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Abstract:
Although solar radiation is essential for the operation of solar cells, excessive radiation causes cell damage. Despite
the presence of fixed protective coatings and covers, they lack the dynamic ability to control solar radiation. This study
proposes an integrated smart control system based on Polymer Dispersed Liquid Crystal (PDLC) to instantly control
radiation changes and instant fault detection technology. The smart film adjusts the incident radiation by changing its
transparency using electrical voltage or changing its height above the cell surface. An adaptive neuro fuzzy inference
system (ANFIS) is used to simulate PDLC behavior and PID controller to control the distance between PDLC and solar
cell. The results showed the film's ability to fully control approximately 37% to 90% of the radiation at varying height,
controlling the output of solar cells from full to partial output, protecting them, and accurately.
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I. Introduction
Global energy demand is met by the generation of energy using fossil fuels and leads to carbon dioxide
concentration rises each year [1], [2]. The only way to reduce this risk is for humanity to turn toward greener
energy sources, where the most common energy source on the planet is solar energy. Solar radiation is essential
for renewable energy, and its variations through the day, over the seasons, and at different geographical locations
make control difficult. Solar irradiation is the total light energy the sun produces and reaches Earth; it is an
essential natural resource that powers life and technology on Earth [3]. Although solar radiation is necessary to
generate electrical energy using solar cells, high radiation negatively affects the operation of photovoltaic systems
[4]. A photovoltaic system (PV) converts sunlight into electric current. It is formed up of several parts, such as solar
panels that collect and convert solar radiation into electrical power, an inverter that changes the output from direct
current (DC) to alternating current (AC), and other electrical accessories needed to assemble the system [5].
Studies have shown the negative effect of high irradiance, especially in hotter climates, on the properties of solar
cells. Irradiance directly impacts current and voltage in a cell, with efficiency increasing initially at 600 w/m  and
decreasing at 1000 w/m  [6]. Different types of coatings and protective films have been used over solar cells to
provide controlling by filtering radiation, Where zinc oxide nanocomposite film coatings were used using the sol-gel
method to absorb ultraviolet rays and protect solar cells from degradation [7], While filter papers of different colors
were used to evaluate the electrical performance and determine the relationship between wavelength and photon
energy[8 , 9]. While previous studies have demonstrated the effectiveness of protective layers, they did not provide
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dynamic solutions capable of adapting to instantaneous changes in radiation. Based on the patent [10 , 11] that
demonstrated the ability to dynamically control radiation using liquid crystals as protective membranes. Baayoun
and Z.Chen [12] proposed to regulate the energy of photovoltaic cells by combining them with PDLC smart film,
which has the ability to regulate solar radiation in both opaque and transparent states. PDLCs are a significant
advancement in liquid crystal technology, with their electrically controlled switching being a key characteristic.
PDLC composite films involve liquid crystal (LC) embedded in a polymer matrix with micrometer or nanometer
sized droplets. These films usually exhibit a milky white dispersing condition because of the irregular orientation of
the LC droplets inside the polymer matrix [13]. PDLC films are a flexible and effective solution for a range of
applications, and they have emerged as a potential technique for managing solar radiation [14]. PDLC films can be
used to regulate the temperature of PV modules, ensuring that they operate within their optimal temperature
range. Khalid studied the use of white PDLC in low-concentration photovoltaic systems by putting PDLC upper of
solar cells to modify their operating temperature to evaluate the temperature organize effect of white PDLC, while
the production rose by 37–47 mw, the ultimate temperature dropped by 4°C [15]. Researchers have focused on
providing passive protection and dynamic control solutions, but smart films have not been used to detect solar cell
faults instantly.
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