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Abstract: Nowadays, the accurate assessment of the health condition of solar photovoltaic systems is a critical neces-
sity. Typically, mathematical models derived from physical laws serve as tools for this purpose, although often presenting
challenges due to their non-linear nature, for example, exponential components. In this study, a new robust methodol-
ogy for the determination of photovoltaic electrical models using polar coordinates is proposed. Our approach involves
transforming the measured electrical data - voltage: Vi, and current: I,, - into the polar space - radious: p and polar
angle ¢. Then, using optimization techniques such as the least squares method, the optimal combination of parameters is
identified. A schematic overview of the presented methodology, including a pre-processing stage, is depicted in Fig. 1. To
validate the proposed method, the well-known single-diode model (SDM) is used. The performance of the computed pa-
rameters is measured using the Root Mean Squared Error (RMSE), calculated in terms of the radius as an implicit function
of the polar angle. Comparison against three alternative approaches — voltage, current, and non-linear function evaluation
- demonstrates the benefits of our method. To ensure consistency despite variations in RMSE units, the V},, and I, are
scaled according to the estimated open-circuit voltage and short-circuit current respectively. Preliminary results highlight
the increased performance of our approach, maintaining comparable processing times in all cases.
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Data pre-processing:
1. Equally spaced data (V]5,, I;,) (voltage, current, or polar angle).

2. Short-circuit current I, and open-circuit voltage estimation V..

Parameter’s identification:

1. Scaled electrical pairs (vS,, i5,) = (Vov/Vi, Tov/12.).

2. Transformation of the measured data into the polar coordinates (p, ¢).

3. Fit the best set of parameters using an optimization method, e.g., least squares.
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Fig. 1: Flow-chart of the proposed methodology. Here, (V,v, Ipv) represents the measured voltage and current; Ic and Vo indicates
the short-circuit current and the open-circuit voltage, respectively; (p, ¢) indicates the measured polar radius and the polar angle; and
(vpv, ipv) indicates the scaled voltage-current pairs. The superscript “*” stands for variables computed by using the equally spaced
data as basis.




