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What you will learn today!

Key Technologies
Automated ML
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Predictive maintenance enables downtime to be scheduled rather

than disruptive.
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Development Operations principles reduce complexity.

ML Ops

43
sy

Development Operations

= Ve



‘ MathWorks-

Development Operations principles reduce complexity.
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Production system architecture mirrors the stages of the ML Ops cycle.
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Off the shelf components minimize development effort.

MATLAB Parallel
Server
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Physics-based simulation allows realistic data generation.
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Domain-specific capabilities allow you to create a State-of-Health
prediction function.

Battery Measurement Data
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AutoML “automagically” finds the right model.

Min objective vs. Number of function evaluations
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fitrauto

Automatically select regression model with optimized hyperparameters
Since R2020b

Syntax

Mdl = fitrauto(Tbl,ResponseVarName)
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Static data assumption rarely holds in the real world.

Distribution of Temperature Data

Distribution of Temperature Data
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Data drift can be visualized, interpreted and assessed.
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! Live Editor

Users/sdeland/MATLAB /projects/BatteryHealthSy

BuildingDriftDetector.mix + |

figure;
plotDriftStatus(ddiagnostics)

stemDevelopment/DevelopingDriftDetector /BuildingDriftDet

Estimated P-Values and Confidence Intervals

FRM_1/Voltage_sigstats/SNR - : et ]
FRM_1/Voage_sigstats/PeakValue [ * —— ]
FRM_1/\oltage_sigstats/Kurtosis |- E L] 1
FRM_1/Voltage_sigstats/impulseFactor g ot -
FRM_1/Voltage_sigstats/CrestFactor |- : [y
FRM_1/Voltage_sigstats/ClearanceFactor |- : ot
g FRM_1/Voltage_ps_spec/BandPower |-+ —_— ]
i FRM_1/S0C_B1_sigstats/SNR | ot |
-E FRM_1/50C_B1_sigstats/PoakValue [  * e Stabie -
= FRM_1/SoC_B1_sigstats/Kurtosis |- ——t T :mm" ]
. Warning Theashold
FRM_1/SoC_B1_sigstats/ImpulseFactor |- we «w == Drift Theoshold ]
FRM_1/S0C_B1_sigstats/CrostFactor |-+ ]
FRM_1/SoC_B1_sigstats/ClearanceFactor - -é 4
FRM_1/Current_sigstats/ShapeFactor [ * -t ]
FRM_1/Current_sigstats/PeakValue [- E et 4
0 g dz 04 dﬂ OE
P-Values

detectdrift

Update drift detector states and drift status with new data

Since R2022a

Syntax

IncCDDetector = detectdrift(IncCDDetector,X)
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Model-based labeling system is high fidelity.
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The train-deploy-monitor-label cycle automatically works on its own.
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[ X°N J MATLAB R2023a

