Energy Engineering and Management, Vol. 14, No. 1, PP. 2-11, 2024

:

Engineeringfandimanagement

&

UCB/oK‘JB

University of Kashan

A Correlation-based Method for the Estimation of the State-of-
Health of Lithium Batteries in Electric Vehicles Using Data-

Driven Methods

Milad Mohammadrezaei,! Zeinab Maleki,?* Ahmadreza Tabesh®

'Department of Electrical and Computer Engineering, Isfahan University of Technology, Isfahan,
Iran, m.mohammadrezaei@ec.iut.ac.ir
2 Department of Electrical and Computer Engineering, Isfahan University of Technology, Isfahan,

Iran, zmaleki@iut.ac.ir

® Department of Electrical and Computer Engineering, Isfahan University of Technology, Isfahan,

Iran, a.tabesh@iut.ac.ir

Keywords:

Lithium battery,
SoH estimation,
feature selection,
correlation method,

partial charging/discharging pattern.

Original Research Article

Paper History:
Received: 21/07/2024
Revise: 18/09/2024
Accepted: 20/11/2024

Abstract: This paper presents a correlation-based framework
for feature selection to estimate the lithium batteries state of
health (SoH) using data-driven methods. These features can
be calculated online for partial charge/discharge (C/D) cycles
in electric vehicles. The main contribution is to provide a
framework to determine a subset of independent features
with maximum impacts on SoH estimation. Despite
statistical features, the selected features are independent of
C/D profiles, without requiring a full cycle information.
Using the correlation criterion reduces the computational
burden in a data-driven model as required in an online
battery health estimation method. Extracting features,
considering battery electrochemical reactions, and reducing
the number of selected features, using the suggested
correlation criterion, increase the robustness of the model
and avoid overfitting. NASA labeled battery aging dataset is
used to evaluate the performance of the method under
various partial and random C/D cycles. The results show that
the correlation-based features in Gaussian data-driven model
can estimate the battery SoH with an average error of 10%
under random patterns in a partial C/D cycle.
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Introduction

This paper presents a correlation-based algorithm to
select a subset of lithium battery features that
significantly contribute in the battery state-of-health
(SoH) estimation. The features are selected

considering the aging phenomenon of lithium
batteries and the partial charging/discharging (C/D)
cycles which are the case in electric vehicles. The
proposed correlation-based algorithm determines a
subset of independent features that can be used with
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data-driven methods. The main advantage of the
suggested algorithm is to reduce the computational
burden, while avoiding overfitting phenomenon in
data-driven methods that enables the implementation
of on-line health estimation methods. The
performance of the method is evaluated using NASA
battery dataset, and the test results show that SoH can
be estimated with a 10% error under random and
partial C/D profiles that exist in electric vehicles
applications.

Materials and Methods
Figure 1 shows the proposed correlation-based
algorithm to determine independent features. In this
algorithm, the correlation coefficient is calculated
based on the Pearson method as given by:
_ Dici(xi — )i —¥)

VI G — D23, (i — )
where X; is the i-th sample of variable x, y; is the i-th
sample of variable y, and %, y are the means of
variables x and y respectively. The method for
selecting the most appropriate subset of features is
shown in the flowchart of Figure 1, in which the
features with the highest correlation are first identified
based on a correlation threshold that is selected 70%
in this paper and one of the features with highest
impact on SoH is selected. The impact of feature on
SoH is also determined based on correlation between
features and SoH.
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Figure 1: Flowchart of feature selection using the
correlation method

Results and Discussions
Applying the proposed algorithm (Figure 1) to NASA
battery data sets, 9 features out of the 15 features are
determined as the independent features with highest
impact on SoH are as follows:

F1: Battery internal resistance

F2: Charging time with constant current

F3: Discharge energy

F4: Current slope during constant voltage charging

F5: Initial slope of the battery discharge voltage
curve

F6: Voltage slope during constant current charging

F7: Capacitance

F8: Discharge time

F9: Charging time with constant voltage

The selected features, based on the proposed
algorithm, can be justified based on physical behavior
of the battery as follows:

1. Three features, F1, F3, and F7, physically
indicate a reduction in power and a decrease
in the number of ions due to the aging
phenomenon.

2. Features F4 to F6, which are defined based
on slope variations, are affected by the
internal resistance of the battery. The main
advantage of these features is that they are
measurable in partial cycles as they are
defined based on slope of change.

3. Features F2, F8, and F9 are defined based on
charging discharging time variations. These
features are mainly varied based on the
battery time constants due to aging
phenomenon. These changes in time
constants occur as the battery capacity
reduces due to a decrease in the number of
active materials inside the battery.

Using labeled SoH battery data in NASA dataset
and comparing with the SoH estimation, based on
Gaussian Process data-driven model, show that the
estimation error about 10% under random and partial
charging/discharging cycles.

Conclusion

Aiming to select a minimum set of features with
highest impacts on SoH, the proposed correlation-
based method provides a tool for identifying and
selecting these features among any set of available
features. The test results show that the algorithm
nominates the physical features such as internal
resistance and charging/discharging times as the
wining features with highest impact on SoH. The
main advantages of the proposed method are reducing
the computational burden and avoiding the overfitting
that occurs in a data-driven model due to the
elimination of dependency among the features.
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1. Remaining Useful Life (RUL)
2. State of Health (SoH)
3. End of Life (EOL)
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