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Integration Approach “The entire company on one data and compute
platform in the cloud”
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POWER
The Problem i OUTAGE®

Utility companies waste thousands of hours trying to identify and

locate damaged power lines caused by electrical faults.
Fault

With MathWorks and Databricks you can use data-driven
techniques to generate a classification algorithm for fault
location detection on electric grids.

This will greatly help utility companies handle power outages.
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The Approach

1. Create a model to generate synthesized data
d IEEE 123 Simscape model

IEEE 123 Node Test Feeder

2. Run the model at scale to generate large amounts of data
d Run the Simscape model in Databricks on 100+ instances

3. Train a classification algorithm using the synthesized data
4 Train a neural network in Databricks with the large data set

4. Use the trained neural network to predict the locations when a fault occurs
4 Input a fault into the neural network to get a distance from the power plant
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Create a simulated model to generate synthesized data

IEEE 123 Simscape model

PREPARE

v @ E

19% [Zoom in for more editing features]

Use the Simulink API to
programmatically build the
|IEEE 123 Node Test Feeder
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Fault Insertion

Each bus is configured such that a fault can be applied on each phase.

Single-Phase Bus
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Fault Insertion

Each bus is configured such that a fault can be applied on each phase.

> Two-Phase Bus
3 fault combinations,
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Fault Insertion

Each bus is configured such that a fault can be applied on each phase.

Dm—'E Three-Phase Bus
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Fault Insertion
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70 3-phase buses = 490 faults
3 2-phase buses =9 faults
55 1-phase buses = 55 faults
Total faults = 554 faults
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Fault Insertion
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[time fault_seqv_3ph]

[time fault_seqv_2ph]

[time fault_seqv_1ph]

210

55

4 IEEE_123_SSC_faults Y
P CB3_ref
210
z CB2_ref meas
P{CB1_ref
55

246{512}

246{512}

meas

seq

Each fault is applied and

cleared sequentially in a single

simulation run, through
appropriate circuit breaker
control signals

meas
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Bridge the Gap:
Sharing Your Models with Databricks Innovators

Once models are deployed to Databricks, share them with other users and incorporate them into
multi step workflows. Deploy and execute models natively as jobs, at scale, or on MATLAB Runtime-

enabled clusters.

Deploy models as a library or a user-defined function for use in any language, including SQL scripts.
Java or Python libraries and notebooks can also use this code.

User-defined
x functions

COCOEE o =
Scheduled ] ottt = B — Python

: —
job : . $ SESNS * aﬂ Library
whh ...}{...:’1{_...} Y
() (et} o) [ e t) ENE
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Simulink Runtime Installation on Databricks

* Deploying once on Databricks workflow

« Access to dependencies in Workspace folder —
o | ,
* No need to rebuild again (only build once) :
cluster_lnstaller _job_20240802T111943 S LT
a MATLAB EXPO




Accessing Runtime from Workspace and UC Volumes

* Runtime is governed under Unity Catalog

« Permissions can be managed under Unity Catalog

« All unstructured data and files can be managed in Volumes

Catalog Explorer * main » Za

= mathworks ©

Overview Details

Péermissions

ch_jacobson »

olumesimair

Wzach_jaco

Bson/mat|

s

rks

a

MName

[ dbotaults-24.1.0-py3-none-anywhi

dermne.myc-24,1,0-py3-nang-any whi
y PY y.

[0 package

3 runtirme

Size

4,11 MB

54,36 KB

3} Fitte:

Last modifieg

2 days ago

24 days ago
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Workspaca » Useis » zachjacobson@da
installer_4_0_7
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Cluster Deployment

* Cluster configured once
« 14.3 Runtime Version
« Scale cluster to appropriate size

* Install custom libraries/wheel files

Compule + Simghy Form WIP: OFF «

Zachary Jacobson's Matlab Sim3 &

Configuration  Motebooks (1)  Librares  Eventlag  Spark Ul Driver logs  Maetrics  Apps  Spark comnpute Ul - Master  «

