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ABSTRACT

The hazardous effect fossil-based systems have on the planet requires transition to nonpolluting
energy sources which lithium-ion batteries (LiBs) fall. An implication is, the state of charge
(SOC), must be determined to provide an indication for the available energy left in LiBs.
However, there exists the difficulty in measuring the SOC, more so existing methods for SOC
estimation are not robust to accommodate battery parameter sensitivity to disturbance. Hence,
in this research battery models coupled with SOC estimation techniques, namely Extended
Kalman Filter (EKF), Linear Matrix Inequality (LMI) and Sliding Mode Observer (SMO), are
developed and implemented to solve the observability problem. Model validation was carried
out via primary data while the secondary data was used for validating the state estimators using
charge/discharge voltage and current inputs. Performance results showed the LMI and SMO,
yielded RMSE and MAE values equal to zero (0), offering a superior accuracy than the EKFs
having RMSE values in range of [0.00000861, 0.00680] and MAE in range of [0.00000214,
0.00410]. In addition, by means of a modified priori estimate and a compensating proportional
gain, an improved extended Kalman filter (EKFmod) for the estimation task was carried out.
Amongst the improved estimators, the fourth order EKFmoq had an accuracy of six (6) decimal
places with the smallest error bound of +2.05%. In terms of robustness, the SMO and LMI
algorithms demonstrated capability in disturbance rejection from measurement input data at
battery temperature of 0°C having both RMSE and MAE values of zero (0) in contrast to the
EKF having lesser metrics values. Furthermore, a hybrid (EKF-SMO) estimator developed
showed a 93% decrease from the EKF performance metrics and faster convergence. This
research recommends the selection of battery models, and the estimators should be a trade-off

between model complexity, accuracy, and present computation power.

Keywords: Lithium-ion Battery, Extended Kalman Filter, Sliding Mode Observer, State of
Charge, Linear Matrix Inequality, Robust.
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