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Key Takeaways

= Incorporate familiar MATLAB capabilities, including Predictive
Maintenance and Drift Detection, in operations

= Integrate with production systems like data sources and dashboards, and
translate those integrations from desktop to cloud servers

« Automatically build, test, package, and deploy MATLAB code and
Simulink models with CI/CD
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Example:

Predicting Battery State-of-Health

Fleet of electric buses
Maintenance is expensive. Could we do a

better job predicting when batteries need

replacing?

% Variables - observations
obhservations

HTD 1800x7 timetable

Started gathering telemetry data on batteries

MATLA

timestamp

EYRN =2 T ., B - PR X I

01-Nov-2021 00:...
01-Nov-2021 00:...
01-Nov-2021 00:...
01-Nov-2021 00:...
01-Mov-2021 00:...
01-Mov-2021 00:...

M1 Kl 2021 MM

1
Current
2.6869
2.6872
2.6876
2.6879
2.6882
2.6885

2
Voltage
7.4436
7.4426
7.4417
7.4408
7.4399
7.4390

TTTTT

3 4
Temperaturel Temperature?

333.1463 332.7619
333.1317 332.3924
333.1073 332.0405
333.0740 331.7048
333.0327 331.3844
332.9843 331.0783

???????

???????

5
50C_EBl
0.4995
0.4990
0.4985
0.4980
0.4975
0.4970

N AGET

5oC_B2
0.4995
0.4990
0.4985
0.4980
0.4975
0.4970
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@ MATLAB Window Help H & 4 w3 7 Q g FriApr14 11:07 AM
® ® MATLAB R2023a

T’Y e i I

:\_jLJ 3 H (i Compare v W « & % & %3 & Profiler t _.jSecoonlruk l) @>
=  Find ~ (2] o 1o P2} Run and Advance
New Open Save =5 Primt ~ GCoTo Refactor L& Analyze Run Run Step Stop
- - . v [ Bookmark ~ v Vg~ Section £} Run to End -
FILE NAVICATE CODE ANALYZE SECTION RUN -
@ % I gl ¥ B/ » Users » sdeland » MATLAB » projects » DriftDetection » BatteryHealthSystem » SoHPrediction » M
Project - SoHPrediction ® x |Workspace B Editor - /Users/sdeland /MATLAB/projects/DriftDetection/BatteryHealthSystem/SoHPrediction /predictSoH.m
Views All Project (55) Modified (1) » Y Layout:  Tree & f predktSoH.m ISoHPved{nlonUn’ltTests.l:n + 7
_ B Name & Status Git Classification 30 observations = state.observations(rows(1:params.kafkaRowSize),:); ©@
&2 Dependency Analyz¢ ?3‘35."“"“ vis ¢ 31 state.observations(rows(1:params.kafkaRowSize),:) = [];
i Vo ' 32 else
Packagi . s
!ap:fl,:?f.::,?,l,m TJ ; 33 prediction = timetable.empty;
shutdown v . 34 return;
startup v . 35 end
B0 Testing vy . 36
o : @ Desi )
,ﬂg:;:zé:,"“.m : . De:;g: 37 % Extract features from raw observation data
README.md v s 38 observations.Properties.DimensionNames(1) = {'Time'};
39 features = diagnosticFeatures(observations);
40
410 % Make the SoH prediction, if the feature data is reasonable. Set prediction
42 + % to empty if the feature data has NaN or Inf in any column.
Labels A 43 featureValyes = table2array(features);
Git v 44 if any(isrpn(featureValues)) || any(isinf(featureValues))
Current branch: main 45 SoH ="NaN;
Branch status: . d R
Normal 46 prediction = timetable.empty;
Coincident with 47 else
f Srigin /oty 48 % Load the model
49 mdl = getModelFromRedis(batteryID);
Details ~ 50 x
: 51 % Make the prediction
Current Folder Command Window ® |52 SoH = predict(mdl, features);
fi >> 53 prediction = timetable(observations.Time(end),SoH);
54 end
55
56 % Cap SoH to 1
57 |
58
59 % Write the resulting SoH to Prometheus (prints to command line when
60 % run locally
61 if ~isnan(SoH)
62 prodserver.metrics.setGauge("battery_soh_" + batteryID,SoH)
63 end
64
65

e Zoom: 125% UTF-8 LF predictSoH Ln 57 Col S
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Create a SoH prediction function using domain-specific tools for
engineering data and predictive maintenance
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Data Exploration Feature Extraction Machine Learning



