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Abstract: To address issues such as low energy efficiency and battery capacity degradation caused
by internal cell inconsistency in lithium-ion battery packs, a bidirectional balancing control
method based on model predictive control (MPC) is proposed. Firstly, the state of charge (SOC)
of individual lithium-ion battery cells is estimated using a combination of the least squares method
with a forgetting factor and the extended Kalman filter, with the SOC of each battery cell being
considered as the target for balancing control. Next, a bidirectional buck-boost circuit is designed
to create a balancing structure capable of both boosting and bucking voltages. Model predictive
control is then employed to optimize the balancing control states of the bidirectional circuit in
both directions. Finally, by controlling the duty cycle of the bidirectional circuit, the balancing
currents among different lithium-ion battery cells are adjusted to achieve SOC balancing. The
research results demonstrate that the adoption of the bidirectional circuit and model predictive

control offers several advantages. It reduces the complexity of balancing circuit control, avoids
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energy losses associated with traditional balancing methods, and improves the reliability and

speed of balancing. Under dynamic conditions, the proposed bidirectional balancing control

method based on model predictive control achieves rapid SOC balancing among lithium-ion battery

cells. Compared with traditional proportional balancing control methods, the proposed method

reduces the balancing time by 68. 3%.

Keywords: lithium battery; model predictive control; state of charge; flyback circuit; bidirectional

balance control
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Fig. 9 Verification results under UDDS conditions

SR 4 7 B R E St R AT 0L [ X A 4 1 4 B

5, ELAR A A1) R 8 B S BN 3R 3 TR . RO
ﬁﬁ%%%mﬁﬁﬁPumwﬁﬂ%ﬁEm&E%
KBHNE 4 i,

A3 ey ROk IS AR
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Fig. 10 Simulation results in static state of the system
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Fig. 11 Real-time balance current of lithium battery cells
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Fig. 12 Simulation results for random charge and discharge

of the system
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condition
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