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Abstract

Reconfigurable battery systems provide a promising alternative to traditional battery
systems due to their flexible and dynamically changeable topological structures that can be

adapted to different battery charging and discharging strategies. ...

1 Methodology

The central principle of the proposed method is to connect the batteries in an RBS in parallel
to the maximum possible extent, thereby maximizing the output current. To achieve this uni-

versally and automatically, the overall process is divided into the four steps shown in Fig. 1.

1.1 Directed graph Model

(Check the ref of subfigures) He et al. [1] proposed an abstracted directed graph model for an

RBS, where the nodes represent the batteries, the edges represent the configuration flexibility,
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Figure 1: A diagram of the proposed method, which contains four main steps.
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Figure 2: The directed graph models used in (a) the work of He et al. [1], (b) our previous
work, and (c) the improved model in this paper. (d) The equivalent circuit of a battery in this



and the weight of each vertex corresponds to the battery voltage (Fig. ?7). The model captures
all potential system configurations and offers a direct metric for configuration flexibility, but
it does not specify the physical implementation of the connectivity between batteries, meaning
that one graph might correspond to multiple RBS structures. We previously proposed a directed
graph model that differs significantly from He et al’s model by using nodes to represent the
connections between batteries and switches and directed edges to represent batteries and switches
(Fig. 77?), allowing for a one-to-one correspondence between an RBS structure and its directed
graph model. ... The model also considers the external load as an equivalent resistance and
integrates it into the analysis, making it a complete circuit model for later circuit analysis.
Fig. 7?7 shows the improved directed graph model used in this paper. The following provides a
detailed explanation of the method used for equating components in RBSs and constructing the
directed graph model.

He et al. [1] proposed an abstracted directed graph model for an RBS, where the nodes
represent the batteries, the edges represent the configuration flexibility, and the weight of each
vertex corresponds to the battery voltage (Fig. 2(a)). ... We previously proposed a directed
graph model that differs significantly from He et al’s model by using nodes to represent the
connections between batteries and switches and directed edges to represent batteries and switches
(Fig. 2(b)), allowing for a one-to-one correspondence between an RBS structure and its directed
graph model. ... Fig. 2(c) shows the improved directed graph model used in this paper. The
following provides a detailed explanation of the method used for equating components in an

RBS and constructing the directed graph model.



1.2 Constraints and Objective Function

First, the topology in the directed graph model is represented in the form of a matrix A, which

is known as the incidence matrix and is defined as Eq. (1):

1, edge [ leaves node k,
akl =y —1, edge [ enters node k, (1)
0, otherwise.

For a directed graph consisting of IV nodes and N, +2N,+1 directed edges, the incidence matrix
Ais an N X (Np 4+ 2N + 1) matrix. In this matrix, the rows and columns represent the nodes
and edges of the directed graph, respectively. By distinguishing the components in the RBS

corresponding to each column, A can be rewritten as

A= {Ab A, Ao} ; (2)

where Ay, Ag, and A, are the sub-matrices corresponding to the batteries, switches, and external

electrical load, respectively. ... Thus, for the sub-matrix A, only one column is retained for
each pair of columns representing the same switch. ... Similar to Eq. (2), A can be rewritten as

i-la, 4 4 3
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