HOME PLOTS APPS LIVE EDITOR

INSERT

VIEW

MATLAB R2022b

Try the New Desktop K €. & Ml Q. Search Documentation

= [=] (A \ Variable v > > Analyze Code [ Preferences 7~y (¢34 Community
E [E of O grdmes & WY = - G B @ & @8
5 tig Save Workspace : £ Run and Time > (5 Set Path (5} Request Support
New New New Open [{Z|Compare Import Clean ° Favorites Simulink = Layout Add-Ons Help
Script Live Script v v Data Data [Zp Clear Workspace v - [ Clear Commands v v |l parallel » - v  [Zl Learn MATLAB
FILE VARIABLE CODE SIMULINK ENVIRONMENT RESOURCES
<@ = & gl % £/ » Users » sdeland » MATLAB » projects » BatteryHealthSystemDevelopment » DevelopingBatterySoHPredictor »
Workspace ® | Command Window B Live Editor - BuildingSoHPredictionModel.mix
Name & Value - | BuildingSoHPredictionModel.mlx [+ ]

Current Folder
E Name v

) trainRegressionModel.m

#) diagnosticFeatures_Historical.m

) diagnosticFeatures.m

tH DFD_App_SessionData.mat

t currentModel.mat

# BuildingSoHPredictionModel.mix
TrainingData

7 Models

= log A

Details

Battery State-of-Health Prediction

Battery State-of-Health (SoH) prediction is important for making sure batteries have not degraded beyond their useful range, and for
estimating the capacity of the battery. Making accurate SoH predictions is challenging due to the complex , and difficult-to-anticipate
duty cycles that the battery will be subject to in normal operation.

Load historical data
We use historical data from several batteries to build our model. We format the data as an "ensemble", which helps us keep the data
organized by the battery that it came from.

1 location = fullfile("TrainingData","batteryx.mat");
2 extension = '.mat';
3 fensemble = fileEnsembleDatastore(location,extension);
4 fensemble.ReadFcn = @readBatteryData;
5 fensemble.DataVariables = ["Current","Voltage","T1","T2","SoC_B1","SoC_B2","SoH"];
6 fensemble.SelectedVariables = ["Current","Voltage","T1","T2","SoC_B1","SoC_B2","SoH"];
7 batteryData = readall(fensemble)
Look at SoH by battery
8 figure
9 hold on
10 for i = 1:height(batteryData)
11 plot(batteryData.SoH{i}.Time, batteryData.SoH{i}.Varl, DisplayName=num2str(i));
12 end
13 legend show
14 title('State of Health by Battery')

[ Zoom: 150% UTF-8 LF script Ln 1
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FEATURE DESIGNER QIR V:IRBANI VI NP4

q}, | ﬁ g E E | I Frame Policy | Filt(-?ring & Avera?ing - Q L» ﬂ &
New Open Save Auto Plot Signal Trace  Ensemble =2 | @ Ootions B4 Residue Generation ~ Time-Domalni Frequen Yarmals Rank Export
Session Session Session @ Features = Options | Summary [ ) 4 Spectral Estimation ~ Features ~ Fe S = Features v -
FILE AUTO PLOT | COMPUTATION DATA PROCESSING FEATURE GENERATION RANKING EXPORT |
¥ Variables © |5 Ensemble Summary: Current/Var1 x || Histogram: FeatureTable1 » |
Current Frame Policy: FRM_1 (Size: 1800, Rate: 1800)
Current independent Variable: Time (seconds)

bl

= ¥ Ensemble Summary
{4 Signals 10

~ Full Signal
~ Current

~ [ Spectra i
~ Frame (FRM_1)
~ Voltage_ps HHHAAH huuu HIUHHA f i i uuhu H
[ SpectrumData 2 i
~ (i Features
~ FeatureTable1
~ Current_sigstats o 4
PeakValue
ShapeFactor
~ SoC_B1_sigstats 2
ClearanceFactor / / y
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Kurtosis
PeakValue
SNR
~ SoH_sigstats
Mean
~ Voltage_ps_spec
BandPower 0 05 1 15 2 25 3 35 4
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v Details o
Derived From: Imported ] I I
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(7)1 Tree Draft
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Typical authoring workflow

