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Lithium-ion batteries play a significant role in people's daily lives today, as
demonstrated by their use for energy storage and power supply in personal electronic
devices, backup power systems, and, most notably, in vehicles, which constitute a
crucial system in the modern era. Lithium-ion batteries exhibit degradation behaviors
both under operational conditions and during periods of inactivity. Such degradation
affects their energy storage capacity, discharge power capability, and charging
acceptance, all of which tend to decline as the battery ages. In addition, it has been
observed that the internal resistance a variable that directly influences the rate of heat
generation during operation increases over time, thereby elevating the risk of battery
ignition at the end of its service life. This research proposes a method for detecting
battery packs with cells exhibiting varying degrees of degradation, utilizing terminal
voltage responses and charging power, encompassing state of charge (SOC) estimation,
charging power (Pg,,) estimation, and the detection of battery packs with different
levels of cell degradation through the dynamic time warping (DTW) algorithm. The
results reveal that the terminal voltage of battery packs containing cells with different
levels of degradation is higher during constant current-constant voltage (CC-CV)
charging. The charging power of battery packs with cells of similar degradation levels
is lower compared to those with significantly varied degradation levels. Furthermore,
the XGBOOST machine learning model can be employed to estimate SOCI, achieving
R? values of 0.9969, 0.9514, and 0.9524 for training, test, and unseen datasets,
respectively. The significant features used for estimation include open circuit voltage,
minimum charging power, summation of terminal voltage, summation of charging

~ power, terminal voltage, and charging power. Detection of battery packs with cells



exhibiting varying degrees of degradation using the dynamic time warping method
effectively distinguishes packs with severely degraded cells from those with similarly
degraded cells, with an accuracy of 0.97, a precision of 1.00, a recall of 0.96, and an

F1 score of 0.98.
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