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Electric batteries are everywhere. Effective management increases 

vehicle availability and reduces costs

Hybrid electric city bus Autonomous electric tractor Industrial robots

Monitoring battery health is good, but predicting it is better
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Create virtual sensor for battery state of charge estimation in a 

model-based design workflow

▪ Why Virtual Sensors ?

– When estimating a quantity that is not 

measurable
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Agenda

▪ Develop AI-based battery SOC estimation

▪ Workflow - From data acquisition to hardware deployment

▪ Compare different AI methods
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Battery State of Charge (SOC)
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Using Neural Network as an alternative

▪

▪
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▪
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AI-driven System Design
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11Data source https://data.mendeley.com/datasets/cp3473x7xv/3

Data were collected experimentally

https://data.mendeley.com/datasets/cp3473x7xv/3
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AI model performance 

Optimize various hyperparameters, manage 

multiple deep learning experiments, analyze

and compare results

Collaboration is very important: You can also 

import Model from other DL frameworks
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Results

prediction
ground truth

25ºC -10ºC
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AI is part of a larger system

Simulate and test all components together
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Development workflow with Model-Based Design
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Integrate AI into MBD for system-level simulation and code generation
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Simulink Integration 
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Processor-in-the-Loop (PIL) Testing 

on ARM Cortex-M7 Processor
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NXP S32K344

Automatic Library-Free

C Code

Any CPU

Inc. ARM Cortex-M
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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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Reducing AI Model size for embedded deployment

Data Preparation Simulation & Test DeploymentAI Modeling Compression

Model compression 

techniques to reduce 

model size and speed up 

inference
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Workflow with interpretability: Validated & Verified AI

Access, Generate 
& Preprocess 

Messy (Big) Data

Features 
Extraction & 

Selection

Build/Validate 
Machine/Deep 

Learning model on 
subset of data

Verified AI: 
Interpretability & 

Unit Testing

Scale Model into 
production

Until satisfied Accuracy & Explainability

World Data Black Box Interpretability Humans
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Summary

▪ AI is an alternative to state-based methods for Virtual 

Sensor Modeling in the case of Battery SOC Estimation

▪ Compare Different AI Methods to evaluate and manage 

tradeoffs

▪ Integrate AI models into Simulink for system-level 

simulation and code generation

▪ End to end Workflow - From Data Acquisition to Hardware 

Deployment
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