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›Robust state estimation of SoC, temperature, and aging are key problems for 

BMS, as energy density and compliance increase. Electrochemical Impedance 

Spectroscopy (EIS) could be a feasible remedy.

›But what information can we really extract from EIS?
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Main Findings

▪ Confirmation of full cell observations [1,2] that initial porosity is a main factor for 

irreversible thickness change on single electrode level.

▪ Pronounced thickness change during first lithiation at voltages > 0.3 V for 

electrodes with flake-type particles and low porosity.

▪ Normalizing the electrode thickness change by the (areal) charge capacity of the 

respective cycle enables a comparison of electrodes with differing initial thickness, 

even for different electrochemical dilatometric setups.

▪ Normalized delithiation thickness change for all observed electrodes remained 

around 2 µm mAh-1, especially during the last cycles.
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M. R. Gomez, J. Natterer, M. Fischer, J. Thielmann, E. Zonta, A. Jossen, Statistical analysis for 

robust battery state estimation: Demonstrating ANOVA-driven feature selection with 

electrochemical impedance spectroscopy (2025).
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›Temperature estimation is indeed possible without information on SoC. However, 

temperature estimation without SoC and aging estimation becomes more uncertain 

when considering aging.

›Degradation modes show unique, frequency-specific signatures in the impedance 

spectra.

Neglecting Aging

Considering Aging

In combination with our DoE, Analysis of 

Variance (ANOVA) allows for meaningful 

decomposition of impedance drivers when 

considering SoC and temperature or SoC, 

temperature and cycles/reference 

performance tests (RPTs)

Idea: ANOVA informs feature 

extraction for temperature estimation 

with simple look-up-table but without 

any information on SoC or cycles/RPTs

ANOVA-Based Feature Extraction Enables Temperature 

Estimation Without Explicit SoC Information, 

Achieving ≈ 1.25 °C RMSE

Temperature tracking under aging conditions is 

achievable without explicit knowledge of SoC or SoH

We can extract degradation 

modes from aging study and 

analyze the individual effects 

beyond ANOVA

Causal Effect Estimation
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Using a Gaussian Process Regression model with 

the within-subject full factorial DoE, the 

estimation of individual effects of degradation 

modes becomes feasible
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Effects in Li-Ion Cells be Quantified with Electrochemical Impedance Spectroscopy under Varying 

State of Charge and Temperature? Applying Inferential Statistics (2025).

ANOVA results are used to quantify the effect 

size (ES) of each source of variance on each 

feature. Since ES quantifies the proportion of 

total variance attributable to each independent 

variable, feature selection is simplified by 

identifying features with the highest ES for 

temperature. In this work, omega squared (ෝ𝜔2) 

is adopted as the effect size metric.
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