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Problem Statement

Comcast manages an extensive power supply network to power its HFC plant
Resiliency of the power supply network is key to keeping customers connected

Tracking and monitoring all aspects of the power supplies is paramount to ensure the power
supply network is performing optimally

Build predictive models to consume the rich data sets and provide actionable insights to the
field

Build an architecture to monitor and expose all aspects of power
supply information to support the next generation of predictive
modeling
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4 Step Process to Iink Disparate Databases

1.

Compare linear feet between the two

locations identified in databases of same [T i metne ™
power supply LU-SLLT Y +22% high quality

Using nodeo-power supply database

relationship to solve for additional location Ago20 |kl

matches matched 68%

|dentify PS in its natural environment eveion:
(street or pole) using existing mapping Machine  [[ieuy

, olicati
Learning App ::mh on

s*Compare
records
Manual “:'m
Search Team |[Fiyn
application

applications to confirm actual real location

Manual team confirmed or denied
proposed matches from the machine
learning tool to update database



Find My Power

Machine Learning PS Identification ool

. Created to identify PS in its natural environment anddbtpng
using existing mapping software

. The tool determines a level of confidence match based on imageg

likeness
. Found PS 6%0% of attempted locations

. Boosted manual team matching by 2X

Components

]

APl & Orchestrator

Trainer / Detector (ML)

Find My Power

< 9

™~~ction results for Job Id: ¢52756f0-7bb1-49a6-916f-1e103fe272e9

CALYPS100932816 | CATNOODOXHCPOO2 | Type: Underground

DETAILS

:-120.2678331)

GOOGLE MAP
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(10/37)

Prediction 1 -

2 Predictions

Choose the best prediction for this location
Select Prediction

Chosen: Not selected yet | B save |

Q

2 @

Prediction (1/2)

37.10939682414648

-120.26750810196853
97.69 %

Underground

>
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Tool Greated to Manage Assets and Alarms

Online asset management tool (Power Supply Notebook) to allow ongoing updates and changes
by admins, technicians, business partners and help desk

« Power Supply telemetry flow through Storm, the correlation engine, and alarm events identified
to be presented in Power Supply Notebook with associated actives

Actives Db

t Power Relationship

Power Supply on : Power Supply Loss
Step Change in Load
Input or Output Temperature out of | A L pp y
Voltage out of Spec Range fa iIure d-tectinn-'l

Alarm & Plant Impact [SRALSGIeIel6]8

Audit Reporting — Assets and Events

Real Time Load vs l

Power

New Power Supply
Online

Designed Load

Storm Correlation Engine

Biz Rules
and
Dispatch
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Disparate Power Grids

: : PS Outage Impact Analysis Example
« Correlating power events to plant actives

IS giving more insight to all equipment Nlrt Impacied Devices Analysis

12:41:13 PM
d OW n Strea m Of th e P S Total Commercial Customer Offline: 0 Total CM Offline: 27 Total IVR Call Count: 0
Total Commercial Customer Online: 3 Total CM Online: 67 IVR Call Value:
Total Residential Customer Offline: 51 Total MTA Offline: 24 Inverter Status: 2
e Data suggests that on ave rage-ﬁo)% of ot oo e 1 T po5tae
oooooooo ffline Value: NA Total Outage Event Found: 0 Task Name:

customers stay online during a PS
discharge scenario

[a]
221789

«  Teams are empowered by this additional| ===~
layer of information to make more ce
informed decisions about how and when | =< 7
to dispatch repair e
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Each PS has a rich set of telemetry related to the functional operation
« Voltages, currents, temperature, battery levels, hardware, softweice,.

