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Predictive Maintenance

ldentify and prevent failures before they occur:

» Reduces unnecessary maintenance
- Eliminates unplanned downtime

Consists of:

= Algorithms to predict Time-to-Failure or
Remaining Useful Life

= |Interfaces to communicate information to
maintenance crew
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Why is Predictive Maintenance Important?

$35M Saved
Unplanned downtime rate reduced by 30%

—r (] - Improved Operating Efficiency
. \\ - New Revenue Streams
] - Competitive Differentiator

e Mainten:;:ene;:.pprnach —
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Industry Agrees that Predictive Maintenance is Important

= Improved operating efficiency

+3) eete
GE Digital @GE_Digital - Feb

What does the future of the #lloT look like? Our CEO @BillRuh_GE
explains in this new interview: stratbz to/gASk308yoP0

StEMENS 2 Follow

Siemens

WALl Thanks to predictive maintenance the #Velaro
pR E trains between Barcelona and Madrid run w/

strategy+busii

CIBILRNNE 99 9% availability #GartnerSYM

m Mlﬂ-’lhwum SIEMENS
Wigh-spoed

Availability guarantee for rail Avoiding plant shutdowns

operators 3 Increased prod
uctivit
> On-time rate up to 99.9% 1

MATLAB CONFERENCE 2017

= New revenue streams

ARB AB,B, G|°b?| 2+ Follow

A game changer that opens the door to
predictive maintenance ow.ly/4nc2TT #llot
#HM16

John Deere uses machine alerts using
#telematics for predictive maintenance and to
lower downtime of assets v3.co.uk/v3-
uk/news/234 ... #loT

vy SAPIloT

2: Follow

John Deere: Technology vendors need to feed agriculture's big data needs
Farmers are hungry for IT solutions

= Competitive differentiator

Intel loT 9 Follow

#DYK predictive maintenance can cut yield
losses by 25%7? Major benefits of #lloT:
intel.ly/2dg70tm

Software Innovations
How to develop a
youtube.com/watck

tool for #PredictiveMaintenance in 1 week?

#lloT #Industry40

-»>

How to develop a data analytics tool in 1 week (Part 1)

A team of data scientists, manufacturing & software experts at Bosch
Software Innovations developed a data analytics tool for predictive maint...
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What should a Predictive Maintenance Algorithm do?

Turn large volumes of complex data into decisions

What is the condition of
my machine?

1l hi ..
Data == EEIPAEIEE  m——— Decision

How do | prevent this
failure?
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MATLAB Helps Build Predictive Maintenance Algorithms

Turn large volumes of complex data into decisions

What is the condition of
my machine?

Data I When W|I1I:arirg machine Decision

How do | prevent this

failure?
Your domain experts Your algorithms can
can do data science run anywhere

Work with
all of your data
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Baker Hughes Develops Predictive Maintenance Software for
Gas and Oil Extraction Equipment

Challenge
Develop a predictive maintenance system to reduce pump
equipment costs and downtime

Solution
Use MATLAB to analyze nearly one terabyte of data and create a
neural network that can predict machine failures before they occur

Truck with positive displacement pump.

Results
» Savings of more than $10 million projected
» Development time reduced tenfold
= Multiple types of data easily accessed
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Predictive Maintenance Algorithm Workflow

Access and Explore Preorocess Data Develop Predictive Integrate Analytics
DEE P Models with Systems

- ™ s ™ s B a ™

Business Data Data Reduction/ Model Creation Enterprise Systems
Transformation

xls : AlB|C MATLAB Excel
E Qe e C/C++

Java Al

Sensor Data Feature Extraction Embedded Devices
a
> o~
a
. J . J _ > L J
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Access and Preprocess Data

Access and Explore

Data

F -
Business Data
xls E
Sensor Data
~ ~
a
N D
a
“ S
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Preprocess Data

Data Reduction/
Transformation

Feature Extraction

o

Develop Predictive
Models

Model Creation

Integrate Analytics
with Systems
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MATLAB £.cc
exe C/C++

Java Al
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Access and Preprocess Data

Access and Explore
Data

Preprocess Data

r N

g N

Challenges
Business Data Data Reduction/

xls E
| have too much data to handle easily

Sensor Data Feature Extraction
| have too many data sources =

r R

| have no data

D
a G :
R = My data is too messy
a )

