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Agenda
 Introduction
 Big Data Synchro-phasor Monitoring and Analytics for Resiliency Tracking 

(BDSMART)
– Work by Quanta Technologies LLC using MATLAB under DOE FOA 1861

 Big-data in MATLAB
 Deployment options
 Other relevant work
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“fleet” data requires efficiently storing and processing huge 
timeseries datasets.

Automotive
• Vehicles

• Engines

• Controllers

Manufacturing
• Pick & Place machines

• Welding robots

• Material handling systems

Agriculture
• Harvesters

• Tractors

• Mining

Healthcare
• Surgical tools

• Wearables

• Digital health equipment

Energy
• Wind Turbines

• Solar Panels

• Generators

Infrastructure
• Charging stations

• Parking spaces

• Electronic toll collection
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Big Data Synchrophasor Monitoring and Analytics for Resiliency 
Tracking (BDSMART)
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DOE FOA 1861

 Challenges:
– Large data: 27 TB, 1 GB each file from 3 interconnections
– Data quality issues: missing, oversampled, abnormal

 Approach Quanta Technology used:
– Preprocess data:

 Fragmenting data
 File naming scheme
 Indexing: monthly, weekly, daily
 Distributed storage

– Parallelize
 Parfor on 64 cores

 

https://www.mathworks.com/company/events/videos/accelerating-and-streamlining-power-utilities-data-analytics-and-ai-workflows-at-quanta-technology-1699910610377.html
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Source: URL

Other results:
• Process 27 TB of 

data within hours
• Event detection 

algorithm using a 
random forest 
classifier 

https://www.mathworks.com/company/events/videos/accelerating-and-streamlining-power-utilities-data-analytics-and-ai-workflows-at-quanta-technology-1699910610377.html
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Performing big-data analytics in MATLAB
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Performing big-data analytics in MATLAB

Big DataVisualizationAccess & 
Analysis
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Big Data Engineering and Analysis

Data
Analysis

Data
Engineering

datastores()
+

writeall()

datastores()
+

tall()
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Simplify data engineering workflows with datastore and writeall
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Efficient and performant big data storage with Parquet files

 parquetread, parquetwrite, and parquetinfo for single files
 parquetDatastore and writeall for large collections of files

 rowfilter object
allows filtering of
data at read-time

 Determine and
define row groups

 Convert, import, and
export nested
data structures

:     30sa

:   0.3sa
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Big Data Engineering and Analysis

Data
Analysis

Data
Engineering

datastores()
+

writeall()

datastores()
+

tall()
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tall Arrays

 Data type designed for data that doesn’t fit into memory

 Lots of observations (hence “tall”)

 Lazy evaluation only performs the necessary computations when 
needed

 Looks like a normal MATLAB array
– Supports numeric types, tables, datetimes, strings, etc…
– Supports several hundred functions for basic math, stats, indexing, etc.
– Statistics and Machine Learning Toolbox support
– Logical indexing with parquetDatastore uses rowfilter automatically



20

Big Data Analysis Without Big Changes

One file One hundred files
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Customization support for the entire big data workflow

 Import
– Custom datastore

 Process
– Custom datastore transforms
– Custom tall array functions

 Export
– Custom write capabilities for both datastore writeall and tall write
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Power Utility Monitoring and System Deployment 
MathWorks workflows can integrate with different platforms:

MATLAB
MATLAB 
Compiler

Coder 
Products

C/C++ 
DLL

++Java 
JAR

.NET 
DLL

MATLAB
Production

Server
Python 

pyC, C++ HDL PLC CUDA

Embedded Hardware Enterprise Systems

MATLAB 
Production 

Server

Deployed 
Simulation

Simulink

Simulink 
Compiler

MATLAB 
Compiler 

SDK

MATLAB Web 
App Server

Excel
Add-in

Hadoop/
Spark.exe

Desktop and Web Deployment

Docker
Container

MATLAB 
Web App
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Sharing desktop and web apps

Package
app

.mlappinstall

App Designer

MATLAB
Compiler .exe

Desktop App

MATLAB 
Web App

MATLAB Web 
App Server

.mlapp

MATLAB
MATLAB Compiler
MATLAB Web App Server
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Example
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Deployment Example: 
Event Characterization using Prony Analysis in MATLAB
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Oscillation Signal Reconstruction with Simple Sinusoids

𝑦𝑦 𝑡𝑡 = �
𝑖𝑖=1

𝑁𝑁

𝐴𝐴𝑖𝑖𝑒𝑒𝜎𝜎𝑖𝑖𝑡𝑡 cos 2𝜋𝜋𝑓𝑓𝑖𝑖𝑡𝑡 + 𝜃𝜃𝑖𝑖

0 10 20 30 40 50 60

Time [s]

-0.1

0

0.1

0.2

0.3

Im
pu

ls
e 

R
es

po
ns

e

Original Signal

0 10 20 30 40 50 60

Time [s]

-0.1

0

0.1

0.2

0.3

Im
pu

ls
e 

R
es

po
ns

e

Signal Components

First Mode

Second Mode

Oscillation can be reconstructed with a series of exponential responses and sinusoids:

Exponential damping 
(or unstable mode)

Oscillation Frequency
and Phase

𝐴𝐴𝑖𝑖 - Amplitude
𝜎𝜎𝑖𝑖 - Damping (stable/unstable)
𝑓𝑓𝑖𝑖  - Frequency
𝜃𝜃𝑖𝑖  - Phase
𝑁𝑁 - Number of Modes
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Multi-Event Identification of Damping
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Grid Events - Oscillations

Event1

Event2

Event3

Event4

Signal 
Number

Frequency 
(Hz)

Damping 
Ratio

Event1 0.050 0.400
Event1 0.250 0.050
Event2 0.025 0.500
Event2 0.380 0.010
Event3 0.076 0.800
Event3 0.300 0.020
Event4 0.038 0.300
Event4 0.250 -0.005
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MATLAB example: Web-app



30

Command-Line Automation without MATLAB Installed
 Enable Connection to Other Tools/Workflows
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Other resources on Electrification

Page URL

https://www.mathworks.com/solutions/electrification.html
https://www.mathworks.com/solutions/electrification.html
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Thank you
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