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Evaluation Metrics 

The mathematical expressions for each metric used to quantify the discrepancy between the 
empirically measured battery voltages and the forecasted values are defined as follows. 

1. Coefficient of Determination (𝑅2 Score) 

The 𝑅2 score represents the proportion of variance in the dependent variable that is 
predictable from the independent variables. It serves as a reliable measure of goodness-of-fit 
(1). 
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(1) 

Where 𝑁 denotes the total number of observations, 𝑦𝑖 is the actual voltage measurement,  𝑦̂𝑖 is 

the predicted output, 𝑦  represents the arithmetic average of the actual values, and ∑(𝑠𝑖𝑔𝑚𝑎) 
represents the summation over all data points. This metric highlights the model's overall 
capability to track continuous voltage fluctuations. 

2. Mean Squared Error (MSE) 

MSE computes the average of the squared errors, penalizing larger discrepancies more 
heavily than smaller ones (2). 
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(2) 

By squaring the differences between predictions (𝑦̂𝑖) and ground truths (𝑦𝑖), this statistic 
provides a rigorous assessment of extreme forecast errors. 

3. Root Mean Squared Error (RMSE) 

Derived by taking the square root of the MSE, RMSE provides the error margin in the same 
unit as the original dataset (3). 
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(3) 

A lower RMSE indicates a smaller residual standard deviation, reflecting higher precision in 
estimating battery health. 

4. Mean Absolute Error (MAE) 

MAE measures the average absolute difference between the predicted and actual values, 
treating all deviations equally (4). 
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(4) 

The absolute operator (||) prevents positive and negative errors from canceling each other 
out. This metric offers a clear representation of the average deviation without being overly 
sensitive to outliers. 

5. Mean Absolute Percentage Error (MAPE) 

MAPE normalizes the forecast error as a percentage, which is highly intuitive for relative 
accuracy assessments (5). 
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(5) 

By dividing the absolute error by the true value, this metric indicates the percentage by which 
the model’s estimations diverge from the real operational conditions. 

 