Click the ‘Package’ button and
wait for the compilerto generate

the deployable archive

N

.ctf file

MATLAB Compiler SDK

4\ MATLAB Compiler SDK - Untitled 1.prj*

COMPILER

Archive information

simplnterest

Files required for your archive to run

Files packaged with the archive

MATLAB Production Server

) MathWorks* MATLAB Prodt

Search Menu

== Servers Overview Applications Logs

—
== localnost
+Deploy  ~

== MPSsDemo

MPSDemo

Xi

isting

~ @l Applications Upload and Deploy New Archive
B sonoroos

B smpinerest

) simplnterest/
Help

BondTools/

Showing 110 2 of 2 entries

Settings

Copy .cftf file into the

auto_deployfolderoruse
web dashboard

[#] readmetct [4] simplnterest.ctf
Targetret Lized and risk b
Target
% obt: with targeted retur
augt = estima TargetReturn/12);
[arsk, aret] P, awgt);
bugt = estimaterrontiersyRisk(p, TargetRisk/sqre(12));
[brsk, bret] stinatePortiiomer
% Plot efficient frontier with targeted portfolios

e1f;

portfolicexamples_plot('Eff:

urn', 108 Targetae
% Risk',108"TargetRlsk
ter', sqrr(diag(p.AssetCovar)), p.Assetmean, p.Assetiist, '.r'});

I=S)Bli=: Deployable Archive (.ctf) ) simplnterest.m =3
{"j = (5 Deployable Archive with Excel Integration b @ <~ %
New Open Save | ‘ _ Setings Test Package
~  Project v = Client
ExORTH FUNCTIONS

FiLE 1 TYPE 1

MATLAB
code

MATLAB BEXIPO

MATLAB

for k=1l:max
= fft(da
vy = 20*log

e
Code/ test

x
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Example reference architecture

MATLAB EXP

N\ [ N\
Edge Production System Analytics Development
Ingest data
MATLAB MATLAB o
Compiler SDK = @
~ _ ~ 4 |[= — g
{ MATLAB Production Server — _ . H
o N _
/I\ Worker processes L Algorithm
‘ Package Developers
Model
Event Hub / o
loT Hub /|| mems : Request
Kafka : Broker
\ v, Business Decisions
+ 1 T Dashboard
e i =
DATABASE = H
tis End Users
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A scalable production system running on the cloud,
using industry standard tools

\& Git Repository
GitHub® Actions CI/CD

4 S

Pl [Run tests, build and push CTF Archive]

Desktop MATLAB

Training Daia
Reset System Operation

Azure® File Share CTF folder

e —

_@ Kubernetes® Cluster on
Azure Kubernetes Service

Redis®
( Model Cache
g Battery Models
' } Y
Periodic Drift Detection Job \b
Pull data from streaming topic - Time Se_r\_es Database
I Detect Drift } Training Data

ﬁ{ Predict State of Health ‘ Dashboard

L ]
. Apache Kafka® MATLAB Production Server

° Messaging Service Prometheus®
Metrics

Observations ; ————
Predictions T@ oo
MATLAB Production Server Battery Models PN C=n]
] Kafka Connector \ ’
Battery Telemetry _ Grafana®
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A scalable production system running on the cloud,
using industry standard tools

Deploy MATLAB Production Server in containers on cloud infrastructure

Battery Models
ﬁ{ Predict State of Health

MATLAB Production Server ﬂ

MATLAB EXPP

14



A scalable production system running on the cloud,
using industry standard tools

GitHub® Actions CI/CD

el

[Run tests, build and push GTF Archive]

