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Introduction 
• “Big Data”- a term that refers to the 

explosion of available information  will 

bring new opportunities  to society and 

challenges to data scientists.  

• On the one hand, Big Data promise new 

levels of scientific discovery and 

economic value that are not possible 

with small-scale data. 

• On the other hand, the massive sample 

size and high dimensionality of Big Data 

introduce unique computational and 

statistical challenges, including 

scalability and storage bottleneck, noise 

accumulation, etc..  

• These challenges require new 

computational and statistical paradigm 

http://www.shutterstock.com/pic-151466624 



Introduction (cont.) 
• In the 2009 flue pandemic (H1N1), Google Flu Trends 

(GFT) tracked information about flu in the USA.  

• Like the Centers for Disease Control and Prevention 

(CDC), GFT could tell where the flu has spread, but 

unlike the CDC they could tell it in near real time, not a 

week or two after the fact. 

• GFT could “predict” the spread of the winter flu in the 

USA, not just nationally,  but down to specific regions and 

even states.  

• This was achieved by  looking at what people were 

searching for on the internet. Google has plenty of data  

to work with, since it receives more than 3 billion of 

search queries. 

• In 2013, there has been a report that GFT failed.  

However, GFT’s failure does not erase the value of big 

data. 

 



Introduction (cont.) 

• Buying “cheap” airplane tickets. 

• Experience of Prof. O. Etzioni in 2003  

• He was determined to figure out a way for people to 

know if a ticket price the see online is a good deal or not.  

• Using a sample of 12,000 price observations that was 

obtained by “scraping”  information from a travel website 

over a 41-day period, he created a tool that could predict 

with certain accuracy whether the price for a given 

destination and dates is likely to go up or down over the 

next seven days.  

• The model has no understanding of why, only what.  

 

 

 

 

 



Introduction (cont.) 

• Internet companies such as Yahoo, Facebook, LinkedIn, 

Google, etc., have been particularly swamped and are 

the first to adopt Big Data algorithms and processes 

• Google process more than  24 petabytes (1x1015 byte) of 
data per day  

•  Amazon’s recommendation system now contributes to a 

third of its sales. The system is fed by a large amount of 

information on users’ behaviors and activities. 

• Similarly, by availing itself of billions of pages of 

translations of widely varying quality, the Google’s 

translation system has become more accurate than 

those of other systems. 



Introduction (cont.) 

• Take astronomy. When the Sloan Digital Sky Survey 

began in 2000, its telescope in New Mexico collected 

more data in its first weeks than had been amassed in 

the entire history of astronomy. In decade later the 

survey archive teemed with a whopping 140 terabytes of 

information 

• A successor, the large Synoptic Survey Telescope, due 

to come on stream in Chile this year, will acquire that 

quantity every five day. 

• The square Kilometer Array radio telescope (SKA) in 

South Africa will generate more data than the entire 

internet in 2020 



Introduction (cont.) 
• Power utilities are facing the biggest challenges of delivering 

to their customers a reliable and secure electric power in a 

cost effective way.  

• The current centralized model of power delivery, with its 

fragile, legacy, simply cannot accommodate energy and 

efficiency demands in the way that an intelligent, distributed 

power system can. 

• How can power systems operators and decision makers take 

advantage of smart grid technologies such as: 

    -    Advanced metering infrastructure (AMI)  

    -    Synchrophasor technology deployment (Phasor  

         measurement units-PMU) to capitalize on the power of big  

         data to improve the operational efficiencies and reduce  

         costs of the power grid. 

 



Introduction (cont.) 

• >60 GW of load loss  

• >50 M of people affected 

• Import of 2GW caused 

reactive power to be 

consumed 

• Eastlake 5 unit tripped 

• Stuart-Atlanta 345 kV 

line tripped 

• A possible load loss (of 

up to 2.5 GW) 

• Inadequate situational 

awareness 
August 14, 2003 North America 

blackout 

 

Regular Night 

 

August 14, 

2003 Night 

 



What is Big Data? 
• Big data is everywhere 

(data collected and 
warehoused) 

– Web data, e-commerce 

– purchases at 
department/ 
grocery stores 

– Bank/Credit Card  
transactions 

– Social Network 

– Telecommunication 

– Power systems, etc. 

 

 



What is Big Data? 
• There  is no rigorous definition 

on “Big Data. 

• It is the ability of society to 
harness information in novel 
ways to produce useful 
insights or goods and services 
of significant value. 
 

• Four characteristics of Big 
Data:  

 

    - Volumes (data at rest) 

    - Variety  (data in motion) 

    - Velocity (data in many forms) 

      -  Veracity  (data in doubt) 

 
 

 



What is Big Data? 
There are two main types of Big data 

Data at rest 

• Data is stored on disk 

• Huge volume of unstructured 

data  

• Too large for traditional tools to 

process in a timely manner 

 
Data in motion 

• Data is typically not stored 

• Tremendous velocity 

• Multiple data sources 

• Huge volumes of unstructured 

data 

• Ultra low latency required 

 



What is Big Data? 
Key Uses of Big Data in Organizations today 

• Big Data Exploration: Find, visualize, understand all data 

to improve decision making 

• Enhanced 360 View of the Customer: Extend existing 

customer views by incorporating additional internal & 

external information sources 

• Security/Intelligence Extension: Lower risk, fraud 

detection and monitoring cyber security in real-time 

• Operational analysis: Analyze a variety of machine data 

for improved business results 

• Data storage and data management: Integrate Big Data 

and data warehouse capabilities to increase operational 

efficiency 

 



What is Big Data? 