A 4 b v % s
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Access and Preprocess Data

-

Access and Explore

Data

. (] Find Fiies L
Business Data BN = OB edE 1 W,

Challenges
= | don’t have enough data

= | have no data

PUBLISH

et (2] f ] ~ E @ 2] Run Section @

Advance i

New Open Save Source :
P | NAVIGATE _en |SREAKPOINTS | RUN ‘—.
®

® [ Editor - C:A\Users\abaru\Desktop\AE Work\PdM Demos\Triple_Pump_Data_Gen_Simulink\Individual Fault\Motor Det.. ® X | Workspace
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Preprocess Data

Data Reduction/
Transformation

Current Folder
l &% L «M. v 2 » | dtagenindividualsolo.m | + | Name ~ Value
-XIs Name  DateM..~ » EERS=fuR TD
AlBlc & Function 2 B 1 (-
£ findPea...2/14/2017 7:..| | 2=~ close all
) getFFT... 2142017 7., 4 = clear all L
S Seript §- mdl = 'TripletReciprocatingPump_TX'; 2
#) data_an..2/17/2017 2:... € ~ open_systenm (mdl) ; =
#) data_pr...2/14/2017 ;... T = num=100;
#) data_ge...2/14/20176:... & — data_cell = cell (num,1);
#) test_pre..2/14/20175:... | 9
=1 MAT-file 10 %% Good behavior parameters
[H trained... 2/14/2017 5:... 11
Sensor Data (il dotoce. 210071 12 - Beasingiabeicasion = 0.5
= PNG image 13 - ElectricMotorDecline = 0.5;
. W Recipro.. 2/1/201712. | 14— CloggedLine = le-4;
& Simulink Model 15 =  CylinderLeak = le-7;:
~~ ~~ P4l TripletR..2/16/2017 3., o
‘ ° d ¢ ° v 17 %% Healthy Run -
| K&l - n ” »
- - Command Window ®
N -~ F>>
-~ -~
Ld Ld
Details -~
. o m-| [ seript [tn2 co 1
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Access and Preprocess Data

r "

Challenges

= | have too much data to handle easily
Access and Explore = | have too many data sources preprocess Data
Data

My data is too messy

LIVE EDTOR

Current Folder - ® | |[=] Live Editor - Ci\Users\abaru\Desktop\AE Work\PdM Demos\Triple_Pump._Data_Gen_Simulink\forDistributior\Remaining Us.. (® X | | Workspace ®
XIS & & 5 @ | L« Remaining Ustf.. |0 | tallamays for pumpmix % | + | Name & Value
. i (
e Name Date Modified ~ S — = ]

Business Data G H B a2 B LBR L ez By m—— 2 s Data Reduction/
— et =| Compare GoTo % % e e Hyperiink - P2} Run and Advance .
I R | ..,‘w | e s e s 5 Transformation

I Microsoft Excel Comma Separated Values File =

%] Pump_Data_100.csv 3/17/2017 338 PM

ds = datastore('Pump_Data* csv');

Sensor Data

6] Pump_Data 99.csv
0] Pump_Data_98.csv
0] Pump_Data_97.csv
%] Pump_Data 96.cov
0:] Pump_Data 95.csv
) Pump_Data 94.csv
] Pump_Data_93.csv
0] Pump_Data_92.csv
0] Pump_Data_91.csv
8L Pump_Data 90.csv
B Pump_Data 89.csv
£:] Pump_Data 88.csv

3/17/2017 3:38 PM
3/17/2017 3:38 PM
3/17/2017 3:38 PM
3/17/2017 3:37 PM
3/17/2017 3:37 PM
3/17/2017 3:37 PM
3/17/2017 3:37 PM
3/17/2017 3:37 PM
3/17/2017 3:36 PM
3/17/2017 3:36 PM
3/17/2017 3:36 PM
3/17/2017 3:36 PM

m

Preview Datastore

pre = preview(ds)

Preprocess Data

Change Variable Names

ds.VariableNames = {'Time', 'Speed'};

b e
D N %] Pump_Data 87.csv 3/17/2017 3:36 PM
% e C d Wind ®
’.\ ’.\ B! Pump_Data_86.csv 3/17/2017 335 PM Omimane oo

a
R R

L] Pump_Data 85.csv
) Pump_Data 84.csv
] Pump_Data_83.csv
0] Pump_Data_f2.csv
0] Pump_Data_BL.csv
0] Pump_Dats_80.csv
A5l Pumn Data T9.cov

3/17/2017 3:35 PM
3/17/2017 3:35 PM
3/17/2017 3:35 PM
3/17/2017 3:35 PM
3/17/2017 3:35 PM
3/17/2017 3:34 PM
31772017 2:34 PM

Jr >

tall_arrays_for_pump.mb (Live Script)

Mo details available

NIl | Click and drag ta move Current Folder...

