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Agenda

▪ Develop AI-based battery SOC estimation

▪ Workflow - From data acquisition to hardware deployment

▪ Compare different AI methods

SOCVoltage

Current

Temperature
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Battery State of Charge (SOC)
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capacity current

- Not directly measurable

- Affected by sensor error 



44

MathWorks AUTOMOTIVE CONFERENCE 2022

Kalman Filter
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current voltage measurement

SOC

voltage

estimation

+
-Kalman 

Filter

battery 

model

▪ Well understood

▪ Accurate

▪ Detailed battery model required
– Operating condition range

▪ Computationally intensive
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How About…

voltage

current

temperature

SOC
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Comparison

▪ No need for battery model

▪ Training on real data

▪ Capture very complex data relationships

▪ Difficult to interpret

▪ Computationally intensive

▪ Well understood

▪ Accurate

▪ Detailed battery model 
required
– Operating condition 

range

▪ Computationally 
intensive

EKF AI
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AI-driven System Design

Model design and 

tuning

Hardware 

accelerated training

Interoperability

Integration with

complex systems

System verification 

and validation

System simulation

Data cleansing and 

preparation

Simulation-

generated data

Human insight Enterprise systems

Embedded devices

Edge, cloud, 

desktop

Data Preparation Simulation & Test DeploymentAI Modeling
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Acquire and prepare data Model design and 

tuning

Hardware 

accelerated 

training

Interoperability

Integration with complex 

systems

System verification and 

validation

System simulation

Data cleansing and 

preparation

Simulation-

generated data

Human insight Enterprise systems

Embedded devices

Edge, cloud, 

desktop

Data Preparation Simulation & Test DeploymentAI Modeling
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Model 

design and 

tuningHardware 

accelerate

d training
Interopera

bility

Integration

with complex 

systems

System 

verification 

and validation

System 

simulation

Data 

cleansing 

and 

preparation

Simulation-

generated

data

Human 

insight
Enterprise systems

Embedded 

devices

Edge, 

cloud, 

desktop

Data 

Preparation

Simulation &

Test
DeploymentAI Modeling- Configure AI function

- Train and Test AI function
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Data source https://data.mendeley.com/datasets/cp3473x7xv/3

voltage
current

temperature SOC
calculated moving avg voltage
calculated moving avg current

Feed-forward NN

accurately 

calculated

in the lab

https://data.mendeley.com/datasets/cp3473x7xv/3
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Results

prediction
ground truth

25ºC -10ºC
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Simulink Integration 

Model 

design and 
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Processor-in-the-Loop (PIL) Testing 

on ARM Cortex-M7 Processor

NXP S32K344

Model 

design and 

tuningHardware 

accelerate

d training
Interopera

bility

Integration

with complex 

systems

System 

verification 

and validation

System 

simulation

Data 

cleansing 

and 

preparation

Simulation-

generated

data

Human 

insight
Enterprise systems

Embedded 

devices

Edge, 

cloud, 

desktop

Data 

Preparation

Simulation &

Test
DeploymentAI Modeling

C Code Generation
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Tradeoffs and Benchmark

EKF
Extended Kalman Filter

Tree
Fine Regression Tree

FFN
1-hidden layer 

Feedforward Network

LSTM
Stacked Long Short-Term 

Memory Network

Training Speed N/A

Interpretability

Inference Speed *

Model Size *

Accuracy (RMSE)

** NXP S32K344 board

Results are specific to this example
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Summary

▪ Develop AI-based Battery SOC Estimation

▪ Workflow - From Data Acquisition to Hardware Deployment

▪ Compare Different Methods AI 

SOCV  I  T
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Import Pre-Trained Model

TF importer
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Why Virtual Sensors? 1) When a physical sensor is expensive or 

impractical


