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Early Health Status Detection of Energy Storage Battery Pack Based on

Voltage Range Characteristics
ZHU Muyu, MA Hongzhong* , XUAN Wenjing
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Abstract: In order to evaluate the state of health (SOH) of
energy storage battery packs more efficiently, an early health
status detection method based on voltage range characteristics
is proposed. Firstly, the cyclic aging experiment is carried
out based on the large-capacity lithium iron phosphate battery
pack, and the voltage range signal of each cycle is measured,
and the voltage characteristics of key time points are extracted
from it. Secondly, health factors highly related to battery
aging are screened based on Pearson correlation coefficient
and grey correlation degree analysis ( GRA). Finally, the
Sparrow search algorithm ( SSA) is used to optimize Bi-
( BiLSTM )
hyperparameters, and SSA-BiLSTM health state estimation

bidirectional ~ long  short-term  memory
model is built, and realize SOH evaluation of energy storage
battery pack. The effectiveness of the health factor and the
superiority of the estimation model are verified by the
conventional machine learning algorithm. The results show
that the extracted voltage range characteristics of charging and
discharging for 30 min can effectively reflect the decline trend
of battery pack capacity, and the estimated error of SOH is
less than +£0.8% under various models. The root mean square
error (RMSE) of the SSA-BiLSTM model proposed in this
paper is as low as 0.07%. Therefore, this method can
effectively monitor the SOH of large-capacity energy storage
battery packs online.
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Fig.2 Flow chart of the detection method
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Fig. 4 Battery testing experimental platform
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Fig.5 Current voltage curve during charging and

discharging process
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Fig. 6 Battery pack capacity degradation curve
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Fig.7 Individual voltage range curve under different
cycle times during charging and discharging process
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Tab.2 Feature correlation analysis results
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Fig.8 SSA fitness evolution curve
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The actual operation condition of the energy
storage power station is complex, and the problems of
the long-term operation of the energy storage lithium-
ion battery pack will appear the expansion of
inconsistency, the deterioration of performance, and
the decline of the estimation accuracy of each
measurement index, which seriously restricts the safe
station.

operation of the energy storage power

Therefore, accurate and reliable estimation and
detection of state of health ( SOH) battery can
effectively evaluate the service life and aging degree
of the battery, which is crucial to ensure the safe and
stable operation of the energy storage system.

This paper presents an early health detection
method based on voltage range characteristics.
Firstly, the cyclic aging experiment is carried out
based on the large-capacity lithium iron phosphate
battery pack, and the voltage range signal of each
cycle is measured, and the voltage characteristics of
key time points are extracted from it.

Secondly, health factors highly related to battery

aging are screened based on Pearson correlation
coefficient and grey correlation degree analysis
(GRA).

Finally, the Sparrow search algorithm (SSA) is
used to optimize the hyperparameters of BILSTM, the
SSA-BILSTM health state estimation model is built,
and realize the SOH evaluation of the energy storage
battery pack. The effectiveness of the health factor
and the superiority of the estimation model are
the

algorithm. The overall process is shown in Fig.1.

verified by conventional machine learning

The results show that the extracted voltage range
characteristics of charging and discharging for 30 min
can effectively reflect the decline trend of battery
pack capacity, and the estimated error of SOH is
lower than +0.8% under various models. The root
mean square error ( RMSE ) of the SSA-BiLSTM
model proposed in this paper is as low as 0.07%.
Therefore, this method can effectively monitor the
SOH of large-capacity energy storage battery packs

online.

Fig.1 Flow chart of the detection method
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