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Technology Solution

Utilities and other distribution system operators need
modern, data-driven approaches for planning infrastruc-
ture improvements, diagnosing issues, and preventing out-
ages. In the last 20 years, tens of millions of smart meters
have been installed at residential and commercial endpoints
to provide additional insight into distribution grid and cus-
tomer behavior, and each one can take more than 100,000
measurements per year. Additional advanced metering and
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monitoring devices, including distribution synchrophasors, also
are being widely deployed. The immense promise of the smart
grid remains largely unrealized due to the challenges in handling,
managing, and analyzing the vast frove of sensor data. For util-
ity engineers and analysts, the faster they can visualize, explore,
manipulate, and analyze data—transforming ideas into prototypes,
testing and improving use cases, and deploying the applications to run

at scale—the more value they can create.
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This pilot was launched to demonstrate the PingThings PredictiveGrid™
platform for creating data-driven applications for realizing the full value of
utility time-series data assets. PredictiveGrid is a data management, ana-
lytics, and artificial intelligence platform designed to work with time-series
measurements from any grid sensor, from advanced metering infrastructure to
synchrophasors to power quality and continuous point-on-wave monitoring. The
platform, architected for speed, scalability, and ease of use, can be deployed
through cloud providers—such as Amazon Web Services (AWS) and Microsoft
Azure—and also as an on-premise solution.

Challenge: Customer and Community Engagement

PREDICTIVEGRID™ TIME-SERIES DATA PLATFORM
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Sample PredictiveGrid user interface

Project Overview

This project engaged PingThings, Ameren, and EPRI
in evaluating the performance and capabilities of the
PredictiveGrid platform when working with millions of
streams of smart meter data. Ameren internally main-
tains a metadata table for 3.29 million smart meters
across 1,387 substations in Missouri and lllinois. This
table is presumed to be 80% to 90% accurate for
phase and meter-secondary transformer mappings,
but this has not been comprehensively tested as manu-
al verification is prohibitively expensive.

The specific challenge was for PredictiveGrid to ingest
more than 1 year of data and then implement, test,
and enhance several large-scale machine learning
algorithms for smart meter time-series data. The intend-
ed application was to develop predictions for correct-
ing mis-specified phase designations and meter-trans-
former mappings to support the creation
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of hyper-accurate network models, which have high
business value as foundational to an advanced grid.
Since the best approaches are not known a priori,
the pilot provided a test of the rapid prototyping and
experimentation capabilities provided by the
PingThings platform.

This proof-of-concept project was completed within the
required 3-month timeline mainly through the efforts

of a single individual. Approximately 12 months of
data for 1 million smart meters were imported into the
PingThings platform. Each meter reports voltage, real
current, and reactive current measurements once every
15 minutes. Three “meter-meter similarity” algorithms
were developed, tested, refined, and benchmarked:

* Pearson correlation. A simple statistical correlation

that ranges from O to 1.

* Speciral clustering-based method.” A machine learn-
ing method based on network theory.

e Bottom-up grouping.? A method based on statisti-
cal regression analysis that also yields estimates of
physical features like resistance and reactance.

In parallel, the Ameren team assembled a solution
from pre-existing AWS components (including S3
and EMR) to develop and test the same algorithms.
This supported benchmarking all aspects of the
PredictiveGrid in comparison to the AWS-assembled
solution, including explicit cost, raw technical perfor-
mance, time to value, and business process metrics.

Results & Learnings

PingThings deployed the PredictiveGrid platform,
ingested and evaluated the quality of the supplied
smart meter data, and prototyped and benchmarked
the three algorithms. Rapid prototyping showed all
algorithms to yield useful predictions, as shown in the
accompanying figures. Both algorithm development
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Comprehensive Meter-Meter Correlation Metrics
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R? (meter-meter correlation)

Sample results from the methods used for inferring smart
meter organization within a small substation: (top) heat map
visualizing statistical similarity between all pairs of meters
based on 1 full year of power, voltage, and current time-se-
ries data; and [right] hierarchical clustering results using
similarity values (meter identification colors correspond to
Ameren’s internal grouping label)

and large-scale testing were enabled by the platform’s
ability to store, load, and analyze data using bestin-
class data science tools. Prototyping was performed
on a small amount of ground-truth data in addition to
the meter metadata table. Results suggest that the two
more complex algorithms produced more accurate
results, and next steps will examine this in more detail.

For the Pearson correlation method, complete data
loading and analysis of all available data across 64
substations were achieved in under 40 minutes on

the PingThings platform using a single compute node.
This was more than twice as fast as the AWS-based
solution while using 64 times fewer resources, all at
significantly lower cost. The more complex algorithms,
which each require millions of individual calculations,

Substation-Wide Meter Clustering
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finished within 20 minutes for substation networks
thousands of meters in size. All analytic methods test-
ed were efficient enough to allow for easy parameter

tuning and prediction scoring.




TESTIMONIAL: PingThings

Working with Ameren and EPRI has been great, and we have really appreciated the opportunity to show the
industry just how powerful the PredictiveGrid is for all types of utility time-series data.

TESTIMONIAL: Ameren

The PredictiveGrid is a high-performance data analytics platform that can ingest and store grid data, enable
easy interactions, and accelerate building artificial intelligence solutions.

The AWS-based analytics implementations by Ameren
were hindered by limitations imposed by the AWS
services and software but not apparent at the begin-
ning of the process. Pilot results demonstrate that the
PingThings platform provides technical advantages
such as fast time-series data storage and loading and
flexible and customizable analytics development to
meet specific user needs. In addition, experimentation
with time-series data is encouraged rather than penal-
ized by the platform’s pricing model.

This proof-of-concept project involved a one-time data
export and transfer from Ameren through EPRI to
PingThings. While challenges encountered resulted in
some delays, project learnings will guide development
of a more robust pipeline and schedule to transfer
data continuously info the PingThings platform in an
automated fashion.

Implications & Next Steps

Unlike many other data analytics offerings for ad-
vanced metering infrastructure, the PingThings plat-
form assists utilities in creating their own solutions as
opposed to being handed a “black box” machine that
lacks observability and cannot be tuned. Important-

ly, utilities often underestimate the difficulty of data
wrangling—getting all of the relevant data securely
info one place in a form that is usable (ingestible) by
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analysis software. Regardless of the data analytics
application or choice of platform, this portion of the
process should be thoroughly assessed and tested
during planning to refine the time estimate and re-
source commitment.

In the specific use case considered, the analytics
developed and refined using the PingThings platform
demonstrated high potential value as a viable alterna-
tive to field verification of phase and meter-transformer
mappings, which requires each meter to be examined
and measured at its location. Further, because the
platform is an emerging alternative to the big data
technologies of leading providers, a significant and
valuable part of this project involved deploying an
AWS implementation to support an objective compari-
son for Ameren.

For 2021, Ameren plans fo continue to evaluate the
PredictiveGrid platform and how it can fit into the
utility’s overall sensor and analytics architecture and
strategy.
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