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Abstract : State-of-charge (SoC) es�ma�on with voltage balancing of series-connected lithium-ion ba�ery packs is a

crucial requirement to enhance safety, extend cycle life, and maximize energy u�liza�on. Ac�ve balancing
methods are increasingly preferred over passive approaches for applica�ons where efficiency, autonomy, and
reduced energy losses are cri�cal. In this work, advanced circuit topologies for ac�ve equaliza�on are
proposed and analyzed in detail. A novel non-dissipa�ve two-stage equaliza�on circuit, derived from the
tradi�onal buck&ndashboost configura�on, is introduced to achieve high-efficiency voltage balancing without
the need for addi�onal external components, thereby reducing cost and system complexity. The opera�onal
principles, control methodologies, and structural implementa�on of the proposed topology are systema�cally
described and supported with illustrative figures.

Furthermore, an improved SoC and voltage-based ac�ve balancing technique is introduced, addressing the
limita�ons of conven�onal designs by offering greater compactness, reduced filtering requirements, and
simplified implementa�on. To validate the proposed concepts, a MATLAB-based simula�on environment is
developed. A prototype equaliza�on circuit is also designed and fabricated to experimentally assess
performance. Results obtained from both simula�ons and experiments, including tests on a six-cell series-
connected pack, confirm that the proposed architectures achieve reliable, efficient, and cost-effec�ve voltage
equaliza�on. The findings demonstrate the prac�cal feasibility of the designs and highlight their poten�al for
applica�on in large-scale lithium-ion ba�ery systems, par�cularly in energy storage and electric vehicle
technologies.
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