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ABSTRACT The reliability and safety of energy-storage battery packs have always been an industry priority. Large energy-storage
battery modules are characterized by high power, numerous built-in energy-storage batteries, complex structures, and a heightened risk
of thermal runaway. Monitoring the core temperature in energy-storage battery packs in a noncontact, real-time manner is essential for
preventing and controlling thermal runaway events. In response to the challenge of incomplete temperature data acquisition, especially in
industrial settings where arranging multiple temperature measurement points inside the battery pack may not be feasible, this study
introduced the Gappy POD reconstruction algorithm. Gappy POD is a data analysis method based on proper orthogonal decomposition
(POD), which is commonly used in inverse heat transfer and fluid mechanics problems. This enables the prediction of the internal core
temperature by monitoring the surface temperature of the battery pack. Considering the safety concerns of battery experiments, this study
simulated battery temperature changes using a simplified simulated energy-storage battery experimental platform. The platform tests the

stability and real-time reconstruction capabilities of the Gappy POD algorithm under stable and drastic changes in operating conditions.
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Although we did not introduce the equivalent circuit model in the experiment, this preliminary study verified the reconstruction ability of
the algorithm under significant fluctuations in working conditions. Neural networks are renowned for their nonlinear solid prediction
capabilities and have extensive applications in predicting the temperatures of energy-storage batteries. This study compares the
reconstruction ability of the Gappy POD algorithm with the prediction capability of a back-propagation (BP) neural network. This study
also explored the reconstruction and prediction capabilities of the Gappy POD and BP neural networks under varying database sizes for
training. The research presented in this study indicates that the Gappy POD reconstruction algorithm exhibits high prediction accuracy,
particularly under stable working conditions and with smaller training sample sizes. In these scenarios, it outperformed the BP neural
network. Moreover, this algorithm demonstrates strong stability and low dependence on the volume of database data, providing a solid
foundation for further applications in the thermal management of energy-storage batteries. It also presents a viable approach for
noncontact monitoring of the core temperature of energy-storage battery packs. In conclusion, this study acknowledges areas for
improvement in the current research and outlines prospects for future research.

KEY WORDS Gappy POD; back-propagation neural network; energy-storage battery; thermal management; core temperature
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Table 1 Experimental equipment and materials

Experimental materials Quantity Parameter
Controllable thermal source 4 Maximum power 60 W
Temperature acquisition card 1 64 channel
Programmable power supply 1 3 channels, 30 V
Aluminum panel 1 40 cm x 30 cm
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Table 2 Optimal number and location of measurement points, along

with their corresponding fitness values

Point number for
measurement location

Number of

. . Fitness value
measuring points

2 6,8 1.257610907
3 5,12,7 1.281934902
4 10, 8,13, 12 1.335612046
5 6,13,10,11, 12 1.345101599
6 13,12,7,11, 6, 10 1.391952749
7 13,10,5,12,11,7,9 1.437521604
8 9,8,5,6,7,13,10, 11 1.495752957
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=
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Fig.5 Relationship between fitness value and the number of

measurement points
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Table 3 Programmable control power supply voltage setting under

stable working conditions

Programmable control power Programmable control power Experimenta
supply 1’s voltage value/V  supply 2’s voltage value/V 1 duration/s

22 18 360
16 24 840
20 23 1500
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Table 4 Programmable control power supply voltage setting under
drastic changes in operating conditions

Programmable control power Programmable control power Experimenta
supply 1’s voltage value/V  supply 2’s voltage value/V 1 duration/s

17 20 120
15 18 240
17 25 360
23 24 480
15 25 600
21 16 1500
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Table 5 RMSE and CCOE for real-time temperature reconstruction and measurement values

Measurement point RMSE under stable

CCOE under stable RMSE under drastic CCOE under extreme
number working conditions working conditions working conditions working conditions
1 1.4171 0.9187 1.7707 0.947
2 1.5872 0.8914 2.1238 0.9355
3 1.4782 0.9804 2.6738 0.8253
4 1.6876 0.9822 3.3226 0.7763
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Fig.8 Training results of the BP neural network
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Table 6 The reconstruction and prediction ability of the BP neural network and Gappy POD algorithm for data under stable changes in operating
conditions

Measurement point number Gappy POD RMSE Gappy POD CCOE BP RMSE BP CCOE
1 1.3171 0.9187 1.3965 0.9618
2 1.5872 0.8914 1.7061 0.9532
3 1.4782 0.9804 1.8717 0.9355
4 1.6876 0.9822 2.4446 0.8884
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Table 7 The reconstruction and prediction abilities of the BP neural network and Gappy POD algorithm for data under drastic changes in operating
conditions

Measurement point number Gappy POD RMSE Gappy POD CCOE BP RMSE BP CCOE
1 1.7707 0.947 1.3965 0.9618
2 2.1238 0.9355 1.7061 0.9532
3 2.6738 0.8253 1.8717 0.9355

4 3.3226 0.7763 2.4446 0.8884
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