Automate build, test, and deploy
using source control and CI/CD } —

Health
MATLAB Production Server ﬁ

MATLAB EXP
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A scalable production system running on the cloud,
using industry standard tools

Run analytics on live streaming data

ull data
Detect Drift
MATLAB Production Serve Battery Models
Kafka Con c‘t
%‘ Predict State of Health ‘7

MATLARB Production Server 6

16
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A scalable production system running on the cloud,
using industry standard tools

Expose valuable metrics to business stakeholders using
industry-standard dashboard integrations

17



MATLAB EX

A scalable production system running on the cloud,
using industry standard tools

GitHub® Actions CI/CD \K
s o,
Za0) T = iieg

Desktop MATLAB

Retrain models using observed data ,%Eem
and easily update those in production

_%{ Predict State of Health ‘ —_—

MATLAB Production Server ﬂ
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State of health algorithm in production

Production System

« Recelve sensor data as kafka stream

- Load battery model from Redis cache
= EXxpose metrics with Prometheus

= Save data and predictions to database
Local testing

= Mock dependencies

Redis®
Model Cache

e

Model

Sensor

N

Apache Kafka® data J
Messaging Service ,-rL

[(3) Predict state of Heaitn }

Data
+ SoH
~ |
-
Time Series Database
Training Data
Observations
Predictions
SoH
~
-

MATLAB Production Server

Prometheus®
Metrics

19



LAB R2023a o
EDITOR PUBLISH EW [ Search Documentation p_

New Open Save &iprint v Go To Refactor Insert Run Tests Run Current Step Stop
=l el i v [ Boockmark ~ v Fi~ Lof Analyze Method ¥ Ponmeters' Se(hon RnntoEnd - Test
FILE NAVIGATE CODE ANALYZE TEST SECTION RUN
&% H gl & T » G » Development » Github » esteiner » Battery-Health-Estimation-Streaming-Demo » BatteryHealthSystem » SoHPrediction »
Current Folder (O d Editor - SoHPredictionUnitTests.m ™ x _‘;‘;};t Tc?l‘—)leglgtlcn ' Test Browser
) Name  Git | SoHPredictionUnitTests.m < | predictSoHm % | 4 | v D f
| Folder B
@ 23 Data.. ° 10 end @ - a tests SoHPredic
; I:n:dA 11 (@ tests SoHPre
@ T Pack... - 12 methods (Test)
f ::: : 13 [- function smokeTest(testCase)
8 Mnso,. - 14 % Test Kafka streams
oS-, | 15 inKS = testStream(Rows=params.kafkaRowSize);
# startup - = g
@ T Testi... - 16 s = load(fullfile("Testing"”,"sampleData.mat"));
Details ~ 0 37 data = s.observations;
CommandHatoy ©]| 18 writetimetable(inkS,data);
ctrl = mps... 19
= stop(ctrl): o . W . =
mps.cache.... | | 20 | esp = eventStreamProcessor(inkS. @oredictSoH. @initRedis. ...

params.kaf...
Command Window ®

W
S Using mock function for writeToInfluxDB.

Name « V.

Done tests.SoHPredictionUnitTests

fx oo

V"l.'
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Write SoH prediction function to use kafka streams

Simulate streams with Use production Kafka
e inMemoryStream streams with
* testStream kafkaStream

- F s ,@ 4 A
zé Current_sigstats/ShapeFa ‘ M ATL AB
. o Production
L . MATLAB f(X) Server
54 prediction = timetable(observations.

\ 2l - Desktop - - /

Debug locally, then deploy the same MATLAB code to production.

21



MATLA

Automatically build, test, package, and deploy MATLAB code

% esteinerMW / Battery-Health-Estimation-Streaming-Demo ' Private ©Watch 0 ~ ¥ Fork 2~ Y oStar 1|~
forked from mathworks/Battery-Health-Estimation-Streaming-Demo
DESIGN DEPLOY
<> Code 11 Pullrequests () Actions [ Projects [ wiki C
: g
< Build and upload deployable archive (CTF) to MATLAB Production Server - Name: Ru n M AT LAB b ul | dtOOI W OPERATE
© update battery dashboard #19 uses: matlab-actions/run-build@v1 & _
Development & Operations
(M Summary Wlth: BUILD P
o L3 &
# tasks: packageDriftDetection %,
« 2 4
© bl BN packageSoHPrediction o .