MATLAB CONFERENCE 2017

.

Feature Extraction

.. Lo’




4\ MathWorks

Access and Preprocess Data

Work with all of your
data

Access and Explore
Data

Preprocess Data

Business Data = =1 | 01 — Data Reduction/
= y Em— o T, Transformation
= = (1R ARBRERNN
A= T Y
Files Signals Videos
Sensor Data Feature Extraction
D D : : : =
& = = Point and click tools to access variety of data sources
R A : - -
& = » High-performance environment for big data
L / = Built-in algorithms for data preprocessing L )
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Access and Preprocess Data

- Baker Hughes Develops Predictive Maintenance Software for Gas and
Oil Extraction Equipment

‘MATLAB gave us the ability to convert
previously unreadable data into a usable format;
automate filtering, spectral analysis, and transform
steps for multiple trucks and regions; and ultimately,
apply machine learning techniques in real time to

predict the ideal time to perform maintenance.”

— Gulshan Singh, Baker Hughes

MATLAB CONFERENCE 2017 14



Build Predictive Models

Access and Explore

Data

F -
Business Data
xls E
Sensor Data
~ ~
a
N D
a
“ S
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Preprocess Data

Data Reduction/
Transformation

o

Feature Extraction

Develop Predictive
Models

Model Creation

Integrate Analytics
with Systems

F
Enterprise Systems

MATLAB £.cc
exe C/C++

Java Al

Embedded Devices
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Build Predictive Models

Preprocess Data

4 N ' »

P N
Challenges
» | need to incorporate my domain NG

knowledge
¢

* | need to extract and verify health
Feature Extraction indicators Model Validation

o

Develop Predictive
Models

Data Reduction/
Transformation

Model Creation

= | lack machine learning experience

= | have deadlines to meet

MATLAB CONFERENCE 2017 16
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Build Predictive Models

Preprocess Data Develop Predictive
Models

i ind Fil Insert 75 - H
Data Reduction/ gf o | @ e S £ B B s & Model Creation
. e o [i5) compare v ) GoTo v Comment % : <
Transformation T e -
FILE

Cument Eolder, d b p p_Data Distrib aining Workspace ®
<% EE | L « Remai. v P | | Script2_data_analyze individual_solo.m i | + | N Value AlB]|]C

Name Date Modified ~ [ 1 Ve St B
# Microsoft Excel Comma Separated Values | 2 1
[ DAT File - clear; L
5 Data Base File b o= -
= Function 5 load('data_cell 14-Feb-2017 12_53_43.mat'); |

£ findPeakfrequ... 2/22/2017805PM | €

) getFFTDatam  2/14/2017807PM | 7 -  data cell = flipud(data_cell);:
= Serij B c_1 = [0 0.4470 0.7410];

) Script 1 _data_.. 317/20173:21PM [ 9 - num=100;

=] Scrlptj_da‘a‘mﬁ 3/2/20171225PM | 10 - data_freq_f = cell(100,1);

: © Seap e 3200 22200 |23 del Validati
Feature Extraction i e T T Model Validation
& Live Script 13
B lema o ] ;NG i"WEOd 14 — tout = data_healthy(:,1):

£ Simulink Model o = s =

% TripletReciproc...3/2/2017 5:48 PM 1f 0 your = data nealthy(:,2): = .

