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Key Takeaways

OO‘ Incorporate familiar MATLAB & Simulink capabilities
In a DevOps workflow

& Integrate with production systems to transition

from desktop to cloud

Automatically test, build, and deploy
Cl/CD MATLAB code and Simulink models




MathWorks AUTOMOTIVE CONFERENCE 2023

Example use case: 7 7z
Predicting Battery State-of-Health HE HE

D D
- Fleet of electric buses -O—0 -O—0

- Maintenance is expensive. Could we do a p p
better job predicting when batteries need | | | ) | | | A

replacing? Oy = O3 =

- - L0o20J) Lo2o-
= Started gathering telemetry data on batteries
®= Variables - observations
observations
gD 1800x7 timetable
1 2 3 4 5 6 7
timestamp Current Voltage Temperaturel Temperature? 50C_El S50C_E2 BatterylD
1 01-Mow-2021 00:... 2.6869 7.4436 333.1463 332.7619 0.4995 0.4995 1
2 01-Mow-2021 00:... 2.6872 7.4426 333.1317 332.3924 0.4990 0.4990 1
3 01-Mow-2021 00:... 2.6876 7.4417 333.1073 332.0405 0.4985 0.4985 1
4 01-Mow-2021 00:... 2.6879 7.4408 333.0740 331.7048 0.4980 0.4980 1
5 01-Mow-2021 00:... 2.6882 7.4399 333.0327 331.3844 0.4975 0.4975 1
6 01-Mow-2021 00:... 2.6885 7.4390 332.9843 331.0783 0.4970 0.4970 1
7 MY Bl 3T M- TR0 FOAZ®RYT  FITZIOQGIQAE 200000 TIFM TRCT M AGIELC nAGEC 1
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Apply DevOps practices and make your lives easier

= Improve collaboration through shared responsibility

= Improve flow through high degree of automation
Engineers keep engineering

« Getearly feedback and resolve issues faster through
continuous system monitoring
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DevOps: Develop and Operate Production Software

Development Operations

(4
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DevOps: Develop and Operate Production Software

Development Operations

« Design Robustness

 New Features Reproducibility

 Performance « Scalability

e Testi  Monitorin
esting / \ itoring
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DevOps Permeates Entire Model Lifecycle

Physical models that
drive the deployed system

T Infrastructure
Engineer

Reproducible and
maintainable IT systems,
infrastructure as code

System
@ Integrator
\ o/

Business Analyst

Running the Workflow in Other Execution Environments
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System overview
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System overview
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A scalab
using inc

e production system running on the cloud,
ustry standard tools

\p Git Repository

GitHub® Actions CI/CD

— Run tests, build and push CTF Archive]

4\ O%

Desktop MATLAB

_ Training Data
Reset System Operation

Azure® File Share CTF folder

@ Kubernetes® Cluster on :i?]a.[].
Azure Kubemetes Service il i J

Redis®
Model Cache

Battery Models
(% D
Periodic Drift Detection Job \1/

Pull data from streaming topic — Time Series Database

I Detect Drift } 'I(;’rsining Pata
senations ; —
Predictions T@ oo
MATLAB Production Server Battery Models 5 )
] Kafka Connector J
Battery Telemetry _ Grafana®
%[ Predict State of Health ] I Dashboard

L
L ]
. Apache Kafka® MATLAB Production Server

° Messaging Service Prometheus®
Metrics
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A scalable production system running on the cloud,
using industry standard tools

Run analytics on live streaming data

ull data
MATLABP d t S ervel ‘

MATLAB Production Server

14
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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
%[ Predict State of Health ]

MATLAB Production Server ﬂ
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A scalable production system running on the cloud,

using industry standard tools

Git Repository

Reset System Operation

GitHub® Actions CI/CD

O @

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

\

[Run tests, build and push CTF Archive|

I Detect Drift } L

Battery Models
—%‘ Predict State of Health _

MATLAB Production Server ﬂ
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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
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A scalable production system running on the cloud,

using industry standard tools

— in
- GitHub® Actions CI/CD
D . [ROM TesTs, b, ush CTF Archive

Desktop MATLAB

Retrain models using observed data
and easily update those in production

111

Azure® File Shi [TF folder

Train| ata

- T~ T~ T T~ T~ | T~

Redis®
'_ Model Cache
‘ Battery Models

I Detect Drif }

Battery Models

MATLAB Production Server ﬂ

—H{ Predict State of Health J _—
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System overview
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Low-code machine learning workflow

1

out.logsout(3}

PLOT(DATTeryUaTa: SO IME, DATCErYURTa, SOM{L VAT, "UISpLayNate”, IUSZSTrix]T;
end

