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What is Predictive Maintenance?
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What Does a Predictive Maintenance Algorithm Do?
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Predictive Maintenance Toolbox for Developing Algorithms
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Predictive Maintenance Toolbox

Design and test condition monitoring and predictive
maintenance algorithms :

® Waich video § Download a free trial

Predictive Maintenance Toolbox™ lets you label data, design condition indicators,
and estimate the remaining useful life (RUL) of a machine.

The toolbox provides functions and an interactive app for exploring, extracting, and
ranking features using data-based and model-based techniques, including statistical,
spectral, and time-series analysis. You can monitor the health of rotating machines
such as bearings and gearhoxes hy exiracting features from vibration data using .H
frequency and time-freguency methods. To estimate a machine's time to failure, you | l { I i\ I 5;:

can use survival, similanty, and trend-based models to predict the RUL.

You can analyze and label sensor data imperted from local files, cloud storage, and
distributed file systems. You can also label simulated failure data generated from
Simulink” models. The toolbox includes reference examples for motors, gearboxes,
batteries, and other machines that can be reused for developing custom predictive
maintenance and condition monitoring algorithms.
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How are MathWorks Tools Used for Predictive Maintenance?

Use of MATLAB in post-processing of :
offshore measurements Statoil

2| ocean Inc ' == = = Statoil. The Power of Possible

A

“...Subject Matter Expert Familiarity...” “... [MATLAB is] Popular across the company...”

@ Mercedes-Benz

AEROSPACE -DEFENCE - SECURITY

‘mondi


https://www.mathworks.com/videos/condition-and-performance-monitoring-of-blowout-preventer-bop-at-transocean-1545303832202.html
https://www.mathworks.com/videos/use-of-matlab-products-in-the-postprocessing-of-offshore-measurement-data-119967.html
https://www.mathworks.com/videos/presentation-of-a-platform-for-the-development-of-aircraft-engine-monitoring-algorithms-samanta-100492.html
https://www.mathworks.com/company/user_stories/mondi-implements-statistics-based-health-monitoring-and-predictive-maintenance-for-manufacturing-processes-with-machine-learning.html

Workflow for Developing a Predictive Maintenance Algorithm

Machine Learning

Acquire Preprocess Identify
Data Data Features

Deploy &
Integrate

4\ MathWorks
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why MATLAB & Simulink for Predictive Maintenance

Reduce the amount of data you need to store and transmit
Explore approaches to feature extraction and predictive modeling
Deliver the results of your analytics based on your audience

Get started quickly...especially if you are an engineer

&\ MathWorks
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why MATLAB & Simulink for Predictive Maintenance

Acquire
Data

Preprocess
Data

Reduce the amount of data you need to store and transmit

Identify
Features

Deploy &
Integrate

4\ MathWorks
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Challenges: How do you make sense of the ALL the data being
collected?

- 1day~1.3GB Pump flow sensor 1 sec ~ 1000 samples ~16kB
*r |I||.I ..I|.I ]|| ll]l .I.;.I i

- 20 sensors/pump ~26 GB/day Mw : m il b bbbl b i
= 3 pumps ~ 78 GB/day 3“735” Mm% @@i
il W -

= Satellite transmission 0k )’
— Speeds approx. 128-150 kbps, ok ] v ' N “
_ Cost $1,000/ 10GB of data “

\WWM \m WWWM |

A0k

= Needle in a haystack problem
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Diagnostic Feature Designer App
Predictive Maintenance Toolbox R2018b & R2019a

4\ Diagnostic Feature Designer - Power Spectrum: pressure_ps/Data
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[ FEATURE DESIGNER SIGNAL TRACE

J Hd & D

Open Save  Import Signal Trace

FILE |
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i) Signal trace plot for "flow/Data" is in focus.
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normal cycle

test cycle
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Daimler are Using MATLAB Today for Anomaly Detection

Algorithm principle

N\
/|

Algorithm principle

Atl At2 At3
pattern deviation

- rd

\V

1|2 £
— ~ \ Y = At1 | At2 | At3 | Time deviation

1
|
| , o
J_\ N\ R ] N\ time deviation No | No [ Yes | Pattern deviation
<> <>
t1 t2
Cycle can be described as sequence Pattern matching through shift of * Decription of a cycle as feature * Time and pattern deviation
features f1, 2, f3 feature along time axis (At7, sequence for each feature are used
At2, At3): minimization of SRS . as characteristic numbers for test cycle