@ Reset Demo Operations
Run actions/checkout@v3

Run details
@ Usage
59 Workflow file

Setup MATLAB Support Packages

Setup MATLAB

function plan = buildfile

plan = buildplan(localfunctions);
o o plan("packageDriftDetection").Dependencies= "test";
e plan("packageSoHPrediction").Dependencies= "test";
Azure CI script - upload CTF 10 a file-share plan("test").Dependencies= "validate";

Post Run actions/checkout@v3 e n d

Run MATLAB buildtool

» Run matlab-actions/run-buildgvl

Complete job

22
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MAT

Probability (%)

The static data assumption rarely holds in the real world

() () ()
Distribution of Temperature Data
12 : : : :
mFurope

104 L d
8f L
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MATLAB

Developing drift detection with detectdrift

= Use historical data (training data) to
create a baseline distribution

= Generate synthetic data to test for drift

— This will be replaced by streaming data in
the production system

«  Qut-of-Distribution Detection for Deep
Neural Networks

B Live Editor - /Users/sdeland /MATLAB/projects /BatteryHealthSystemDevelopment/DevelopingDriftDetector/BuildingDriftDetecto|
_I BuildingDriftDetector.mlx |+ |

50 figure;
51 plotDriftStatus(ddiagnostics)

Estimated P-Values and Confidence Intervals

FRM_1/Voltage sigstats/SNR - =i 1
FRM_1/Voltage_sigstats/PeakValue -

FRM_1/Voltage_sigstats/Kurtosis -

FRM_1/\Voltage sigstats/lmpulseFactor [-

i

FRM_1/Voltage sigstats/CrestFactor

FRM_1/Voltage_sigstats/ClearanceFactor
FRM_1/Voltage_ps_spec/BandPower -

FRM_1/S0C_B1_sigstats/SNR |-

ke Stable g
Warning

= ®  Drift il
‘Warning Threshold

== == = Drift Threshold B

FRM_1/SoC_B1_sigstats/PeakValue -

Variable Names

FRM_1/SoC_B1_sigstats/Kurtosis -

FRM_1/ScC_B1_sigstats/ImpulseFactor |-

FRM_1/SoC_B1_sigstats/CrestFactor |-

FRM_1/SoC_B1_sigstats/ClearanceFactor

FRM_1/Current_sigstaits/ShapeFactor [

FRM_1/Current_sigstats/PeakValue [

] 0.2 0.4 0.6 0.8
P-Values

Conclusion
In this example we looked at the effect of different samples of data on our drift detection results. While we only had baseline data to
that we could use to validate our approach. If you have measured data for both "normal” and "drift" states, you can use that to tune |

26


https://kr.mathworks.com/help/deeplearning/ug/out-of-distribution-detection-for-deep-neural-networks.html
https://kr.mathworks.com/help/deeplearning/ug/out-of-distribution-detection-for-deep-neural-networks.html

Update model when drift is detected

-

~

Data
labeling

!

Development Operations

(

\
Drift Detection

MATLAB EXPPO
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Update model when drift is detected

-

Data )

labeling
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MATLAB EXPPO
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Diverse teams across Engineering, IT, Line of Business, and
Operations must collaborate to achieve success in DevOps

-

$ :
ah
Systems Ops Engineer

‘ Engineer
-k
Controls
Engineer

A
_ Industrial
PN Development Operations Engineer
Data
Scientist ‘
4k
ﬂ Process
Engineer
IT Software
Engineer
- b
Embedded
Engineer

Icons made by Freepik from www.flaticon.com

MATLAB EXIPO
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Key Takeaways

= Incorporate familiar MATLAB capabilities, including Predictive
Maintenance and Drift Detection, in operations

= Integrate with production systems like data sources and dashboards, and
translate those integrations from desktop to cloud servers

« Automatically build, test, package, and deploy MATLAB code and
Simulink models with CI/CD

30
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4 MathWorks® v

n Soksons

Enterprise and IT System:

MATLAB and Simulink in Enterprise IT

Deliver operatior alue with IT and Line of Business collaboration

T organization play; lein

T and engineering work together to deliver tangible business re:

new digital products and service:

MATLAB and

Simulink with IT provid

value.