Current gk maﬁi"
SoH
S0t estinG .]-D AR len
ol Fi Tegend show

) " E3 title('State of Health by Battery')

fr
K
9 ylabel('State of Health')
D 30 xlabel('Time')
Capacity Ep | Larid
.

out.logsout{d}

‘St ofHeth by Bty

il il i

out.logsout{2}
rrentl

E ¥ & &

previous!
currentl
previous|  IR[—e—P D
curre
outlogsout(5} Z'1
currentV

previousV g:zio revR
1

Data labeling Data Exploration Feature Extraction Machine Learning
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First-principles-model used for labeling data

i P Current
out logsout{3}
1’ SOC1  estimC| > D

out.logsout{d} ———p{SOC2

Capacity —P [:]
out.logsout{2} |
current| 1 ‘ P—PD
A :
previousl

currentl
previou IR > D

1 curre

out. {5} F i

S currenwh z previousV pﬁ:iu reviR
L» z' —\

Data labeling Data Exploration Feature Extraction Machine Learning
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Low-code machine learning workflow

—M{Current i "‘aﬁilys
outlogsout Sl
_LP SOC1  estimC q —HinstRfen
outlogsout{d} I 3062

Capacity —)?'

exersion “mat % end 8
fersemble 1 lesembieoa fl 57 Tegend show B o G
Traningoaaatery | 28 title('State of Health by Battery') 7 _
b ylabel('State of Health') mnmgin.
=

B xlabel('Tine')
A gridon

outlogsout(2} |-
mel D b
- P
LE I :| L '
previous! !
—\—’ :uuguu AN D E
1 currer
outlogsout(5) | . i
curran’E previousV M'\:i‘%‘mm
L S —— =

Data labeling Data Exploration Feature Extraction Machine Learning
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Low-code machine learning workflow

[ X ) MATLAB R2022b
HOME 0 APPS LIVE EDITOR INSERT VIEW 2 ‘ =0 J ¢
? =) m { Variable v [ Analyze Code = {©) Preferences 3 Community
@ El}‘ (i Fles % [ Save Workspace m & Run and Time u E (5 setPath & @ 5 Request Support
New  New  New Open ((]Compare Import Clean Favorites Simulink  Layout Add-Ons  Help
script Lve Seript v v Data Data [ZpClearWorkspace v v (%2 Clear Commands v ~ [l paraliel = - v [l Lean MATLAB
FILE VARIABLE CODE SIMULINK ENVIRONMENT RESOURCES =
&P 1 [/ » Users » sdeland » MATLAB » projects » » i Predictor » 0
| Workspace ® | Command Window B Live Editor - Building 7
Narme & Value ildi mix* % +1
E batteryData 20x8 table plot(patteryvata. SoA{1}. T1Ime, batteryvata, SoR{1F.varL, "DIsplayName —, numzZstri1y7;
[Hextension ".mat' end
ifensemble ;6(1 fileEnsembleDatas legend show
A ' 1
location "TrainingData/battery’ title('State of Health by Battery')
ylabel('State of Health')
xlabel('Time')
gridyon
- State of Health by Battery
| S 1F
| Current Folder ® |
B Name v Git
# trainRegressionModel.m ] e
diagnosticFeatures_Historical.m []
“ diagnosticFeatures.m L] 096
£ DFD_App_SessionData.mat . % )
H currentModel. mat ] §
#BuildingSoHPredictionModel.mix Sosf
~ [ TrainingData 8
[ battery20.mat ° 2
[ battery19.mat o 092t
H battery18.mat °
H batteryl7.mat .
H battery16.mat B 08 -
[ batteryl5.mat U]
H batteryl4.mat °
H battery13.mat . 08
i batteryl2.mat U]
H batteryll.mat ° | | | ] ]
H battery10.mat ® 00:00:00 12:00:00 240000 360000 48:00:00
| HihattanA mat ° | Time
Details A~
il Zoom: 150% |UTF-8 |LF | seript In 22 Col 3

Data labeling Data Exploration Feature Extraction Machine Learning
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Low-code machine learning workflow

—M{Current i "‘aﬁilys
outlogsout Sl
_LP SOC1  estimC q —HinstRfen
outlogsout{d} I 3062

Capacity —)?'

exersion “mat % end 8
fersemble 1 lesembieoa fl 57 Tegend show B o G
Traningoaaatery | 28 title('State of Health by Battery') 7 _
b ylabel('State of Health') mnmgin.
=

B xlabel('Tine')
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outlogsout(2} |-
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Low-code machine learning workflow

