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Foreword

Stability is an essential requirement for the power system. Since the 
new century, modern power systems have seen large-scale integration 
of renewable energy resources such as wind and solar power, and more 
non-conventional loads such as electric vehicle charging loads and 
those support demand response programs. These new elements, due to 
their different dynamic characteristics and/or high-level randomness, 
make the power system stability assessment and control a much more 
challenging task. The conventional model and simulation-based methods 
become inadequate to adapt to this new environment. In the meantime, 
with the wide-spread deployment of phasor measurement units (PMUs) 
and other metering technologies, more measurement data of the power 
system become available, which opens the opportunity for data-driven 
stability assessment and control. 

This book presents a series of intelligent systems that make use of 
measurement data for stability assessment and control. Compared with 
conventional methods, the intelligent system solution has a much faster 
assessment speed, less reliance on system models, and a stronger ability 
to provide decision-support knowledge. 

Written by a dedicated research team who has been working on 
this field for over 10 years, this book offers systematic coverage of state-
of-the-art intelligent systems for data-driven power system stability 
assessment and control. It begins with the introduction of power system 
stability, offering readers a broad and stimulating overview of the field. 
It then identifies the problems and difficulties of conventional methods 
for stability assessment and control in the new environment and justifies 
the need for the intelligent system solution. Subsequently, the book 
introduces the framework and major blocks of an intelligent system for 
stability assessment and control, walking readers from introduction and 
background to general principle and structure of the intelligent system. 
After this, the book digs down into technical details on on-line stability 
assessment and preventive stability control which focus on the pre-
fault state of the power system, and real-time stability prediction and 
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emergency control which focuses on the post-fault state of the power 
system. The authors demonstrate a variety of innovative methodologies 
for stability database generation, feature extraction and selection, machine 
learning model design and training, decision-making and result credibility 
evaluation, parameter optimization, etc. To illustrate the concepts and 
methodologies, simulation tests on different benchmark testing systems 
are also given. Finally, the book moves to missing-data issues that often 
appear in practice and would impair the intelligent systems. Effective 
methods to address such issues are introduced. 

Intelligent Systems for Stability Assessment and Control of Smart Power 
Grids is a systematic presentation of the authors’ research works and 
their insights into this field. With a balanced presentation of theory and 
practice, this book is a valuable reference for researchers, engineers, and 
graduate students in the areas of power system stability assessment and 
control. 

Dr Innocent Kamwa, Fellow of the IEEE, 
Fellow of the Canadian Academy of Engineering

Chief Scientist for Smart Grid & Head of Power System and 
Mathematics Research Institute of Hydro-Quebec (IREQ)

Varennes, QC, Canada



Preface

Modern power systems are evolving towards the Smart Grid paradigm, 
featured by large-scale integration of renewable energy resources, e.g. 
wind and solar power, more participation of demand side, and interaction 
with electric vehicles. While these emerging elements are inherently 
stochastic, they are creating a challenge to the system’s stability and its 
control. In this context, conventional stability analysis tools are becoming 
less effective, and call for the need for alternative tools that are able to deal 
with the high uncertainty and variability in the smart grid. 

In the meantime, Smart Grid initiatives have also facilitated 
wide-spread deployment of advanced sensing and communication 
infrastructure, e.g. phasor measurement units at the grid level and smart 
meters at the household level, which collect a tremendous amount of data 
in various time and space scales. How to fully utilize the data and extract 
useful knowledge from them, is of great importance and value to support 
the advanced stability assessment and control of the smart grid. 

The intelligent system strategy has been identified as an effective 
approach to meet the above needs. After over 10 years’ continuous research 
in this field, we would like to present our intelligent system solutions to 
power system stability assessment and control in this book: 

In Chapter 1, the preliminaries of power system stability are reviewed, 
including its definition, classification, phenomena, and different stability 
indices. 

In Chapter 2, the problems and difficulties of stability assessment 
and control are discussed, and the motivation for the intelligent system 
solution is described. We classify the problems into two types: on-
line stability assessment and preventive control, and real-time stability 
prediction and emergency control. 

Chapter 3 introduces the general framework and the major steps for 
developing a practical intelligent system for stability assessment and 
control. We also give our insights into the key challenges and discuss our 



vi Preface

philosophy for addressing these challenges. The developed methodologies 
in the following chapters are based on this philosophy. 

Chapter 4 presents the intelligent system for on-line stability 
assessment, which aims to use steady-state operating variables to achieve 
fast stability assessment for potential contingencies. We had originally 
proposed the credibility-oriented methodology to evaluate the reliability 
of the output of the intelligent system. If the output is reliable, it can be 
directly utilized for stability assessment, otherwise alternative methods 
such as traditional time-domain simulation can be used to replace this 
result. In such a way, the practicability of the intelligent system can be 
significantly enhanced. The detailed methods and algorithms for stability 
database generation, feature selection, machine learning model training, 
credibility evaluation criteria, ensemble-based decision making, and 
simulation test results are provided. 

Chapter 5 presents the intelligent system for preventive stability 
control. We aim at transparent and interpretable preventive control 
actions which manipulate system operating state to counteract possible 
contingencies. The key methods and algorithms for stability knowledge 
discovery, interpretable control rules, as well as simulation test results are 
detailed.

Chapter 6 presents the intelligent system for real-time stability 
prediction, which aims to use real-time synchronized measurements to 
foresee the stability status under an ongoing disturbance. In order to 
balance the real-time stability prediction speed and accuracy, we had 
originally proposed the time-adaptive decision-making mechanism 
which can progressively predict the system stability based on available 
measurements. The detailed approaches for machine learning model 
design, time-adaptive decision-making process, optimal model parameter 
tuning, as well as simulation test results are provided. 