Telemetry is polled from the transponder to form a live data stream

Raw telemetry combined with asset inventory information has great potential for predictive
modeling results

Power Supply Cabinet

Transformer
Commercial Line Power ‘ j—; Output Plant Power
Inverter —
Battery Module |

>tring 1 >tring 2 Communication
BAT BAT | BAT BAT BAT | BAT
S I e e e Module

ITeIe metry
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Data Pipelines
« Streaming « Big Data

Process raw data and check for medble events
Compute descriptive meta data on each event

« Real time alerts on raw telemetry
« Scoring of PS’s based on recent alerts

« Historical accounting of alerts « Store raw data only for events of interest for
« Raw data is only saved for short time modeling
frame « Significant reduction in size of stored data
* Minimizes data storage costs * 0.25% of full raw data size
Meta Data >Store Event
Meta Data
Streaming Event
Data Temp Daily Event Found R Compute Model-able| Yes |Long Term
Storage Check Meta data ? Storage
;| Real Time No Event Found M | Data
Alerts » Removal

“We collect, store, and use all data in accordance with our privacy disclosures to users and applicable laws”.
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Objectives
« Use all available data to train predictive models _
: - N _ Customer Resolution
. Infqrm field teams to efficiently prioritize resource allocation and Impact Window
maintenance activities
« Proactive Maintenance Now:
«  Slow degradation leading to a potential customer impacting evewstomer |Experiencing Impact (N[;’:r;]aN:;V)
 Example: Impact Future: Maintenance

- Batteries in PS are reaching end of life and may not be able to Impact Imminent

sufficiently power plant during a future commercial power

outage
« Demand Maintenance Now:
Acti : : : (Future, Future)
 Active customer impacting event that needs resolution Resolution e ASAP
- Example: Window : Future:
P Maintenance Months, Weeks

* Active commercial power outage requiring PS to operate on
battery backup and field needs to decide whether action is

needed to prevent a service outage
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Run Time Prediction - Architecture

 Demand maintenance use case Model Inputs
. Eredict how long a P_S can operate on battery hgck Raw 4 |Power Supply| __|Engineered
in event of commercial power loss Telemetry Meta Data Features
« Model Inputs l
 Raw telemetry v
 Relevant meta data Model
« Engineered features of various forms 1
. Model Output Model Output
* Predicted run time Prediction | + |Confidence | +|Explainability
« Confidence level of prediction
« Explanation of prediction l
« Output needs to be understandable and useful to the Field

field teams Action
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Run Time Prediction - Results

« Random forest model architecture
» Very little constraints on inputs data
* Inherently offers prediction confidence level and
explainability
* Trained on ~2500 examples where PS ran on battery
until it reached end of discharge
» Feature importance indicates what inputs the
model finds most useful in making predictions as
a whole
« Test results compared to baseline model
« Similar distribution of prediction errors
« Slight improvement shown be distribution

Density

startVoltage

initialCurrent

initialMeasuredPowerOut

initialTemperature
initialVoltageOut
batteryAge
numBatteries

numstrings
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Feature Importances
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Run Time Prediction - Explainability

 Individual model predictions include

supplemental information to help field team Sample Feature Contributions from base prediction of 239.0 Minutes
S it (Red: Negative, Blue: Positive)
prioritize Prediction with 50%CI: 270.0 [214.0-283.0] Minutes
 Raw prediction (X minutes) Actus’ Fon Time: 2220
« Same form as baseline model eenvos
initialMeasuredPowerQut
* 50% Confidence interval e Current
* Width indicates model’s confidence in startVoltage
prediction ennliatienicn
 Individual feature contributions BeEyYe:
« What separates current prediction from an  "elteltagsos
average baseline prediction numstrings
 Plan to keep expanding feature set to make full e F

use of rich data sets
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Findings Future Work

« A common PS identifiemables the Inventory « Automate dispatch for operational events
Management System to gather network impact o _
information from multiple sources * Integrate predictive models into ddg-day

. Geography of the power grids from the utility proactive PS management and maintenance

company and broadband provider do not overlap « Enhance predictive models with more

+ Minute telemetry allows for additional granularity and ~ comprehensive feature engineering

improved response time in generating alarms « Develop proactive machine learning models

* Huge data storage savings by only saving data relevant
to modelable events

ML models perform at the same level as existing
models with similar input data

» Added benefit of supplementary information with
each prediction
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