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1. 2[AF S HEX 2 (Introduction to Organization and Business)

2. Z=2HME JHQ (Project Overview)

3. 71=H¢9l s Z1tA| (Project Goals and Challenges)

4. MathWorks EFM2 &2 off 2 et A A (How did we get there and leverage MathWorks)
5. Aat 8 H2| (Achievements and Outlook)

6. LCt= X (Further Details on Solutions Adopted)

7. ZE (Concluding Remarks)
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LGY[L{X| & 2 M
Business Portfolio

Mobility & IT Advanced Automotive Energy Storage System
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LG X|=F M
Mobility & IT

Mobility & IT Battery Solutions .
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LGO| L X| & FM

Advanced Automotive

Power Solution Energy Solution

u-HEV HEV PHEV BEV

A & v | &

Only EV Driving
Zero Emission Vehicle

Power Support
& Limited EV Driving

Power Support EV Driving + Engine

For Hybrid Vehicle(u-HEV/HEV)

A significant improvement in fuel efficiency through output increase.

For Plug-in Hybrid Vehicle(PHEV)

Realized high energy density for the same volume.

For Electric Vehicle(EV)

Secured high capacity per unit weight thanks to the light

Excellent instantaneous output/charging performance. Outstanding driving performance in the EV mode due battery, increasing the travel distance.
Long lifespan despite the frequent charging/discharging thanks to to the high output Uniform temperature ensures sufficient cooling with a small
the little distortion/degeneration of electrodes amount of energy, extending the lifespan of the battery.

Hyundai Sonata 7 Renault ZOE
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LGO| L X| & F 4
Energy Storage System

Cell High Energy/Power LiB
= Pouch Cell
= Cylindrical Cell
Battery : /
System A
BMS
(Battery Management System)
Battery Management
= Communication
= Monitoring
= Malfunction Detection
Power ; ! =
Conditioning :
System
e — r— ' Cell — Pack — Rack
= Parallel racks connected
for energy expansion
Energy
Management
HVACY
System
Container Fire Suppression System

1Y Heating, Ventilation, Air Conditioning
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Global Operations
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o Headquarter
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Q@ R&D Base
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T2ME Qe

= Objective
— Development of Vibration Data-Driven Model for Battery Electrode Cutter Fault Diagnosis
System using MATLAB Deep Learning Workflow

= Milestones & Members
— Total 6 months (Sep. 2020 ~ Mar. 2021)
— Junghoon Lee (LG Energy Solution) / Wanbin Song, Kevin Suh, Jake Kim (MathWorks)

= Conclusion
— Interactively analyzed raw field data by applying various MathWorks Apps, including Signa/
Analyzer and Diagnostic Feature Designer

— Established reusable machine learning development workflow with rich discussion of domain
knowledge from LG Energy Solution and feature engineering and machine learning
techniques from MathWorks

— Tested a prototype of Battery Electrode Cutter Fault Diagnosis System at a pilot line of LG
Energy Solution
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- Background

— Currently maintenance of battery electrode cutter is scheduled periodically and rely on site
operator’s opinion

X https://www.youtube.com/watch?v=q9HbHZXEEDs
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= Solution Concept

MATLA

— Monitoring vibration generated during electrode cutting to diagnose cutter life and predict

replacement timing in advance

Machine Condition

A

Vibration

Cost

._

Conditions
Start to change

Cutter 1LX| A

Mu| g5

Weeks

> Time
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MathWorks 82 St o| 2 ¢k 3 21}
Machine Learning Development Workflow

Focused on algorithm development part

2. Explore

1. Access Data and Pre-
Process

3. Feature
Extraction

Clean messy data Domain Knowledge Many Algorithms
Discover patterns Select Features Tune Parameters

11
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MathWorks &M S ¢t ol 2 2ot Sl An} & EXplore
Key takeaways of each stage Process
= Explore and preprocess data S
A \ - W&WPJ m ki ‘ Discover patterns
= 3 channel data for each observation
- Explore and analyze signal with respect to time-domain and spectral-
domain using Signal Analyzer App

Provide possibilities on how to gain insight from signal data.

12
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MathWorks 5 M32 Sot of| Z diot 9l Ay} 3. Feature
Key takeaways of each stage auiladely

- Feature Engineering

-
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Domain Knowledgeé
Select Features
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= Feature Desi...

= Feature extraction using Diagnostic Feature Designer and analyze
discernment of normal data from abnormal

= Figure out that some of features can distinguish normal/abnormal data
= Provide possibilities on feature ranking, transformation and merging.

Reset the ensemble to read from the beginning of the ensemble
eeeee (outputEnsemble);
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Key takeaways of each stage

= Machine / Deep Learning for Anomaly detectlon

Confusion Matrix: Validation Data e Networ

@@
=)

RS =S
E‘n‘ﬂgg
25

After 1

L Sl
Third Principal Component
=5

-10 0 10 2| 0 40 50 60
0.2% 0.1% First Prin 0 Iaomponenl

Second Principal Component

<Machine Learning model> <Dimension reduction> <Auto-encoder trainnig>

= Supervised Learning 2 class

. . . " . classification
— Classification model trained and optimized with learner app o
Class

= Unsupervised Learning e
— PCA and Kmeans clustering PCA
K-means

— AutoEncoder for anomaly detection Clustering

= More steady state dataset can improve the trained model.  Auto Encoder

Many Algorithms
Tune Parameters

MATLAB I

MathWorks &5 M2 Sot o Z2 2ot gl A} 4. Build
Models

99.86 %

92.51 %

N/A

85.39 %

9733 %
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= Machine / Deep Learning analysis of data before and after Lamination
Cutter replacement results in 95% chance to diagnose Cutter health

Supervised Learning Unsupervised Learning
<A H/T oL 2 o) < Autoencoder-based anomaly detection>
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Data acquisition and modeling cutter vibration data by battery model
Real-time Battery Electrode Cutter Fault Diagnosis System set-up and

verification by checking vibration data generated when cutting battery

electrodes
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= Deployment after completing pilot line verification using an app design-
based compiled program
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= Conclusion Summary

LG Energy Solution and MathWorks successfully completed the cooperation including
technical guidance with LG Energy Soultion’s raw field data

LG Energy Solution and MathWorks developed a condition monitoring system to avoid
wasteful maintenance as well as unexpected failures

After training the anomaly detection model with selected features from a raw dataset, We
successfully integrated the model into the production line

LG Energy Solution established reusable Machine / Deep Learning development workflow
with rich discussion of domain knowledge from LG Energy Solution and feature engineering
and machine learning techniques from MathWorks

- Advantages of using MATLAB and Simulink

Interactive Apps for generating features and training various models
Capabilities of entire workflow from data acquisition to deployment
Leveraged MathWorks engineer’s support for fast prototyping
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