Chapter 7 presents the intelligent system for emergency stability 
control. We aim at fast decision-making on stability control actions at the 
emergency stage where instability is propagating. The key methods and 
algorithms for emergency control database generation, model input, and 
output selection, as well as simulation test results, are detailed.

Chapter 8 aims to address the missing-data issue that usually appears 
in practice and is a critical challenge to the intelligent system. We had 
originally developed novel methods based on power grid observability 
and the deep learning technique. Detailed methods for feature selection 
and clustering, machine learning model training, and decision-making, as 
well as simulation test results, are presented. 

We hope this book serve as a timely reference and guide for researchers, 
students, and engineers who seek to study and design intelligent systems 
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to resolve stability assessment and control problems in the smart power 
grids. 

We would like to sincerely appreciate the funding agencies and 
institutes who have supported our research in this area, listed in alphabetic 
order: Australia Research Council (ARC), Electric Power Research Institute 
(EPRI) in USA, Hong Kong Research Grant Council (RGC), Nanyang 
Assistant Professorship (NAP) from Nanyang Technological University, 
National Nature Science Foundation of China (NSFC), Singapore Ministry 
of Education (MOE), University of Sydney Postdoctoral Fellowship. 

Yan Xu
Yuchen Zhang

Zhao Yang Dong
Rui Zhang



Contents

Foreword iii

Preface v

	 1.	 Power	System	Stability:	Definitions,	Phenomenon 
and	Classification	 1

 1.1 Overview 1
 1.2 Mathematical Model 2
 1.3 Classification 3
 1.4 Rotor Angle Stability 3
 1.5 Voltage Stability 5
 1.6 Frequency Stability 8
 1.7 Stability Criteria 9
 1.8 Conclusion  16

 2. Stability Assessment and Control: Problem Descriptions 
and	Classifications	 18

 2.1 Introduction 18
 2.2 Off-line Stability Analysis 19
 2.3 Advanced Power System Monitoring Infrastructure 19
 2.4 On-line and Real-time Stability Analysis 21
 2.5 Classification of Stability Assessment and Control 21
 2.6 Requirements on Stability Analysis Tools 23
 2.7 Conclusion 24

 3. Intelligent System-based Stability Analysis Framework 25

 3.1 Introduction 25
 3.2 Principles 26
 3.3 Development Stage 28
 3.4 Implementation Stage 32
 3.5 Conclusion 34



x Contents

 4. Intelligent System for On-line Stability Assessment 35

 4.1 Introduction 35
 4.2 Intelligent Stability Assessment Framework 37
 4.3 Database Generation 41
 4.4 Feature Selection 44
 4.5 Machine Learning Algorithms 47
 4.6 Ensemble Learning 64
 4.7 Credibility Evaluation 68
 4.8 Multi-objective Performance Optimization 73
 4.9 Numerical Test on Intelligent Early-warning System 78
 4.10 Hierarchical IS for On-line Short-term Voltage Stability 

Assessment 86
 4.11 Numerical Test on Hierarchical IS 92
 4.12 Conclusion 98

 5. Intelligent System for Preventive Stability Control 101

 5.1 Introduction 101
 5.2 A Decision Tree Method for On-line Preventive  

Transient Stability Control 102
 5.3 Numerical Tests on Decision Tree-based Preventive 

Control Method 105
 5.4 Pattern Discovery-based Method for Preventive   

Transient Stability Control 114
 5.5 Numerical Tests on Pattern Discovery-based Preventive 

Control Method 122
 5.6 Conclusion 129

 6. Intelligent System for Real-time Stability Prediction 130

 6.1 Introduction 130
 6.2 Self-adaptive IS for Real-time Transient Stability Prediction 132
 6.3 Numerical Test for Self-adaptive TSP Model 138
 6.4 Hierarchical and Self-adaptive IS for Real-time   

STVS Prediction 142
 6.5 Numerical Test for Hierarchical and Self-adaptive IS 151
 6.6 Hybrid Self-adaptive IS for Real-time STVS Prediction 158
 6.7 Numerical Test for Hybrid Self-adaptive IS 163
 6.8 Probabilistic Self-adaptive IS for Post-disturbance 

STVS Prediction 175
 6.9 Numerical Test for Probabilistic Self-adaptive IS 187
 6.10 Conclusion 195

 7. Intelligent System for Emergency Stability Control 197

 7.1 Introduction 197
 7.2 Load Shedding and Its Strategies 198



Contents xi

 7.3 Response Logic and Intervention Timing 199
 7.4 Control Effectiveness 200
 7.5 Computation Complexity 202
 7.6 Hardware and Infrastructure 204
 7.7 Coordination between ELS and UFLS 204
 7.8 State-of-the-Art of ELS 208
 7.9 IS for ELM Computation 208
 7.10 Simulation Results 212
 7.11 Conclusion 217

	 8.	 Addressing	Missing-data	Issues	 218

 8.1 Introduction 218
 8.2 Robust Ensemble IS for On-line SA with 

Missing-data 219
 8.3 Numerical Test for the Robust Ensemble IS 229
 8.4 Robust Ensemble IS: To be Mathematically Rigorous 234
 8.5 Generative Adversarial Networks for On-line  

SA with Missing-data 239
 8.6 Numerical Test on GAN-based IS 245
 8.7 A Missing-data Tolerant IS of Real-time  

STVS Prediction 251
 8.8 Numerical Test for Missing-data Tolerant IS 266
 8.9 Conclusion 270

References 272
Index   285


	Yan Xu (Intelligent Systems for Stability Assessment and Control of Smart Grids) 20-02-2020 B
	Intelligent System Final
	Book 5.pdf
	Ch_2
	Ch_3
	Book 1
	Ch_5
	CH_6
	CH_7
	Book 3
	References
	Intelligent System Index





