
Science Talks 4 (2022) 100100

Contents lists available at ScienceDirect

Science Talks

j ourna l homepage: www.e lsev ie r .es /scta lk
Battery state of charge estimation using machine learning and
electrochemical impedance spectroscopy measurements
Emanuele Buchicchio a,⁎, Francesco Bianconi a, Fabrizio Smeraldi b, Alessio De Angelis a,
Francesco Santoni a, Paolo Carbone a

a Department of Engineering, University of Perugia, Perugia, Italy
b School of Electronic Engineering and Computer Science Queen Mary University of London, UK
Abbreviations: SOC, State of Charge; EIS, Electrochemica
⁎ Corresponding author.

E-mail address: emanuele.buchicchio@studenti.unipg.it

Fig. 1. N

http://dx.doi.org/10.1016/j.sctalk.2022.100100
Received 2 November 2022; Received in revised form
2772-5693/© 2022 The Authors. Published by Elsevi
A B S T R A C T
A R T I C L E I N F O
Keywords:
Lithium-Ion batteries
Electrochemical impedance spectroscopy
State of charge
Machine learning
Efficient energy management in battery-powered devices requires reliable estimation of the battery state of charge.
We developed a data-driven state-of-charge estimation method based on machine learning and electrochemical
impedance spectroscopy. Several states-of-charge models were trained and tested using an original measurement
dataset froma set of commercial Samsung ICR18650-26 J lithium-Ion batteries. The implications of the curse of dimen-
sionality for this task have been analyzed, and the effectiveness of different feature reduction techniques to avoid
classification model overfitting was investigated.
Video to this article can be found online at https://doi.org/10.1016/
j.sctalk.2022.100100.
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Fig. 2. Classifications of battery SoC estimation methods. From [2].

Fig. 3. Electronic microscopy analysis of negative electrode (c and d). From [3].
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Fig. 4. An example of Cole-Cole plot representations of EIS measurement data for a battery belonging to the dataset. From [4].

Fig. 5. Block diagram of the custom-made impedance measurement system used for collecting the data. From [4].
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Fig. 6. Under the hypothesis that the whole curve shape has a stronger correlation with SOC than single feature values, we tried a visual CNN classification approach on the
EIS curve. A ResNet 18 CNNmodel, fine-tuned on EIS curve representation, achieved 90% accuracy in SOC estimation for a battery included in the training. On an unknown
battery, the system scores 62% accuracy.We compute the class activation map (CAM) on some inference results to verify that the SOC estimation is based on a reasonable set
of image features. CAMs allow us to visually highlight the image areas more relevant to the final classification performed by the neural network. In this example 7 ×7 class
activationmap overlay on an EIS spectrum, the brighter colors indicate a relativelymore significant contribution of feature (image pixels) in the area to thefinal classification.
CAM shows that the main contributions to the SOC classification came from the peak and valley areas of the EIS curves, whose shape changes with SOC. From [5].

Fig. 7. Example of the output of LDA and PCA transformation: in the resulting two dimensional space themeasurement fromdifferent state of charge condition are distributed
in quite well separate clusters. From [6].
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