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Abstract: In order to evaluate performance and optimize systems using solar energy, the properties of the
photovoltaic (PV) cell need to be properly extracted. This study gives the measurement elements and techniques of
computing significant PV features, such as short circuit, fill factor, efficiency and open-circuit voltage. Any of the
methods include temperature-dependent analysis, impedance spectroscopy, current-voltage (I-V) curve tracing.
Precision in measurement is enhanced through accurate sensing element, controlled lighting and data recording in
real time. The functions in PV systems during these measurement techniques include efficient modelling, performance
predictions as well as fault detection. The paper highlights the importance of proper methods of measurement on the
enhancement of the photovoltaic technology functionality as well as design.
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I. Introduction

Components of solar energy, the photovoltaic (PV) cells are the key units of solar energy system since they
capture sunlight and convert it to electrical power. It is important to accurately measure important input parameters
that include open-circuit voltage (Voc), short-circuit current (Isc), maximum power point (Pmax), fill factor (FF) and
total efficiency in order to determine the effectiveness of the open-circuit voltage (Voc) and short-circuit current (Isc).
The factors play critical roles in fault diagnosis, monitoring the performance of a system, and designing of functional
PV modules. Reliable equipment and clearly defined test circumstances, such as regulated lighting, temperature, and
consistent data measuring methods, are essential for accurate measurement [2—3]. Digital multimeters, pyranometers,
thermocouples, solar simulators, and I-V curve tracers are examples of readily available measurement instruments.
Fresh tools such as impedance spectroscopy paired with real-time review are making dynamic performance studies
far more insightful. The work cited here weighs which sensors and methods matter most so that PV features can be
read with greater accuracy and trust, helping engineers design and deploy more reliable renewable-energy systems

[4].

II. Electrical Modelling
Electrical modeling is necessary for photovoltaic (PV) cell performance study and parameter extraction. With
a current source, a diode, a series resistance, and a shunt resistance, the single-diode model can replicate the behavior
of PVs. In order to estimate characteristics like photocurrent, ideality factor, and resistances, measurement tools like
multimeters and I-V curve tracers detect electrical properties like current in real time. When the exact measurements

and modelling are available, PV system simulation as well as optimisation and fault detection can be performed
efficiently [4-5].
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Fig 1: PVC equivalent circuit

I1I. Identification of PVC Parameters
Photovoltaic (PV) cell parameters are necessary to understand cell comportment and enhance system
performance and they must be determined electrically. Several parameters such as the photocurrent Iph and saturation

current Io, ideality factor n, series resistance Rs and shunt resistance Rsh are required to be extracted with a single-
diode model.
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Fig 2: Assembly of experimental set-up
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Fig 3: PVC Characteristics
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Measurement instruments are applied under the conditions of the standard test (STC), like digital meters, I-
V curve tracers. This information is then crammed into the model equations by analytical or numerical techniques [2-
3]. Accurate parameter identification allows reliable modelling, prediction in performance and defect detection of PV
modules under different loading and environmental conditions.
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Fig 4: PVC Electrical Parameters

IV. Conclusion

Performance trends of solar energy systems can be assessed, modelled and optimized readily by the accurate
extraction of the properties of the photovoltaic (PV) cells. To measure the electrical characteristics of PV cell in rather
controlled conditions, the measurement devices like temperature sensors, multimeters, solar simulators and I V curve
tracers are necessary. Such parameters as efficiency, fill factor, maximum power point, open-circuit voltage and short-
circuit current can be accurately calculated with the help of these instruments. Electrical modelling, in particular, the
single-diode model eases the analysis of internal cell dynamics and losses by calculating series and shunt resistances,
ideality factor, and photocurrent. Compared to primitive methods of measuring PV performance, precise modelling
with advanced measurement procedures enhances reliability in the analysis of PV performance and leads to the
development of efficient solar modules and systems. High-performance renewable energy systems will also rely upon
the continued advancement of measurement techniques as solar technology evolves.
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