"] TripletReciproc...2/23/2017 4:48 PM

Command Window ®
Jr >>
.
el LI ) )\ 1on
———a it vy
R
\ ) Script_2_data_analyze_individual_solo... A (P ) \ )

Jlli+| Click and drag to move Editor... | script [tn4 ca s
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Build Predictive Models

Preprocess Data

Data Reduction/
Transformation

Feature Extraction

o
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Simulink

Easy to use apps across multiple domains
Documentation, examples, and videos to get started

Automatic MATLAB code generation

[

Your domain experts
can do data science

Develop Predictive
Models

Model Creation

4\ MathWorks
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Build Predictive Models

“As a manufacturing company we don’t have data scientists

with machine learning expertise, but MathWorks provided the
tools and technical knowhow that enabled us to develop a
production preventative maintenance system in a matter of

months,”

— Dr. Michael Kohlert, MONDI

3 SAFRAN

Snecma

“...[We] enable engineers to quickly and easily layout
algorithms without special knowledge in computer

science...

— Jérome Lacaille, Safran

MATLAB CONFERENCE 2017 19



Deploy and Integrate

Access and Explore

Data

F -
Business Data
xls E
Sensor Data
~ ~
a
N D
a
“ S
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Preprocess Data

Data Reduction/
Transformation

o

Feature Extraction

Develop Predictive
Models

Model Creation

Integrate Analytics
with Systems

F
Enterprise Systems

MATLAB £.cc
exe C/C++

Java Al

Embedded Devices
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Deploy and Integrate

Develop Predictive Vs ™ Integrate Analytics
ith Systems
Models Challenges with Sys

= | have multiple end users — plant
managers, operations analysts,
maintenance staff, etc.

« B « A

Model Creation Enterprise Systems

2TeTc MATI-AB Excel
= | have to allow access through oo C/C++
‘) different target platforms " Java i

Model Validation » | need to scale to meet production Embedded Devices
needs _ R

= | need to reduce bandwidth
consumption
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Deploy and Integrate

Develop Predictive

Models

Y 4 N [# Predictive Data Analytics X

& > C | ® ec2-54-165-201-58.compute-1.amazonaws.com:8080/DemandFor dexjsp # O 8 0O

Model Creation

-~ .
Predictive Data Analytics
This website tightly integrates MATLAB analytics with web technologies

for demonstrating predictive data analytics models in production with live

) data.

Get started »

Model Validation

Demand Forecasting Web Service Information App Documentation
Forecast electricity demand for US power grids with live Documentation on end points and query parameters for Documentation of the entire web application and its
data from ISOs and weather stations using Neural demand forecast web services components
Network models. Forecasts can be compared to past
data as well as normal weather. Prediction bands at Read more Coming soon!
different confidence intervals also quantify uncertainty in

4 forecast.

Start »
|
% Vg

© 2014 The MathWorks, Inc
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Integrate Analytics

with Systems

Enterprise Systems

MATI-AB Excel
exe C/C++

Java Jdll

Embedded Devices
- m
<,
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Deploy and Integrate

run anywhere

Develop Predictive MATLAB + SIMULINK Integrate Analytics
Models Compiled Applications with Systems

{ Your algorithms can

b Y

4

4 {I_{}Standalone 4

{+Application

Model Creation Enterprise Systems

—=] MATLAB

T QOGO MATLAB 6
oxe C/C++
‘) Embedded Hardware  Enterprise Systems Java I
Model Validation Embedded Devices

» Royalty-free deployment

= Web services, apps, and cloud platforms Q: m
= Computation on smarter edge devices »v,
L

= Automatic C/C++ code generation
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Deploy and Integrate

“The protection algorithms for our conventional HVDC system
took about six months to develop and test in C. | re-implemented
the same algorithms in Simulink and Stateflow and had them

working in a single week.”
— Anthony Totterdell, Alstom Grid

“‘Using MATLAB and MATLAB Compiler, | can develop an
application at least 100 times faster than | could with Visual
Basic or C. The time we saved on the very first application that
we wrote in MATLAB more than paid for the software.”

— Roger Schultz, Halliburton Energy Services

MATLAB CONFERENCE 2017
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Summary: MATLAB Helps Build Predictive Maintenance Algorithms

can do data science run anywhere

{ Your domain experts { Your algorithms can

Work with
all of your data

Access and Explore Preorocess Data Develop Predictive Integrate Analytics
Data P Models with Systems

4 \ r N 4 ™ 4 ™
Business Data Data Reduction/ Model Creation Enterprise Systems
Transformation
ATETC MATI-AB Excel
NET
exe C/C++
Java Al

Embedded Devices

=
£y =3
“

Feature Extraction

o

< U « J N r
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