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Abstract: Maintaining accurate state-of-charge (SOC) estimation throughout the entire battery
lifecycle poses a challenge. To address this challenge, a novel dynamic and static SOC estimation
method is proposed, taking into account battery degradation. In static SOC estimation, the
battery’s effective capacity is adjusted based on its state of health (SOH) to compensate for
capacity degradation. For dynamic SOC estimation, an online solution of the lithium diffusion
equation is employed to determine the available effective capacity of the lithium-ion battery,
considering the effects of capacity degradation, current, and temperature on discharge capacity.
The proposed dynamic and static SOC estimation method is implemented as a solver on the

LabVIEW platform, and dynamic and static SOC estimation is performed for battery operation
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under the federal urban driving schedule and charge-discharge cycling processes. The results

highlight that the static SOC consistently exceeds the dynamic SOC, with estimation errors

increasing under lower temperatures and higher currents. Throughout the charge-discharge

cycling process, from a new battery at 100% capacity to 58% capacity, the maximum estimation

error for dynamic SOC remains below 2. 0%, demonstrating the accuracy of the proposed SOC

estimation method across the battery’s lifecycle. These findings provide valuable support for the

efficient and safe management of automotive battery systems throughout their entire lifespan.

Keywords: electric vehicles; state of charge; whole life cycle; lithium-ion batteries; state of

health
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Fig. 1 Design process of SOC estimation program
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Table 1 Parameters of the battery
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Fon/pm 10
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lithium-ion battery capacity under different cycles
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