[ XX ] Diagnostic Feature Designer

FEATURE DESIGNER Hi

{F O E g @ ‘ E E ‘ I Frame Policy BRI @ ‘} N ﬂ W ‘

New Open Save | Auto | Plot | SignalTrace Ensemble " @ options ~ [ Residue Generation 8 e i e Rank ||Export
Session Session Session | Features = Options Summary 2] Spectral Estimation ~ Features v Features v
FILE AUTO PLOT COMPUTATION DATA PROCESSING FEATURE GENERATION RANKING || pata™ a

v Variables © |°| Ensemble Summary: CurrentiVar! | Histogram: FeatureTable1 x B et TR AT A ko )
Current Frame Policy: FRM_1 (Size: 1800, Rate: 1800)

Current Independent Variable: Time (seconds) 038 Voltage_¢

RAM

Export features to the Classification Learner ge_sigstats/Kurtosis 2%, {7 @ QL (3}
E Export a data set to the MATLAB workspace

~ [id Signals o
~ Full Signal ; Code

~ Curent 025 (% Generate Function for Features

oW S el Sl o e WATOAD Gl g

Volta £ o ;
~ Voltage »
[0 vart §0.15 go_a 4 Generate Function for...

~ SoC B
W vt
~ SoH
W vert 0
+ [ Specira 20 40 0 10 20 3 40 50 60 70 76 17 78 79 8 81 82 83 84
« Frame (FRM_1) - Voltage, actor ” Voltage_sigstats/CrestFactor
~ Voltage_ps £0@Qq
[N Spectrumbata 025
~ Efif Features
~ FeatureTable1 02
~ Current_sigstats Ems

01 02

0.05

lity

PeakValue
‘ShapeFactor 041
~ SoC_B1_sigstats
ClearanceFactor 0.05
CrestFactor
ImpulseFactor 105 106 108 11 1 192 113 o|,06 106 107 108 109 11 111 112 113 °|.05 106 107 108 109 11 111 112 113 114
fisse Voltage_ps_ Soh_ SoC_B1.
PeakVale 025 . ma@@an " - 025 . .
SNR
+ SoH_sigstats
Mean
 Voltage_ps_spec
BandPower
~ Voltage_sigstats

probability

107 1.08

v Details (]
Derived From: Imported

Independent Variable:  Time (seconds)

Frame Policy: Full Signal 37 38 39 40 41 42 43 44 45 075 08 0.85 09 095 1 -150 -100 -50 0 50 100 150

Dataset: Ensemble1 (2 Members)

History | | Parameters

ke y

Data labeling Data Exploration Feature Extraction Machine Learning
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Low-code machine learning workflow

—M{Current i "‘aﬁilys
outlogsout Sl
_LP SOC1  estimC q —HinstRfen
outlogsout{d} I 3062

Capacity —)?'

exersion “mat % end 8
fersemble 1 lesembieoa fl 57 Tegend show B o G
Traningoaaatery | 28 title('State of Health by Battery') 7 _
b ylabel('State of Health') mnmgin.
=

B xlabel('Tine')
A gridon

outlogsout(2} |-
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Low-code machine learning workflow

Data labeling
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Regression Learner - untitled*

REGRESSION LEARNER
e 4q
% open [ poa = B "L!EH & 0 ¥
New Sae - FEUR @ Optimizer | M QUK Unear  Interactions |~ D PUPICEE gy VALIDATION RESULTS TN Layout | Test Test | ExportPlot Generate Export
Session v Selection To-Train Linear il Delete  Table ~ | Data~ Al - | toFigure Function Model v
FILE OPTIONS MODELS @ TEST EXPORT I
Models Model 1 H Model 2 ” Model 3 ‘ Response  Predicted  Residuals )
vs. Actual.. ~(Validation)
Sort by (Model Number Summary | Response Plot | Velidaton Predicted vs. Adtual Plot | |
TEST RESULTS =
RMSE (Validation): 0.014927
15/15 features e
= Predicted  Residuals &,
e kit a0 | WA (e
16/15 features
1 OPTIMIZATION RESULTS o
RMSE (Valigation): 0.012176
Last change: Bagged Trees 15/15 features R4 How to use the predicted vs.
Min MSE actual plot
038 INTERPRETATION RESULTS :
Partial
Dependen...
0.96
?
i ]
034
H 5 .
§ * *
M .
092 L
W .
.
.
o
03 . o5
'~
0, togh’e
.
sl *
.
.
I I I I I I I
088 08 082 084 0.96 0.98 1
True response
|4 Dataset: feals  Observations: 1000  Size:205kB  Predictors: 15 Response: SoH_sigstats/Mean Validation: 5-fold cross-validation

