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Digital Twin is a major trend and a new way of thinking in the era of 

Digital Transformation
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Selling products 

with fixed 

functionality

Digital Twin adoption is a journey that involves people, process, and 

technology
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System performance dashboard
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A “Digital Twin” is a representation of an asset that 

calculates system states to support decision making

through integrated, systematic use of data and models

Let’s get on the same page about the definition of “Digital Twin”

https://www.mathworks.com/discovery/digital-twin.html

https://www.mathworks.com/discovery/digital-twin.html
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The traditional data analytics workflow is a good framework to 

discuss this type of project
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Modeling approaches
Choosing a model strategy is a function of what you have and what you know

▪ Factors in selecting model strategy

– What does your application need?

– Do you have knowledge of system’s physics (or only historical data)?

– Who has the expertise needed to build the model?

• Kalman estimator 

• System identification

• Regression

Data-Driven

• Machine Learning

• Deep Learning

• Reinforcement Learning.

AI-Based

• Dynamic models of systems/components

• Electrical, mechanical, algorithms, etc.

• Can integrate models from other tools, e.g., FEM

Physics-Based

ROM
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The ability to label your data is critically important
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Labeled signal segments can be curated for future use

LabledSegments =

26×4 table

EventType StartTime EndTime TotalTime

________________    ____________________    ____________________    _________

"ConstPwrCharge"    21-Nov-2022 23:03:02    22-Nov-2022 01:12:22    02:09:20 

"ConstPwrCharge"    22-Nov-2022 23:03:33    23-Nov-2022 01:45:01    02:41:28 

"QuickCharge"       21-Nov-2022 11:08:12    21-Nov-2022 11:33:09    00:24:57 

"QuickCharge"       22-Nov-2022 11:16:12    22-Nov-2022 11:40:36    00:24:24 

"QuickCharge"       23-Nov-2022 10:57:50    23-Nov-2022 11:23:13    00:25:23 

:                     :                       :                  :    

"Discharge"         23-Nov-2022 09:31:54    23-Nov-2022 10:39:29    01:07:35 

"Discharge"         23-Nov-2022 10:54:42    23-Nov-2022 10:55:57    00:01:15 

"Discharge"         23-Nov-2022 12:43:57    23-Nov-2022 12:52:48    00:08:51 

"Discharge"         23-Nov-2022 13:02:28    23-Nov-2022 14:13:45    01:11:17 

"Discharge"         23-Nov-2022 14:35:44    23-Nov-2022 14:53:16    00:17:32
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Project goal and scope
Demonstrate how an EV battery pack digital twin could be developed and deployed

Goal
Given ~ 1.5 years of raw vehicle log data stored in the cloud, build 

a digital twin of an EV battery pack of a Full Electric Material 

Handler in order to understand (and estimate) system behavior.

Scope
This project focused on developing a data engineering pipeline, 

creating a simple digital twin model, and informing the end user of 

things like estimated battery state of health, system usage, etc. 

via a MATLAB WebApp dashboard.  Anode material:

Lithium Titanate
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MATLAB was used to convert raw

CAN data in .MF4 files into an analytics ready tabular format

▪ Understand the problem by accessing a 

few files

– Scope the problem / understand the 

challenges

Data in the cloud,

local compute

S3 Data

Vehicle Network

Toolbox+

.MF4 files MATLAB Script
Analytics ready 

table or timetables

.parquet

files

Integrate Analytics 
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Access and 
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Develop Predictive 
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Data Engineering workflow and evolution

s3://logdata/
00000651/

00000001-61558189.MF4
00000652/

00000001-61559EBE.MF4
00000002-6155A110.MF4

00000653/
00000001-6155BE72.MF4
00000002-6155C0DF.MF4

00000654/
00000001-6155DE01.MF4
00000002-6155FB4E.MF4
00000003-6156189C.MF4
00000004-615635D7.MF4
00000005-61565321.MF4
00000006-6156706E.MF4
00000007-61568DB9.MF4
00000008-6156978F.MF4

.

.

.

s3://logdata/
00000651/

00000651.parquet
00000652/

00000652.parquet
00000653/

00000653.parquet
00000654/

00000654.parquet
.
.
.

s3://logdata/
2021/

01_Jan_LogData.parquet
02_Feb_LogData.parquet
.
.
.
12_Dec_LogData.parquet

2022/
01_Jan_LogData.parquet
02_Feb_LogData.parquet
.
.
.
12_Dec_LogData.parquet

2023/
.
.
.

Grouped by TimeDecoded Data
Raw CAN Data

“As Logged”

S3 bucket “A” S3 bucket “B” S3 bucket “B”
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Digital Twin Project

(making sense of our data)
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How does the “cloud” play into any of this? 

▪ Logger data uploaded to an S3 bucket

– External decision

▪ Dashboard can be hosted on the cloud

– See reference architectures on GitHub

▪ Data Engineering Pipeline is cloud based

– Take advantage of additional (parallel compute) & data locality

▪ Enables connecting to other systems and software applications

– databases, cloud services, etc.

https://github.com/mathworks-ref-arch?q=web+app&type=all&language=&sort=
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Attend an upcoming webinar on 4-May-2023 

Link

https://www.mathworks.com/company/events/webinars/upcoming/devops-with-matlab-a-predictive-maintenance-system-for-streaming-data-3979653.html
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Invest in yourself with focused training
Upcoming 2023 training related to what you saw today

MATLAB Fundamentals

June 6-8 / July 10-13

MATLAB for Data 

Processing and 

Visualization

May 3 / October 17

Building Interactive 

Applications in MATLAB

May 4 / August 16

Predictive Maintenance 

with MATLAB

October 25-26

Battery Modeling and 

Algorithm Development 

with Simulink

June 21-22 / August 9-10

For complete offerings, visit mathworks.com/training
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Talk to us about operationalizing your work
A reference for deploying your work

MATLAB

MATLAB 

Compiler

Coder 

Products

C/C++ 

DLL
++

Java 

JAR
.NET 

DLL

MATLAB
Production

Server

Python 

pyC, C++ HDL PLC CUDA

Embedded Hardware Enterprise Systems

MATLAB 

Production Server

Deployed 

Simulation

Simulink

Simulink 

Compiler

MATLAB 

Compiler 

SDK

MATLAB Web 

App Server

Excel

Add-in

Hadoop/

Spark.exe

Desktop and Web Deployment

Docker

Container
MATLAB 

Web App

Micro

service

HTTP 

Endpoint
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In summary

▪ Digital Twin is a major trend

– It is a new way of thinking and working in the era of Digital Transformation

▪ Digital Twin adoption is a journey

– It takes People, Process and Technology to have a sustainable, broad success

▪ Forwarding thinking companies are building up their Digital Twin 

Capabilities and generating incremental values through individual projects 

with positive ROI

MathWorks is here to help you succeed in Digital Twin applications
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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.

Thank you

wwilson@mathworks.com
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