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Learning Data Model Definition and Machine Learning Analysis
for Data-Based Li-Ion Battery Performance Prediction

Byoungwook Kim® + Ji Su Park™ + Hong-Jun Jang'

ABSTRACT

The performance of lithium ion batteries depends on the usage environment and the combination ratio of cathode materials. In order
to develop a high-performance lithium-ion battery, it is necessary to manufacture the battery and measure its performance while varying
the cathode material ratio. However, it takes a lot of time and money to directly develop batteries and measure their performance for
all combinations of variables. Therefore, research to predict the performance of a battery using an artificial intelligence model has been
actively conducted. However, since measurement experiments were conducted with the same battery in the existing published battery
data, the cathode material combination ratio was fixed and was not included as a data attribute. In this paper, we define a training
data model required to develop an artificial intelligence model that can predict battery performance according to the combination ratio
of cathode materials. We analyzed the factors that can affect the performance of lithium-ion batteries and defined the mass of each
cathode material and battery usage environment (cycle, current, temperature, time) as input data and the battery power and capacity
as target data. In the battery data in different experimental environments, each battery data maintained a unique pattern, and the battery
classification model showed that each battery was classified with an error of about 2%.
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Table 1. Lithium-ion Battery Anode Material Synthetic Material

Metal element Roles
Nickel(Ni) Energy Density Determination
Cobalt(Co) Increased stability
Manganese(Mn) Increased stability
Aluminium(Al) Power enhancement
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Table 2. Training Data Schema for Battery Performance Prediction

Type Part Attributes Unit Description
Lithium(Li) g Litium mass
Nickel(Ni) g Nickel mass
Cathode Cobalt(Co) g Cobalt mass
Manganese(Mn) g Manganese mass
If)lla);lat Aluminium(Al) g Aluminium mass
Cycle Number of charge/discharge
C-rate C Charge and discharge rates of a battery
Setting .
Temperature C Air temperature
Timestamp Battery performance measurement time
Target Power W Amount of electricity can use in 1 second
Performance
Data Capacity mAh
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Table 3. Test Setting of Battery

Battery Constant Charge Discharge Discharge
No Charge Cut-off Current(A) Cut-off
: Current(A) | Voltage(V) Voltage(V)
B0005 1.5 4.2 2.0 2.7
B0006 1.5 4.2 2.0 2.5
B0O007 1.5 4.2 2.0 2.2
B0O018 1.5 4.2 2.0 2.5
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Table 5. MSE and RMSE in Support Vector Machine

Battery Determination Battery Determination Battery MSE RMSE
No. coefficient(R2) No. coefficient(R2) No.

B0005 1.0000 B0005_mod 1.0000 B0005 7.6215% 10 3.8107x107%
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Unified 0.9138 Unified_mod 0.9138 Unified 0.0022 0.0011
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Table 6. Accuracy in Multinomial Logistic Regression Analysis

&8 H123 HM35(2023. 3)

Battery No. Accuracy

Unified 0.9795
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