Big Data overall architecture consists of three layers: 

 

 

• Data storage layer: stores complex type and mass data, 

data processing layer. 

• Data processing layer: realizes real-time processing of 

massive data. 

• Data analysis layer: gives smart, in-depth and valuable 

information.  

 

 



Reasons for the Importance of 

Big Data 
• At its core, Big Data is about 

prediction. 

• Big Data refer to things one can 

do at a large scale that cannot be 

done at a smaller one. 

• Take Complex information then 

present it in a way that can be 

understood. 

• Big data marks the beginning of 

a major transformation.  

• It  challenges the way we live 

and interact with the world. 



Reasons for the Importance of 

Big Data (cont.) 

• The importance of big data doesn’t revolve around how 

much data you have, but what you do with it.  

• One can take data from any source and analyze it to find 

answers that enable : 

         - Cost reductions  

         -  Time reductions,  

         -  New product development and optimized offerings 

         -  Improve customer satisfaction 

         -  Sharpen competitive advantages 

         -  Reduce downtime 

         -  Smart decision making 

 



Reasons for the Importance of 

Big Data (cont.) 

• Big data can be analyzed for insights that lead to better decisions 

and strategic business moves. 

• When one combines big data with high-powered analytics, one 

can: 

• Determining root causes of failures 

• Detecting fraudulent behavior before it affects your organization, 

etc. 



Big Data Challenges 

• The amount of data that’s being created and stored on a 

global level is increasing day by day.  

• In addition to the volume of data, the complexity of the 

data is also increasing 

• Data continues to grow and with that growth comes the 

increasing need for security and privacy alongside 

managing and finding insights from that data. 

• Fifty times as much as Data and digital contents over 

coming decade  (from 800,000 petabytes in 2009 to 40 

Zettabytes in 2020) 



Big Data Challenges 

• Businesses are overwhelmed by the volume of data to 

analyze 

• Making sense requires computation- 

• How to organize and distribute that computation is still a 

challenging subject 

• Hadoop is an open-source software framework for distributed 
storage and distributed processing of Big Data on clusters of 
commodity hardware. 

• Hadoop is fundamentally a file system (HDFS or Hadoop 
Distributed File System ) with a specialized programming 
model (MapReduce) to process the data in the file 

 

 

 

 



Big Data in Power Systems 

• It is expected power systems operators and decision 

makers will take advantage of smart grid technologies 

such as: 

 

    -    Advanced metering infrastructure (AMI)  

    -    Synchrophasor technology deployment (Phasor  

         measurement units-PMU)  

     to capitalize on the power of big data to improve the   

     operational efficiencies and reduce costs 



Big Data in Power Systems 

• Smart grid- complex with enormous Data 

 



Big Data in Power Systems 
Advanced Metering Infrastructure (AMI)  

• According to U.S. energy information 

administration (EIA), the aggregated 

AMI installation experienced a 17 

times increase from 2007 to 2012. 

• The AMI usually collects electricity 

usage data every 15 minute, instead 

of once a month.  

• This is a 3,000 fold increase in the 

amount of data utilities would have 

processed in the past.  

• It is estimated that the electricity 

usage data collected through AMI in 

the U.S. amount to well above 100 

terabytes in 2012.  

sensor 

sensor 

sensor 

sensor 



Big Data in Power Systems 
Synchrophasor technology and PMU (Phasor Measurement Units)  

• Next generation measurement 
technology. (voltages, currents, 
frequency, frequency rate-of-change, etc). 

• Higher resolution scans (e.g. 30 
samples/second).  

    ─ Improved visibility into dynamic  

        grid conditions.  

     ─ Early warning detection alerts.  

• Precise GPS time stamping  

    ─ Wide-area Situational Awareness.  

    ─ Faster Post-Event Analysis.  

    ─ Coordinated Wide-area Control Actions  From Big data in PS by K. Kirihara & 
K. Larson 



Big Data in Power Systems 
Synchrophasor technology and PMU (Phasor Measurement Units)  

Approx. 200 PMUs in 2007 Over 1200 PMUs to be 
deployed by 2014 

Synchrophasor benefits for Post-event Analysis 



• The three biggest areas for Big data are: Visualization, 

Situational Awareness and Prediction Forecasting 

 

 

Big Data in Power Systems 



Conclusions 
• Big Data bring new opportunities  and challenges.  

• Although, Big Data is often messy, varies in quality and is 

distributed among countless servers around the world, at 

its core, Big Data is about prediction. 

• Big data word, we can discover patterns and correlations 

in the data  that offer us novel and invaluable insights. The 

correlation  may not tell us precisely why something is 

happening, but they alert us that it is happening.  

• Power system operators and decision makers should 

speed up the adoption of smart grid technology (AMI, 

PMU, etc.) to capitalize on the power of big data to 

improve the  operational efficiencies, and reduce costs. 

 

     

 