Each cycle can show some delays in For each feature time and pattern
time t1, t2 deviation can be calculated

—> Data reduction!
Mercedes-Benz @ (Ol ngenieurtir

X ) Dr. Tarck Ingenieurbiiro
Mercedes-Benz @ ‘ Data Science Predictive Maintenance using MATLAB: Pattern Matching for Time Series Data 28

Data reduction of time series by a factor of 250x without a significant loss of information
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https://de.mathworks.com/content/dam/mathworks/mathworks-dot-com/company/events/conferences/automotive-conference-stuttgart/2018/proceedings/predictive-maintenance-with-matlab-pattern-matching-for-time-series-data.pdf
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Value of the Data v/s How Old is the Data

Near real-time

decisions
1

~~
o
2>
£
(e
>
o 2
-
D_D.

Value of data to decision making

— Time

Real-Time  Seconds Minutes Hours Days

Months
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why MATLAB & Simulink for Predictive Maintenance

Acquire
Data

Preprocess
Data

Identify
Features

Explore approaches to feature extraction and predictive modeling

Deploy &
Integrate

4\ MathWorks
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Fault Classification Algorithms Allow You to Identify the Root
Cause of Anomalous Behavior

= Three-phase pump commonly used
for drilling and servicing oil wells

— Three plungers try to ensure a uniform
flow

= Condition monitoring to detect:
— Seal leak
— Inlet blockage
— Bearing degradation

20
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Fault Classification Algorithms Allow You to Identify the Root
Cause of Anomalous Behavior

= Three-phase pump commonly used
for drilling and servicing oil wells
— Three plungers try to ensure a uniform

> :~"::- ’
)
flow
& X
4 "A
N A 1 e 5
¥ s L
i § at
y a < ’
& ¢
P

Pressure & Flow
Sensor

* Outlet
= Condition monitoring to detect:
— Seal leak
— Inlet blockage
— Bearing degradation Crankshaft
. . . Inlet
- |ldentify fault present in system using / e

only pressure and flow sensor data
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Generate Synthetic Failure Data from Simulink Models if Real
Failure Data is Unavailable

= Model failure modes

— Work with domain experts and the data B“gdl
_ m
— Vary model parameters or components Simulink Model
Generated
Sensor Data = Failure Data

= Customize a generic model to a

specific machine
model

— Fine tune models based on real data 1
— Validate performance of tuned model

Inject Failures

Incorporate
failure modes

22



4 Diagnostic Feature Designer - Signal Trace: flow/Data

r FEATURE DESIGNER SIGNAL TRACE VIEW
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Estimate Remaining Useful (RUL) to Determine When You Should
Perform Maintenance

RUL: 459 hours
(95%CI: 374-558 hours)

90

40 - Threshold

W
o
I

RUL probability
distribution

Health Indicator
Mo
=

Prediction

Observed

10
End of measurement

| | | |
0 10 20 30 40 50 60 70
Time (day) 24
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Baker Hughes Develops Predictive Maintenance Software for

Gas and Oill Extraction

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 machine learning model that can predict
failures before they occur

Results
= Savings of more than $10 million projected

= Development time reduced tenfold
= Multiple types of data easily accessed

Link to user story

Truck with positive displacement pump.

‘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

25


https://www.mathworks.com/company/user_stories/baker-hughes-develops-predictive-maintenance-software-for-gas-and-oil-extraction-equipment-using-data-analytics-and-machine-learning.html

why MATLAB & Simulink for Predictive Maintenance

Acquire
Data

Preprocess
Data

Deliver the results of your analytics based on your audience

|[dentify
Features

Deploy &
Integrate

4\ MathWorks

26



4\ MathWorks

Challenges: Delivering results to your end users

Fle Ui Tener Ban

« Maintenance needs simple, quick
iInformation
— Hand held devices, Alarms

= QOperations needs a birds-eye view Dashboards
— Integration with IT & OT systems

