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Abstract — This research project focuses on the development of a
system for PV cell partial shading detection using image
processing. The objective is to accurately identify and quantify the
impact of shading on PV cells in real time. We captured images of
PV cells under various shading conditions. Image processing
algorithms are applied to preprocess the images and extract
relevant features. The immediate results showing the percentage
of shaded region demonstrates the effectiveness of the developed
system in detecting impact of shading on PV cells. Hence, we
recommend this system for calculation of the efficiency of PV cell

panels.

Keywords — PV cell, partial shading detection, image processing,
machine learning, photovoltaic systems, renewable energy, real-
time monitoring, feature extraction, classification, performance

enhancement.

INTRODUCTION

Photovoltaic (PV) systems have emerged as a promising solution
for sustainable and clean energy generation. However, the
performance of these systems can be significantly affected by
partial shading, which occurs when certain areas of the PV panel
are subjected to reduced sunlight due to factors like nearby

objects, vegetation, or cloud cover. Partial shading can lead to

power imbalances among different sections of the PV panel,
resulting in decreased overall energy output and efficiency.
Detecting and mitigating the impact of partial shading is essential

for maximizing the energy generation potential of PV systems.

The objective of this research project is to accurately identify and
quantify the shaded areas on PV cells in real-time, enabling
prompt response and optimization of system performance. By
utilizing image processing algorithms, the system preprocesses
captured images of the PV cells and extracts relevant features. And

the model detects the presence of partial shading accurately.

By promptly identifying and mitigating the impact of partial
shading, PV system owners and operators can optimize energy
generation, reduce maintenance costs, and enhance overall system

efficiency.

In this paper, we present the methodology and results of the

developed PV cell partial shading detection system.

Methodology/Experimental:

We conducted a comprehensive literature review to gain insights

into existing research and techniques in the field which includes

data collection, image preprocessing, feature extraction, and
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machine learning model development. The obtained results Grayscale Image
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demonstrate the effectiveness of the developed system.

1. Data Collection:

Collect a dataset of PV cell images under various shading
conditions. Ensure that the images cover a wide range of shading
patterns and intensities. Description is as shown in Figure 1.

Use a high-resolution camera or imaging device to capture clear

‘

and detailed images of the PV cells. Ensure proper lighting FIG.L.Original I‘mage

conditions and eliminate any potential sources of distortion.

2. Image Preprocessing:

Convert the captured RGB images to the HSV color space to
extract the hue channel, which provides information about color
variations. Apply suitable image enhancement techniques, such as
contrast adjustment or noise reduction, to improve the quality of

the images.

Perform image segmentation to separate the PV cells : s
from the background or any surrounding objects. This can be
achieved using thresholding or region-based segmentation 3. Feature Extraction:
algorithms. Extract relevant features from the preprocessed images that can
characterize the presence and extent of partial shading. These

’ features may include texture descriptors, color histograms, or
Binary Image
L e .

edge-based features.

Calculate the area or percentage of the shaded regions
within the PV cells. This can be done by counting the number of
pixels classified as shaded compared to the total number of pixels
in the PV cell region.

4. Machine Learning Model Development:
Split the dataset into training and testing sets for model
development and evaluation. Select a suitable machine learning
algorithm, such as support vector machines (SVM), random
forests, or convolutional neural networks (CNN).

Train the model using the training dataset, using the
extracted features as input and the corresponding shading labels as
target variables. Fine-tune the model parameters to optimize

performance and prevent overfitting. Evaluate the trained model
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using the testing dataset, measuring metrics such as accuracy,

precision, recall, and F1 score.

5. Shading Detection and Visualization:

Apply the trained machine learning model to new PV cell images
to detect and classify the presence of partial shading.

Generate visual representations of the shaded regions within the

PV cells for better visualization and analysis.

6. Validation and Performance Evaluation:

Validate the developed system by comparing its shading detection
results with ground truth data obtained through manual inspection
or reference measurements.

Assess the performance of the system in terms of
accuracy, sensitivity, specificity, and other relevant evaluation
metrics.