Data Exploration

Feature Extraction

Machine Learning
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State of health algorithm in production

Production System

= Receive sensor data as kafka stream

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

= Save data and predictions to database

Local testing

= Mock dependencies

Apache Kafka®
Messaging Service

Sensor
data

Redis®

Model Cache

o~
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Model

N

}{ Predict State of Health }

MATLAB Production Server

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

Prometheus®
Metrics
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Write SoH prediction function to simulate or use Kafka streams

=2 2 8

Stream from files on disk I Stream from network

inKS = testStream(... inKS = kafkaStream(...

esp = eventStreamProcessor(inks,... esp = eventStreamProcessor(inks,...
s ,@ 4 )

; 4\ | vatias

e ' Production

[%] = ?n:a:ep:zsig:?;;iflﬁgatu res); . MAT LAB f (X) Se rver

54 prediction = timetable(observations.

=l Desktop - J

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

29
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Use buildtool to automate execution of build tasks

Check Generate Compile Test Package Deploy
ij E MATLAB Other ‘\ E E Wm’:‘;‘::g:oduction Server
Model Design Simulink MATLAB .l Code Application Hadoop “
Advisor Verifier > > :

\ 4

e Coder > Testing Compiler Compiler

Frameworks 2
CIL Y
4 O S = 58
HOL PLC . .
Embedded HDL PLC Simulink Production Web App .
codelssues Coder Coder  Coder Test Server Co...  Compiler File Excha nge

\ 4
bl
2

function plan = buildfile

plan = buildplan(localfunctions);
plan("packageDriftDetection").Dependencies = "test";
plan("packageSoHPrediction").Dependencies = "test";
plan("test").Dependencies = "validate";

end

- P -~ . - -~ ~
Ve o o o~ y. / —— P Yy P o o . 4 Py,
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Automatically build, test, package, and deploy MATLAB code

% esteinerMW / Battery-Health-Estimation-Streaming-Demo ' Private

forked from mathworks/Battery-Health-Estimation-Streaming-Demo

v @ Run MATLAB buildtool

DEPLOY
<> Code 171 Pullrequests () Actions [ Projects [0 Wiki @ Security |~ Insig
P Run matlab-actions/run-build@vl ‘°<7
< Build and upload deployable archive (CTF) to MATLAB Production Server - . v OPERATE
P Generate script
@ update battery dashboard #19 & .
» Run command &"3 Operations
(D Summary . ‘%‘
. sccesded 12 hours oo 341 > @ Azure login %,
(LY Set up job MONITOR
@ Reset Demo Operations
Run actions/checkout@v3
Run details =
Setup MATLAB Support Packages
3 Usage
Setup MATLAB
&9 Workflow file
Run MATLAB buildtool
P Run matlab-actions/run-buildgvl - n a m e : R u n MAT LA B b u I Idtool
P Generate script
> Run comand uses: matlab-actions/run-build@v1

Azure login Wit h .
Azure CLI script - upload CTF to az file-share ta S ks . pa Ckage D riftDetection

Post Run actions/checkout@v3

Complete job
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The Complete System
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Git Repository

O

Reset System Operation

Desktop MATLAB

—

GitHub® Actions CI/CD

©)

Q0
©

Run tests, build and push CTF Archive|

2

Azure® File Share CTF foider

) /"—_\A 5 ,.. ,.
% Kubernetes® Cluster on gﬂ i ¥ )
Azure Kubemetes Service il N

Training Data

Redis®
(o Model Cache
\ punng ‘ Battery Models
Periodic Drift Detection Job \l, -
7
- Time Series Database
E‘D Pull gata from streaming topic (D Detect Drift ] Training Data
- Observations pro——
p O O L Predictions — 1@ Do~
MATLAB Production Server Battery:Modets 3y, e
O 2] O Kafka Connector ,] ,
- Grafana®
Battery Telemetry ——
7 %[ D Predict State of Heaith ] R Dashboard
o2
-O—O0O
Apache Kafka® MATLAB Production Server
Messaging Service Prometheus®
Metrics
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The Complete System

Streaming
data

Al model ® MATLAB
‘ M Deyeloper

Version control
system

Automated
Deployment N
Test & l
deploy
) . Database
Deployed functions =
S——
S—
I Drift detection
Al Dashboard
model
L 4
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Key Takeaways

OO‘ Incorporate familiar MATLAB & Simulink capabilities
In a DevOps workflow

& Integrate with production systems to transition

from desktop to cloud

Automatically test, build, and deploy
Cl/CD MATLAB code and Simulink models
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e 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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Attributions

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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