HOME PLOTS APPS LIVE EDITOR INSERT VIEW Try the New Desktop Q Search Documentation
|f‘} 0~ @ l_LEjCompare | <@ B Normal v == L Refactor v @ [Z] Section Break [) (CN
New Open Save = R GoTo A Text BIUM Code Control Task % & Run @Run SnciAchance Run Step Stop
- v v |sExport v« [ Bookmark v = 3 v v b3 ¢ Section PZRuntoEnd
FILE NAVICATE TEXT CODE SECTION RUN x
<@ = 8 @l & 0/ » Users » sdeland » MATLAB » projects » BatteryHealthSystemDevelopment » P
Workspace IO B Live Editor - LabelNewDataAndTrain.mlx Command Window [Project - BatteryHealthSystemDevelopment
Name & Value | LabelNewDataAndTrain.mlx [ + |
:
Label New Data and Train Next Model
&
Connect to database and read new battery telemetry data =
il loadenv("InfluxDBParams.env");
2 idb = connectToInfluxDB();
3
4 startTime = datetime(2021,11,3);
5 endTime = datetime(2021,11,5,4,0,1);
6 batteryID = 1;
T T 5 7 data = readDataFromInfluxDB(idb,batteryID,"battery","Production",startTime,endTime)
B Name a Git
0 DevelopingBatterySoHPredictor - . . L. .
&3 DevelopingDriftDetector : Label new data using a physics-based digital twin
77 LabelNewDataAndTrain I . . . . .
matlab_influxdb_http_client - Assign variables that are used as inputs to the simulation
) connectTolnfluxDB.m @
InfluxDBParams.env w 8 simInData = data;
= .
fjt:l;::::xggtnggg:zﬁlx : 9 simInDatg.Time = simInData.Time-simInData.Time(1); % Start at 00:00:00
#) readDataFromInfluxDB.m E 10 socl = simInData(:, 'SoC_B1');
‘4 sohEstimator.slx @ 1l soc2 = simInData(:, 'SoC_B2');
log : 12 Current = simInData(:,'Current');
;f;;”“es _ 13 Voltage = simInData(:,'Voltage');
£ TrainingData .
(=] BatteryHealthSystemDevelopme... ® Load the simulation and run it
README.md ®
‘M sohEstimator:sks i 14 simTime = seconds(simInData.Time(end));
15 mdl = "sohEstimator.slx";
16 open_system(mdl);
17 groundTruth = sim(mdl,StopTime=string(simTime));
18 close_system(mdl, false);
Post-process simluation results to extract the SoH values
Details ~ }? ground‘TrutpSoH = ground.Trut.h.logso?t.e)f"tractTimetable;

- Zoom: 125% UTF-8 LF script Ln 1 Col 31
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Automate the entire ML Ops cycle and your machine learning
models can change for the better, by themselves.
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Resources to learn more

@\ MathWorks®  products Solutions  Academia  Support Community  Events i

Enterprise and IT Systems

Ovenview

MATLAB and Simulink in Enterprise IT

Deliver operational value with IT and Line of Business collaboration:

Your IT organization plays a key role in leading digital transformation, including the creation of new digital products and service,
helps IT and engineering work together to deliver

i lly required it
algorithms and models using MATLAB and  to deploy these innovations into  digital products and services providing tar

How MATLAB and
Simulink are used with
Enterprise IT

https://www.mathworks.com/solutions
[enterprise-it-systems.html

CI/CD Resources

Use MathWorks Products in your tinuous Integration Pipelines

Server

vo® e D

G b . 3
€ Bamboo  Jenkins  CI‘CO Azure Pipelines wowe  Circleel  Travis
On-Premise from Cloud Hosted fron
R2013b R2020a
provides (7) cl 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.

Cl/CD Resources

https://www.mathworks.com/
solutions/enterprise-it-
systems/ci-cd.html

@\ MathWorks®  products solsions  Acodemin  Support  Community  Events

MATLA Cl

Overview | Resource

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 computations and simulations to CPUs, GPUs, or compute clusters in the cloud

- Integrate MATLAB with cloud-based continuous integration (CI) systems to automate code testing 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

https://www.mathworks.com/learn/training.html

Automating Machine Learning with DevOps for MATLAB and
Simulink

By Peter Webb and Gokhan Atinc, MathWorks

As more organizations rely on machine learning applications for core business functions, many are taking a closer look at the
fulllifecycle of those applications. The initial focus on development and deployment of machine learning models has
expanded to encompass continuous monitoring and updates. Changes in the input data may decrease a models predictive or
classification accuracy. Prompt retraining and model evaluation produces better models and more accurate 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 cycle, such as deployment and operations.
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Figure 1. The ML Ops cycle.
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Automating Machine
Learning with DevOps
for MATLAB and
Simulink

https://www.mathworks.com/company/n
ewsletters/articles/automating-machine-
learning-with-devops-for-matlab-and-
simulink.html
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