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Abstract

Batteries, with their exceptional energy storage capabilities, have emerged as an indispensable en-
ergy core in modern technology and daily life. Consequently, accurate diagnosis and prediction of
battery aging status are of paramount importance. Traditional prediction methods, such as electro-
chemical models, rely on the internal mechanisms of batteries for prediction but are highly sensi-
tive to changes in materials, structures, and operating conditions. On the other hand, machine
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learning models estimate battery health based on high-quality big data and advanced algorithms,
yet they are constrained by data quality and algorithm selection. Given the limitations of these mod-
els, this paper introduces an innovative battery health prediction model—a prediction model based
on a Belief Rule Base. By constructing a series of rules that address uncertainty and fuzziness, it
effectively tackles the complexity of the battery’s internal state and the variability of the external
environment. Experimental validation demonstrates that this model enhances prediction accuracy
and reliability, offering new insights and methodologies for lithium-ion battery health state estima-
tion and lifetime prediction. It is anticipated to play a pivotal role in future energy management and
battery maintenance.
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Figure 1. BRB basic schematic diagram
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Figure 2. Model flow chart
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Figure 3. Optimization algorithm frame diagram
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Table 1. Attribute data and result data reference point and reference value settings

F 1. BUBERERQESEANSEZERE

27 75 R4 & T
T—1WZ%E 2.04 1.84 1.37 1.15
T Z%1H 2.03 1.84 1.37 1.15
T+1WZ%E 2.02 1.83 1.37 1.15

Table 2. Initial belief table
2. MIREER

° A& (a.5,).(8.5,).(c.A,).(D.A,)

1 1 A&A {(A, 0.6), (B, 0), (C, 0.3), (D, 0.1)}
2 1 A&B {(A, 0.6), (B, 0.3), (C, 0.1), (D, 0)}
3 1 A&C {(A, 0.5), (B, 0.2), (C, 0.3), (D, 0)}
4 1 A&D {(A, 0.5), (B, 0.1), (C, 0.4), (D, 0)}
5 1 B&A {(A, 0.3), (B, 0), (C, 0.2), (D, 0.5)}
6 1 B&B {(A, 0.3), (B,0.4), (C, 0.2), (D, 0.1)}
7 1 B&C {(A, 0.3), (B, 0.5), (C, 0), (D, 0.2)}
8 1 B&D {(A, 0.3), (B, 0), (C, 0.2), (D, 0.5)}
9 1 C&A {(A, 0.2), (B, 0.5), (C, 0.3), (D, 0)}
10 1 C&B {(A, 0.1), (B, 0.5), (C, 0.4), (D, 0)}
11 1 c&cC {(A, 0.1), (B, 0.4), (C, 0.5), (D, 0)}
12 1 C&D {(A, 0.1), (B, 0), (C, 0.3), (D, 0.6)}
13 1 D&A {(A, 0), (B, 0.2), (C, 0.3), (D, 0.5)}
14 1 D &B {(A, 0), (B, 0.1), (C, 0.6), (D, 0.3)}
15 1 D&C {(A, 0), (B, 0.2), (C, 0.1), (D, 0.7)}
16 1 D &D {(A, 0), (B, 0), (C, 0), (D, 1)}
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Table 3. Optimized belief table
F3. MUEERR

4 4 & 4 {(A.5,).(B.5,,).(C.5,).(D.5., )]
1 1.00 A&A {(A, 1), (B,0),(C,0), (D, 0)}
2 0.88 A&B {(A, 0.6), (B, 0.25), (C, 0.15), (D, 0)}
3 0.25 A&C {(A, 0.5), (B, 0.3), (C, 0.2), (D, 0)}
4 0.10 A&D {(A, 0.3), (B, 0.7), (C, 0), (D, 0)}
5 0.60 B&A {(A, 0.5), (B, 0.4), (C, 0.1), (D, 0)}
6 0.48 B&B {(A, 0.5), (B, 0.3), (C, 0), (D, 0.2)}
7 0.32 B&C {(A, 0.3), (B, 0.5), (C, 0.2), (D, 0)}
8 0.15 B&D (A, 02), (B, 0.5), (C, 0), (D, 0.3)}
9 0.83 C&A (A, 0.2), (B, 0.7), (C, 0), (D, 0.1)}
10 0.42 C&B {(A,0.2), (B, 0.1), (C, 0.3), (D, 0.4)}
11 0.52 c&cC {(A, 0.15), (B, 0), (C, 0.25), (D, 0.6)}
12 0.20 C&D {(A, 0), (B, 0.25), (C, 0.65), (D, 0.1)}
13 0.60 D&A {(A, 0), (B, 0.1), (C, 0.6), (D, 0.3)}
14 0.40 D &B (A, 0), (B, 0), (C, 0.3), (D, 0.7)}
15 0.48 D&C {(A,0), (B, 0), (C,0), (D, 1)}
16 0.52 D&D {(A, 0), (B, 0), (C, 0), (D, 1)}
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Table 4. Contrast test
Fz 4. xFHesIg

T MSE MAE RMSE
BRB 2.18E—4 9.46E-3 1.47E-2
BPNN 3.79E—04 1.28E-2 1.95E-2
RF 4.98E—4 1.69E-2 2.23E-2
DF 1.90E-3 3.29E-2 4.40E-2
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