Policy )
Auts AT
Acopss mode [ Single user sccess

Single user Zachary Jacobson

Performance

Diatabirchs Rufters Vil s

14 ILTS (ncludes Apache Spark 1.5.0, Scals 2.12)

-! U Phston Accelpration |

Wadknr typa

Min workare Max workerd Cufront

i3 dfange: 137 G Memady, 18 Sorei 4 F] 3

e Cugtamars similar 1o you g6 12% cost savings and improved avalaBilny wien uling
Mol iNSLaAD typad, Loarn mare [

Diriwer type
i3.dxiarge
B Eraite sutcacaling
En sealing kool storage (5

B Termicate after| 120 minubes @l ingsstiity

Compute »  Simpla Form WIP: OFF ~

Zachary Jacobson's Matlab Sim3 ©@

Configuration Hotebooks (1) Libraries  Ewvent log Spark LI Driver logs Maetrics  Apps
(:2 Filtier Bbaarias
Status Name =t
@ Melumesimain/zach_|acobsonimathworks/dbe faults-24.1.0-py3-none-anywhi

Spark compute Ul - Master -

Whial
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Import MATLAB Packages/Model and Use Pandas UDFs

Matlab and Simulink On Databricks Sim3  Python v ¥
View Run Help Lasteditwasnow O Provide feedback

File Edit

B Interrupt

» 0113 PM (<1s) 3

# Databricks notebook source

# Import special functions from wrapper

from dbx.faults.wrapper import run_top_level_faults_output_names
from dbx.faults.wrapper import run_top_level_faults_output_schema
from dbx.faults.wrapper import run_top_level_faults_mapPartitions
from dbx.faults.wrapper import run_top_level_faults_applylnPandas
from dbx.faults.wrapper import run_top_level_faults_mapInPandas

> +/ 0%13 PM (5s) 4

® Zachary Jacobson's ...

# COMMAND
#Resistance (Ron and Rg) of faults as random lograthmic like function of the resistance
#Simulation 1: 10 simulations on

from pyspark.sql import functions as f

N =10

R = spark.range(N)

#Create logarithmic inputs for simulink model

DF = R.withColumn("Ron", f.pow(10.8, -1.8 » (N - R['id'].cast('double’')) / N)) \
.withColumn("Rg", f.pow(10.0, -2.8 * (N - R['id'].cast('double')) / N)) \
withColumn("StopTime", f.lit(1.0)) \

.select('Ron', ‘Rg', 'StopTime')

DF.display()
0UT2 = DF.groupBy( 'Ron').applylnPandas(run_top_level_faults_applylnPandas, run_top_level_faults_output_schema).cache()

» (1) Spark Jobs

v

B3 scH
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Column ={
Vimag_13
Viph_13
V2mag_13
V2ph_13
VOmag_13
VOph_13
IMmag_1
1Mph_1
12Zmag_1
12ph_1
10mag_1
10ph_1

fault_class

Type

double
double
double
double
double
double
double
double
double
double
double
double

string

Comment

0

® O 0 6060 600606060000 0

Govern Output of MATLAB Model in Unity Catalog

<» Al generate

About this table
Owner Zachary Jacobsen &°
Data source & Delta
Popularity al
Last updated last weak
Size 2.2MIB, 36 files
Quality

Add monitor
Tags

Add tags
Row filter

Add filter

< Al Suggested Description by

The “fault_simulation® table contains data from fault
simulations, including various voltage and current
parameters, |t includes details such as the magnitude
and phase of the voltages and currents, as well as the
fault class. This data can be used to analyze and
compare the performance of different fault classes,
and to identify the impact of various voltage and
current parameters on fault behavior. This information
can be useful for improving the design and
performance of electrical systems.

" Accept £ Edit ) Feadback
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Output continued...

