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Abstract: As for the application of an energy storage system in an electric vehicle charging station
with a wind-solar complementary power system, this paper proposes an adaptive real-time state
estimation method for the lithium battery based on a dynamic first-order RC equivalent circuit

model, so as to solve the problem of big error in estimating the corresponding open-circuit voltage
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and the state of charge (SOC) due to the incapability of the traditional static lithium battery mod-
el to update the parameter states in real-time. First, the sliding mode control method is used for
tracking the real-time output voltage of the lithium battery and based on the dynamic first-order
RC equivalent circuit model, the terminal voltage state estimation equation of the lithium battery
is modified by considering the dynamic variation of such internal parameters as ohmic resistance,
polarized resistance, polarized capacitance and open circuit voltage. Then, the relationship among
the state estimation equation parameters, the real-time voltage error, and the operating current is
derived based on the Lyapunov function and stability criterion, and the real-time update method
for the internal parameters of the lithium battery is obtained. Next, the functional relationship
between the open-circuit voltage and SOC of the lithium battery is established based on the exper-
imental results. On this basis, the adaptive real-time state estimation of the lithium battery is re-
alized. Simulation results show that the adaptive real-time state estimation method can make the
estimated states of the lithium battery converge to the model reference values quickly under the
continuous load conditions of the energy storage system in an electric vehicle charging station
with a wind-solar complementary power system. At the same time, the adaptive real-time state
estimation method can effectively avoid the fluctuation of the estimated open-circuit voltage. By
using the corrected SOC based on ampere-hour integration and Kalman filter methods as a refer-
ence, the maximum error of the adaptive real-time SOC estimation is 0. 72% , and the root mean
square error and the average absolute error are 0. 0023 and 0. 0019, respectively. Compared with
the estimated SOC based on the open circuit voltage-internal resistance model, the estimated SOC
accuracy based on the adaptive real-time estimation is improved by an order of magnitude.

Keywords: wind-solar complementary; electric vehicle charging stations; Lithium batteries; state

of charge; state estimation; equivalent circuit model
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Fig. 1 Dynamic first-order RC equivalent circuit model
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Fig. 6 Adaptive estimation of internal states of the lithium

battery
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of internal resistance of the lithium battery
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Fig. 9 Simulation and experimental comparison of the open

circuit voltage and SOC
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