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I.  MOTIVATION AND SYNOPSIS 
 
We live in a time and age when technologies are so ubiquitous that they affect many, if not all, aspects of 
our lives.  The twentieth century was marked by numerous technological innovations, with electrification 
topping the list of Greatest Engineering Achievements in the Twentieth Century1, and computers and the 
Internet are both included among the top fifteen on that list.  As the world continues to progress, 
technologies will continue to evolve, facilitated by various forms of innovations.  The technology that 
makes the existing electric power grid smarter is among the technological innovations that will most likely 
have profound impact on our lives, for the legacy grid desperately needs major improvements on its 
efficiency and dependability, and on reducing negative environmental impacts.   
 
Developing a smart grid is a compelling national and global technological challenge.  It is compelling not 
only because of the need for reliable energy sources, but also because of environmental reasons.  While the 
amount that renewable energy sources should contribute to the entire power generation portfolio is often a 
political decision, one thing is clear: we must develop and embrace technologies that improve the 
efficiency, reliability, and security of power generation, distribution, and consumption.  The integration of 
information and communication technology with power systems engineering provides a promising path to 
the development of smart grid technology.  However, such integration requires innovative research to 
address many challenges presented by the desired features of smart grid, including timely demand 
response, self-healing, etc.  Employing off-the-shelf technologies is most likely not adequate.  
 
The key features of the smart grid include active participation by consumers, accommodation of generation 
and storage options, enable new tools, products, services, and market, provide power quality, optimize asset 
utilization and operate efficiently, enable self healing, and resiliency to attacks and natural disaster.  This 
tutorial will start with basics of those smart grid features and vision, the key technologies and infrastructure 
required for that development including PHEV, communication, and distributed sensing and estimation.  
We shall present basic principles, benefits, costs, and politics of various forms of renewable energy and 
their integration into the grid.  We shall also cover issues relevant to demand response, privacy and 
security, and the social, commercial, and regulatory implications of the development of smart grid 
technology.  We also discuss how techniques in machine learning and signal processing can be effectively 
applied to smart grid and renewable energy integration. 
 
II.  LECTURE TOPICS 
 
1. Smart grid basics – 

• what is smart grid and why; 
• objectives and main features of smart grid; 
• key terminologies; 
• applications and potential impacts. 

2. Energy resources – are we running out of fuel? 
• renewable energy: solar, wind, hydropower, biomass, geothermal, ocean wave, biofuels; 
• benefit, costs, and government policies of renewable energy; 
• renewable sources integration; 
• centralized vs. distributed generation; 
• storage systems technology; 
• microgrids. 

                                                
1 http://www.greatachievements.org/ (U.S. National Academy of Engineering) 



3. Plug-in Hybrid Electric Vehicle (PHEV) – 
• history of EV; 
• PHEV challenges and potential solutions; 
• EV and electric power grid; 
• PHEV charging infrastructure, challenges and solutions; 
• PHEV as an energy storage device and an energy source (V2G). 

4. Monitoring the smart grid – 
• environment sensor network data 
• data interpretation and visualization 
• wide-area monitoring system (WAMS), SCADA and PMU; 
• advanced metering infrastructure (AMI); 
• smart metering; 
• state estimation, multi-area state estimation, forecast-aided state estimation; 
• distributed estimation and smart grid system monitoring; 
• self-healing; 
• privacy – how much? 

5. Demand Response and demand-side management – 
• load profile of the power grid; 
• market pricing; 
• peak shaving and valley filling; 
• load forecasting; 
• regulations and policies. 

6. Communication infrastructure for smart grid – 
• power line communications; 
• wireless communications, basic principles and standards; 
• M2M communications; 
• home area networks; 
• security in communications. 

7. State-of-the-Art – test beds/field trials, what has been done and where? 
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IV. JUSTIFICATION FOR TUTORIAL 
 
In the Computational Intelligence Society (CIS) there has been much interest in applying algorithms and 
methods developed in our society to the smart grid and energy areas.  There have been numerous special 
sessions at IJCNN on smart  grids and energy.  At the SSCI conference there have been workshops on 
computational intelligence analysis of the smart grid (CIASG).  There is also a current call for papers for a 
special issue of the IEEE Transactions on Neural Networks and Learning Systems Applications in Smart 
Grid. 
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Dr. Mandic has won several Best Paper awards in international conferences in Computational Intelligence 



(2010, 2009, 2006, 2004, 2002), and was appointed by the World University Service (WUS) as a Visiting 
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