How MATLAB and
Simulink are used with
Enterprise IT

https://www.mathworks.com/solutions

[enterprise-it-systems.html

Cl/CD Resources

Use MathWorks Products in your Continuous Integration Pipelines

Server

€ Bamboo  Jenkins  CI/CD Azure Pipelines

2

O @

circleci  Travis

On-Premise from

R2013b

provides (7) cl

Cloud Hosted from

R2020a

to reduce risk and simplify use and setup. From

on premise integrations to now cloud integrations, and hybrids in between, we have you supported.
MathWorks customers can use our one of our published integrations or you can create your own

integration to any 3rd party platforms.

CI/CD Resources

https://www.mathworks.com/

solutions/enterprise-it-
systems/ci-cd.html

@\ MathWorks®  products Soltons  Academia  Support  Com

MATLAB and Simulink in the Clo

Using MATLAB and Simulink in the cloud enables engineers and scientists to speed up their development processes by

providing on-demand access to enhanced compute resources, software tools, and reliable data storage. You can:

* Open MATLAB and Simulink in a web browser using MATLAB Online and Simulink Online

+ Connect to cloud data and other services from Amazon Web Services” (AWS®), Microsoft Azure®, and more

+ Scale long-running and 10 CPUS, GPUS, o comp in the cloud
g TLAB with cloud 1 tegration (CI) systems to automate code lesting and improve code
quality

- Deploy MATLAB and Simulink models and incorporate custom MATLAB and Simulink analytics into cloud-based

applications without recoding in other languages

MATLAB and
Simulink in the
Cloud

https://www.mathworks.com/
solutions/cloud.html

MATLAB E

Automating Machine Learning with DevOps for MATLAB and
Simulink

By Peter Webb and Gokhan Atinc, MathWorks

s more organizations rely on machine learning applications for core business functions, many are taking a closer look at the
fulllfecycle of those applications. The initial focus on development and deployment of machine learning models has

expanded to encompss coninuous morioring and upcates. Changes i the nput data may decrezse a modefs precictive or
classification accuracy. Prompt retraining and model bet

models and te decisions.
In machine leaming operations, or ML Ops, the plan, design, build, and test activities of development are linked with the

deploy, operate, and monitor activities of operations in a continuous feedback loop (Figure 1). Many data science teams have
started to automate parts of the ML Ops cyele, such as deployment and operations.

(4

I|.. é

Figure 1. The ML Ops cycle

Automating Machine
Learning with DevOps
for MATLAB and
Simulink
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© 2023 The MathWorks, Inc. MATLAB and Simulink are registered trademarks of The MathWorks, Inc.
See mathworks.com/trademarks for a list of additional trademarks. Other product or brand names may be
trademarks or registered trademarks of their respective holders.
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Apache, Apache Kafka, Kafka and the Kafka logo are trademarks of the Apache Software
Foundation. The Apache Software Foundation has no affiliation with and does not endorse
the materials provided at this event.

The Grafana Labs Marks are trademarks of Grafana Labs, and are used with Grafana Labs’

permission. We are not affiliated with, endorsed or sponsored by Grafana Labs or its
affiliates.

Microsoft, Azure, Azure Kubernetes Service, GitHub, GitHub Actions, and their associated
logos are trademarks of the Microsoft group of companies.

Prometheus, Kubernetes, and their associated logos are registered trademarks of The Linux
Foundation.

Redis is a registered trademark of Redis Ltd. Any rights therein are reserved to Redis Ltd.
Any use by MathWorks is for referential purposes only and does not indicate any
sponsorship, endorsement or affiliation between Redis and MathWorks
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