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Demo - System Performance Dashboard

{4\ EV Dashboard Concept App (v0.1)

Configuration

Timespan of interest

Begin Date

04-Apr-2022] ~ |

End Date

[ Load Sample Data ]

( Update Plot ]

Fleet Details

Select Asset Number

Unit 23 A

~ Full Electric Material Handler Dashboard ~

Current State Daily Summary Time Series View Aggregation View Errors Charge History Operating Mode

Overall System Health (Last 7 Days)

Monday, 28-Mar-2022 through Monday, 04-Apr-2022

Status Throughput SoH

O Normal Operation 3,461 Ah 96.3 %




Digital Twin?
A definition

“A digital twin is an up-to-date representation, a model, of an actual physical asset in

operation. It reflects the current asset condition and includes relevant historical data

about the asset.

Digital twins can be used to evaluate the current condition of the asset, and more

importantly, predict future behavior, refine the control, or optimize operation.”

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



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

Why Digital Twin?

Business value & motivating factors

= Do things better: Optimize your customer’s experience

« Anomaly detection « Operations optimization
* Predictive maintenance * Fleet management
« Asset performance management < Feedback to design

= Do new things: Evolve business models and opportunities

Sell a system Selling a system’s operation
(capability as a service, etc.)




Run MATLAB and Simulink where you need to

= 4

Software

Computing resources

File Storage e

S

Multi-core GPU ===

CPU Clusters
Accessed via ‘
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@ MathWorks Cloud CZH\%} Public Clouds Private Cloud *

aws A nzure 2,53

+ Alibaba Cloud

MathWorks

Customer

L earn More *Private accounts can be setup in AWS or Azure with limited access
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https://www.mathworks.com/solutions/cloud.html
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Project Goals and Scope
Demonstrate how an EV battery pack digital twin could be developed and deployed

Goal

Build a cloud-based digital twin for an EV battery pack of a Full Electric Material
Handler

Scope

This project is focused on deploying analytics and a digital twin model to a cloud-based
dashboard. Future work could include deploying some of the analytics onto hardware
running directly on machines in the field (battery state of health estimation for
example).



Data Analytics Workflow

Develop Predictive Integrate Analytics with

Preprocess Data Models Systems

Files
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Prepare raw data for modeling
Extract, Transform, and Load (ETL) Workflow Considerations

Preprocess Data

Extract Transform Load

Raw .MF4 Files Write Resultant Data

Finalize & Sort parquet
.mat
text
Decode =\ CAN messages .......................................................
Write Mode
........................................................ Tlme align Signal data One-to-one

File Types

MDF (.MF4)
blf

L

Common Schema

.parquet
.mat
custom binary
text

Many-to-fewer




Raw Log Files
Cloud based data preprocessing pipeline

: AWS
MATLAB running on a

32 core machine
Cgﬂgb Logger data e —— . CZG;-} Preprocessed

dat
Vehicle Network Toolbox e
Parallel Computing Toolbox .parquet files

Implementation Details

.MF4 files « Source and destination s3 buckets are different

I Credential management

' Data logger \
FoUll R
| |

Machine / vehicle in use

o Cloud based compute and parallel computing sped up the work
Leverage compute when you need to

e Run MATLAB on a Windows machine
Needed this for file specific functionality



Data Analytics
Using log data to answer usage-based questions

= Does the system perform as advertised?
— Operation: must operate for 3-4 hours in the morning and 3-4 hours in the afternoon
— Charging: battery must fully charge in 30 min (at lunch time)

- What is the effect of ambient temperature on the system?

— Ambient temp ranges from -10 to 35°C over the year. How does this affect system
performance?

- What is the actual duty cycle based on operational data?
— Power used during operation vs. charging
— Total number of charge / discharge cycles
— etc.
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Collaborate!
Strategize, develop, test, iterate

Develop Predictive

Models

... APPLICATIONS - ... = Fleet Management. == . Operations = . Asset Performance - Diagnostics & === = Anomaly

» Feedback to Design Optimization Management Condition Monitoring Detection
ALéORITHM | ’ = | ’ | -~ i -~
EXPERTS : U Ah'a : & aha : e
: : Al Engineer Data Scientist - Computer Vision Signal Processing : Controls System
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Modeling Approach

Choosing a model strategy is a function of what you have and what you know

Physics-Based Data-Driven Al-Based

%4 youBot Am - Sk - o x 24 % Predicted state and covariance
Pl gd Viw Depliy Disin Semdaion Anayis Gode Took hek 25 - | x prd = A * x_est:
5 3 on @ .= ! 26 - rd = A * p_esc * A' + Q;
“RA=Rd . I He-E-edOP » @i . PP LS 2
N - - 28 % Estimation
< |l 29 - | T—H*pprd *H +R;
a g e T e N o—
a " ol 2 |= klm gair S\ B)':
= ‘_ . — _ 33 £ zs:;r:a:ed srate and ETEEIEGR PN
= 3 - | xest=xoprd+ kim gain * (z - H * x_prd);
= — _— \ 35 — p_est = p_prd - klm gain * H * p prd;
- ) A\ 36 laged Loyer
" v il a7 % Compute the estimated measurements
e - e . 38- | y=H*xest;

 Dynamic models of systems/components * Kalman estimator  Machine Learning
» Electrical, mechanical, algorithms, etc. « System identification  Deep Learning
« Can integrate models from other tools, e.g., FEM  Regression * Reinforcement Learning.

= 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?

.....
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Simulate to Set Expectations
As internal resistance increases, what should we see?

: %1%
Internal Resistance - R = —
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Synthetic Data
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Incrementally fit data based on voltage values

Bin data by SoC

selection
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Initial results on a subset of data
Internal resistance as a function of SoC and Temperature
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Next Steps for Modeling Work

Strategy and planned next steps

= Understand system behavior over time
— How does internal resistance change over time?
— Can we detect degradation in power output over time?

- Battery cell performance parameters
— Internal resistance so far (power), capacity next (energy)
— Combine internal resistance and capacity learnings into a SoH story

= Feature Engineering + Al modeling & Automation
— Cloud based parallel computing (“Thinking out loud on the cluster”)
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Future State: Al SoH predictor model

= SoH estimator

ALGORITHM 1. Train ML model using data

EXPERTS 2. Deploy trained model 4 s
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Operationalizing your MATLAB Analytics

A reference for deployment paths

[ simulink
| Compiler g

Simulink
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Resources & Collateral

Video Links
= Predictive Maintenance Series = Relevant Topics
— Introduction — Digital Twin Parameter Tuning
— Feature Extraction for Identifying — What is Predictive Maintenance
Condition Indicators Toolbox?
— Remaining Useful Life — Predictive Maintenance Using Deep

Learning

— Diagnostic Feature Designer

— Deploying Al on PLCs

— Digital Twin

— Federated Learning w/ Physical
Models
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https://www.mathworks.com/videos/predictive-maintenance-toolbox-overview-1519682269879.html?s_tid=vid_pers_recs
https://www.mathworks.com/videos/predictive-maintenance-using-deep-learning-1622015420382.html?s_tid=srchtitle
https://www.mathworks.com/videos/deploying-artificial-intelligence-on-plcs-1622615396175.html?s_tid=srchtitle
https://www.mathworks.com/videos/from-acorn-to-oak-seeding-federated-learning-with-physical-models-1608797740529.html?s_tid=srchtitle
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