k = 100, G2(k) = 0.001k 
from k = 300 with the scheme . . . . . . . . . . . . . . . . . . . . . . . . . . . . 192 

Fig. 9.6 Case 2: Non-strongly connected G. a–d are same as those 
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Fig. 9.7 Dynamics of frequency deviations in four areas. Solid 
lines represent the conventional DLFC with the generator 
while dashed lines represent our proposed DLFC 
with the participation of well-behaving PEVs . . . . . . . . . . . . . . . . 193