1.2 10ph_1

-43.76099147279311
-58.96895313025194
-28.701253657066538
-46.339389547752276
-44.62491344478943
-55.222329953611066
-37.112247990877904

ABc fault_class

unfaulted
CB3_1_a_g
CB3_1_b_g
CB3_1_c_g
CB3_1_a_b_g
CB3_1_a_c_g
CB3_1_b_c_g

Catalog Explorer » main »

zach_jacobson »

@ fault_locations © r

Qverview Sample Data Details

Data Preview
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3 Bus_Mo
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o | s o
BoW R = D

12%_Coord

1123.6134
1071.0528

1109283

1114.062
1376.8938

1658.841
1362.5574
16663984
15680442
1219.1946

784.3272
1505,9202
1964 6814
1147.5132

Permissions

12 ¥_Coord
3537.993
3176.553

4107.5348
4289.207
4118.487

4123.9638

34096584

34284654

3067.0254

3045.12

2807.2684

36803784

3384.6546

2831.5416

Insight Quality
%5 No_Phases %A B 0
3 1 1 1
1 0 1 0
1 1] | 1
1 i] 0 1
1 0 0 1
1 0 0 1
3 1 1 1
3 1 1 1
1 1 0 0
1 1 0 L
1 1 0 0
1 ] 1 i
3 1 1 1
1 1 0 [
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Blog: Transforming Electrical Fault Detection:
The Power of Databricks & MATLAB

Medium e W &

Transforming Electrical Fault
Detection: The Power of Databricks
and MATLAB

° Zach Jacobson - Foliow

Integration Approach “The entire company on one data and
compute platform in the cloud”
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Introduction

If you are in the Tech industry, chances are you have either heard of
Databricks, MATLAB, or both perhaps. If you haven’, give it a quick google
search and you will find out very quickly.

https://medium.com/ @jacobsonzach? 3/transforming-electrical-fault-detection-the-power-of-databricks-and-matlab-Oaffof2ab 7bf

. MATLAB EXPO
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GitHub: Instructions & MATLAB Code

Paights

INSTALL STEPS_ Matiab.md

. jacobeon)010

Matab Clas
INSTALL STEPS:
Matiab and §

1. #instaling on Mac (if you have a mac install paraliels software for Windows install. Then follow the same

rstructions below): Go to step § once this entire step is complete

(w00 figure 1 Below] S 18 the login 10 your Mathweorks account. Navigate 10 your trial or license,
chick on the downward arrow to download Mathworks product
*After downloading below follow the instructions linked below 10 install and unzip matlab

appeopriately

YOU HAVE TO DO THIS OTHERWISE MATLAB WON'T DOWNLOAD @
wriload MATLAS for Windows
Unzip the downicaded flle, taking note o e temp foider the fles are to be unzipped into (mine

was *_termp_mathab_R2022a_winG4*)

(My cin
\Downloads)_ternp_matiab_R2022a_winG4\binfwin MhWorksProductinstalier)

e. You should be able to tinue with the normal instaliation from here.

2. Hinstaling on Linux: {Go to step 8 once this entire step is complete)

I Launch EC2 instance
& Instad uburtu
b. Configure port for open traf!
Gersarato pom Ml for ssh
Ssh into ec2 instance
ch. jacobson@LAACFYWMWE downloads % chmod 600 matlsd_zj.pem
MWS downloads % ssh -l matiab_zj permn ubuntu@54.67.118.95

For remole SCCess 1O use ubunty W

Remote into ec2 instance with remote deskiop clent
i, Downicad matiab run time from for lnux on 002 instance., (see figure 1 below). This is the logn to

your Matihworks account. Navigate 10 your trial or license.

https://qithub.com/zjacobsonl1016/matlab dbr deploy/tree/main
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The IEEE 123 Node Test Feeder

Kersting, W.H., "Radial distribution test feeders," Power Engineering
Society Winter Meeting, 2001. IEEE , vol.2, no., pp.908,912 vol.2, 2001
doi: 10.1109/PESW.2001.916993

URL:
http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=916993&isnumber=19809

Files describing the network are available at the following URL.:
https://cmte.ieee.org/pes-testfeeders/
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https://cmte.ieee.org/pes-testfeeders/
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Thank youl!
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See mathworks.com/trademarks for a list of additional trademarks. Other product or brand names may be
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