= Customers expect easy to digest
Information
— Automated reports

Fleet & Inventory Analysis 27



Predictive Maintenance Architecture on Azure

7 A 4 \
Edge Production System Analytics Development
MATLAB MATLAB

s || /4 Azure r _ VU ot

MATLAB Production Server =]

Worker processes /’) ‘ |

! ‘.‘ = (=

“N = : Request | <ummmmmmmm am A\
m Broker Algorithm
Developers
Connector ‘\ . P
\. Package
e \ y & Deploy
ﬁ ‘ L Model )
* Business Decisions
Apache SyStem ( N ] H
+ St State Persistence
% elastic ‘ kibana D L'
( o — End Users
Storage Layer \_ Presentation Layer ) T@%
J

4\ MathWorks
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<« Cassandra

Databases PSQL Server
mongo )b
Cloud
Storage
ebservices™
cloudera
Big Data / HORTONWORKS'

OT Platforms @ OSl-oft.
Pl System

MATLAB

Aws s

Kinesis

Azure 1
88 kafka  loT Hub ':}';

ATLAB Production Server @ OSl:oft.
Pl System

+++
tf+tableau

Qlle © Spotfire

Streaming

OT Platforms

Dashboards



why MATLAB & Simulink for Predictive Maintenance

- Get started quickly...especially if you are an engineer

4\ MathWorks
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MathWorks can help you get started TODAY

« Documentation & Examples

= Workshops

= Training

= Consulting

= ... Booth!

Documentation A1 More -

= CONTENTS

Predictive Maintenance Toolbox

Search Help

Design and test condition monitoring and predictive maintenance algorithms

Predictive Maintenance Toolbox™ lats you label dat [ BLOLe B gg = g 1F=11[e]  TN:U NI TR Search Help

and estimate the remaining useful life (RUL) of a mac

The toolbox provides functions and an interactive ap
ranking features using data-based and model-basec
spectral, and time-series analysis. You can monitor t|
such as bearings and gearboxes by extracting featu
frequency and tme-frequency methods To estimate
can use survival, similarity, and trend-based models

You can analyze and label sensor data imported fror
distrbuted file systems. You can also label smulated
Simulink® models. The toolbox includes reference
batteries, and other machines that can be reused for
maintenance and condition monitoring algorithms.

Getting Started
Learn the basics of Predictive Maintenance Toolbox

Manage System Data
Import measured data, generate simulated data, org

Preprocess Data
Clean and transform data to prepare it for extracting

Identify Condition Indicators
Explore data at the command line or in the app to ide

Detect and Predict Faults
Train decision models for condition monitoring and fe

Deploy Predictive Maintenance Algorithms
Implement and deploy condition-monitoring and prec

= CONTENTS

Detect and Diagnose Faults

Fault Diagnosis of
Centrifugal Pumps Using
Steady State Experiments

Use a model-based approach for
detection and diagnosis of different
types of faults in @ pumping system.

Open Live Script

Q=

Analyze and Select
Features for Pump
Diagnostics

Use the Diagnostic Feature Designer
app to analyze and select features to
diagnose faults in a triplex
reciprocating pump

Open Live Script

or pump w
hanics

werse pump
1p model model

e
Fault Diagnosis of
Centrifugal Pumps Using
Residual Analysis

ik,

Use a model parity-equations-based
approach for detection and diagnasis
of faults in & pumping system

Open Live Script

Friction Chaeege Datestion
e |

"

w

t ]

Vot o, -~ T

" N

s

I

Fault Detection Using an
Extended Kalman Filter

Use an extended Kalman filier for
online estimation of the friction of a
simple DC motor. Significant
changes in the estimated friction are

Open Script

g 'P" & el o) ¥
= e o=
o =—Ql & "!
wiedl | = ) o~ | g
i PO men ™ ¥ e
= 3 =1
Crark] 3 ‘ T
ol bk
Housng Rvoiute Crark a
Y
'\ .

Multi-Class Fault Detection
Using Simulated Data

Use a Simulink model to generate
faulty and healthy data, and use the
data to develop a multi-class
classifier to detect different

Open Live Script

Power (46

4 R
Fault Detection Using Data
Based Models

Use a data-based modeling
approach for fault detection

Open Script

4\ MathWorks




