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Modern battery management systems (BMS) require precise state-of-charge (SOC) and state-of-health (SOH) estimation to ensure Voltage (V), Current (1),
safety and performance, especially as battery demands increase in applications like electric vehicles and renewable energy storage. Temperature (T)
Traditional physics-based models, while grounded in solid principles, often struggle with real-time nonlinearities and parameter \\ Final Test RMSE: 0.0326
variations, and conventional machine learning methods can fall short when capturing the temporal complexities of battery data. In v i ! o6 Final Test MAE ('SO.H Error):
contrast, our hybrid Al-driven approach fuses a Bidirectional LSTM network with an Unscented Kalman Filter, combining deep SORLSTM Model g ) 0.0274 '
learning’s ability to extract complex patterns with the robustness of adaptive filtering. This integration enhances estimation SOH LSTM Training/Testing —m ar
accuracy, mitigates noise effects, and dynamically adapts to battery degradation, offering a superior alternative for next-generation 31
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¢ Surveyed current physics-based and machine learning methods for SOC/SOH estimation. il | J e -
¢ Highlighted gaps in handling nonlinear dynamics and real-time adaptability. barameter Undate (ML or KE) L) e — ﬁ? e [arom > sfoere
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e Designed a hybrid architecture merging a Bidirectional LSTM with an Unscented Kalman Filter. T 7T = o T ST - B e [
o [teratively refined the design based on literature insights and simulation results. v e e B .. J = e
* Finding Datasets: Updated Battery Parameters S i ——
e Collected battery cycling data along with sensor measurements (voltage, current, temperature). (Capacity, Resistance, etc.) —
» Selected datasets that cover diverse operational conditions for robust training. / N\ s
 Dataset Preprocessing: | J - -
* Normalized and denoised the data to remove inconsistencies and outliers. W ol Pfed'C"O”>Z - \ \ (b)KF — CAPACITY
¢ Prepared clean and consistent inputs for effective model training. 8¢ Kalman Figer” \j ESTIMATION
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¢ Trained the Bi-LSTM network to capture temporal battery behaviors and initial SOC/SOH predictions. | n \
e Calibrated the UKF to refine these predictions, ensuring dynamic parameter updates. Updated P;iams, VLT . \ \
» Testing Models: '
¢ Evaluated the hybrid model using metrics like RMSE and MAE. T — SOC_KF Output (Preliminary S S S S S ——— -
e Compared results with conventional models to validate improved accuracy and robustness. SOC)
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uture virections.
¢ Explore real-time deployment on embedded systems and extend the hybrid model to accommodate diverse battery types and —— ol
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operational conditions for further improved accuracy and adaptability. _ - | l h U (c)LSTM SOC ESTIMATION
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