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Battery State of Charge (SOC)

1 t
S0C(t) = > f I(p)dp

0\

capacity current

- Not directly measurable
- Affected by sensor error
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Kalman Filter
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Well understood

current .‘ . voltage measurement
Accurate > -} >

Detailed battery model required
— Operating condition range

>
Kalman \
Computationally intensive " Filter
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How About...

voltage ——

current ——

temperature —
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Comparison

Al

No need for battery model

Training on real data

Capture very complex data relationships

Difficult to interpret

Computationally intensive
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Al-driven System Design

Data Preparation Al Modeling Simulation & Test Deployment
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Robust xEV Battery State-of-Charge Estimator
Design Using a Feedforward Deep Neural Network

Carlos Vidal, Phillip Kollmeyer, and Mina Naguib McMaster Automotive Res. Centre

Pawel Malysz and Oliver Gross FCA US LLC

Citation: Vidal, C., Kollmeyer, P., Naguib, M., Malysz, P. et al., “Robust xEV Battery State-of-Charge Estimator Design Using
a Feedforward Deep Neural Network,” SAE Technical Paper 2020-01-1181, 2020, doi:10.4271/2020-01-1181.

Abstract

B attery state-of-charge (SOC) is critical information

for the vehicle energy management system and must
be accurately estimated to ensure reliable and afford-
able electrified vehicles (xEV). However, due to the nonlinear
temperature, health, and SOC dependent behaviour of Li-ion

(FNN) approach. The method includes a description of data
acquisition, data preparation, development of an FNN, FNN
tuning, and robust validation of the FNN to sensor noise.
To develop a robust estimator, the FNN was exposed, during
training, to datasets with errors intentionally added to the
data, e.g. adding cell voltage variation of £4mV, cell current
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Acquire and prepare data

current




- Configure Al function

- Train and Test Al function
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Test - SOC@-10degC - Estimation

m—— Observed
Predicted

100
80
o %)
O 50 O 60
@ <
m—— Observed
— Predicted 40
0 1 1 1 1 1 1 L 1 1 |
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
Time(s) x10*
Error
S
-10
_10 | | 1 | 1 1 | 1 | |
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
Time(s) x10*

prediction
ground truth

14



Simulink Integration
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Tradeoffs and Benchmark

EKF Tree FFN LSTM
Extended Kalman Filter Fine Regression Tree 1-hidden layer Stacked Long Short-Term
Feedforward Network Memory Network
Training Speed N/A O O @
Interpretability O @) @) O
Inference Speed * O O O O
Model Size * O O O O
Accuracy (RMSE) O O O @)

* NXP S32K344 board

Results are specific to this example
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Import Pre-Trained Model
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MATLAB ONNX
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Why Virtual Sensors? 1) When a physical sensor is expensive or
Impractical
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