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1. MOTIVATION 2. METHODOLOGY 2.5. POLARIZATION QUALITY INDEX

2.1 Thevenin Equivalent Model To obtain a p— ized indicator of p

itt) Ry quality over time, a Polarization Quality Index (PQI) is introduced.
o Internal polarization strongly influences ANV vi(t) Terminal voage The PQI combines the average polarization energy and its rate of
efficiency, stress and degradation. I + (1) Polarization voltage variation within a moving time window:

Ry Ohmic resistance
o These states are not directly measurable. R Ic vy(t) Ry  Polrization resistance E, (k) |AE,| (k)
l s C;  Polarization capacitance PQI(k) = a P L
Pos(Ep)  Pos(|AEp])

OCV Open circuit voltage

o Most Battery Management Systems (BMS)
SOC State of charge

focus mainly on SOC estimation.

where:
2.2 State Vector = . ' e
o E,(k) denotes the rolling mean of the estimated polarization energy,
x= S(;C ] State vector estimated by the EKF. . rﬁ‘p] (k) represents the rolling mean of the absolute energy variation,
23 E jed Kalman Filter (EK‘) ®  Py(-) is the global 95th ile used for
g e a and f are weighting i isfying @ +p=1.
OBJECTIVE * Nonlinear state-space model
« Prediction of states and parameters
Develop a real-time method to estimate polarization + Measurement update with voltage In this work, @ =0.7 and = 0.3, with a 600 s moving window.
voltage, RC parameters and polarization energy, + Online adaptation of R, C, and SOC
and to identify electrochemical stress regimes * Robustness to noise and uncertainties
using Oﬂ'y vonage and current measurements. 2.4 Polarization Energy Normalization ensures that the PQI is dimensionless and robust to
- absolute energy scaling, enabling comparative assessment across
meh\NMﬁMMh. Ao ey e
‘ E.= .1. C, v 2 4 The proposed index thus p'owdu an aggregated and physically
L p 3 AP ) metric for ion quality in real time.
Higher energy —+ higher polarization — higher stress.
4. RESULTS
3. EXPERIMENTAL DATASET 4.1 Convergence of Estimated Parameters 4.2 Estimated Polarization Energy E,
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5. APPLICATIONS - A 4.4 Polarization Quality Index (PQI)
g = PQI (Window = 600's, a = 0.7, § = 0.3)
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