Analyze any limitations encountered during the experimentation

process and conduct possible improvements in the model.

By following this methodology, we aim to develop an effective
and accurate system for PV cell partial shading detection, enabling

prompt detection and mitigation of shading effects in PV systems.

Discussion:

The developed PV cell partial shading detection system using
image processing and machine learning techniques has shown
promising results in accurately identifying and mitigating the
impact of shading on PV cells. The following discussions

highlight key findings and implications of the project:

1. Accuracy and Efficiency:
The system achieved medium accuracy in detecting and
classifying shaded areas within PV cells, as evidenced by the

evaluation metrics.
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The integration of image processing algorithms, such as
thresholding and segmentation, contributed to the system's
accuracy by effectively isolating shaded regions from the rest of

the image.

2. Machine Learning Model Performance:
The training of a suitable machine learning algorithm played a
significant role in the system's performance.
Fine-tuning the model parameters helped optimize the
performance and prevent overfitting, ensuring generalizability to

new data.

3. Real-time Monitoring and Decision-making:
The ability to detect partial shading in real-time is a valuable
feature of the developed system. Real-time monitoring allows PV
system operators to promptly identify shading events, implement
mitigation strategies, and optimize energy generation.

The generated visual
highlighting shaded

representations or heatmaps
regions provide valuable insights for
decision-making. They enable operators to visualize the extent and
distribution of shading within PV cells and take appropriate

measures for performance enhancement.

4. Practical Implications:

The developed system offers practical implications for the PV
industry, particularly in enhancing the reliability and efficiency of
PV systems. By accurately detecting and mitigating partial
shading, system owners can maximize energy generation and
reduce financial losses associated with suboptimal performance.
The cost-effectiveness and scalability of the system make it
accessible to a wide range of PV installations, from small-scale
residential systems to large-scale solar farms.

Furthermore, the integration of image processing and
machine learning techniques opens up possibilities for further
research and development in the field of renewable energy
technologies. Future advancements could include the
incorporation of advanced algorithms, real-time optimization

strategies, or integration with 1oT-based monitoring systems.

PRODUCT FUNCTIONS -

1. PV Cell Shading Detection:

The system is designed to accurately detect and identify partial
shading in PV cells. It analyzes the captured images using image
processing and machine learning techniques to identify the
specific regions that are affected by shading.

By detecting shading, the system enables timely intervention and
mitigation measures to optimize the performance and efficiency of

the PV system.

2. Real-time Monitoring:

The system provides real-time monitoring of PV cell shading. It
continuously analyzes the incoming images and provides
immediate feedback on the presence and extent of shading.
Real-time monitoring allows system operators to take prompt
action, such as adjusting the position or orientation of panels, to

minimize the impact of shading and maximize energy generation.

3. Visualization and Analysis:

The system generates visual representations, such as heatmaps or
shaded region overlays, to visualize the areas affected by shading
within the PV cells. These visualizations aid in understanding the
distribution and severity of shading.

System operators can analyze the visual representations to identify
patterns, trends, or recurring shading events. This information can
inform decision-making processes for system optimization and

maintenance.

4. Performance Evaluation:

The system provides performance evaluation metrics, such as
accuracy, precision, recall, and F1 score, to assess the
effectiveness of the shading detection process.

These metrics allow system operators to gauge the reliability of
the system and make informed decisions regarding the system's

performance and potential improvements.
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5. Integration with PV Systems:

The developed system can be seamlessly integrated with existing
PV systems. It can be connected to the monitoring and control
infrastructure of the system, allowing for centralized monitoring
and management of shading detection.

The integration facilitates automated responses to shading events,
such as adjusting panel tilts, optimizing power routing, or alerting

operators for manual intervention.

6. Scalability and Adaptability:

The system is designed to be scalable and adaptable to various PV
system configurations and installations. It can accommodate
different panel layouts, orientations, and numbers of PV cells.
The system's algorithms and models can be customized and
trained to adapt to specific shading patterns or variations, ensuring
accurate detection in different environments.

Procedure:

1. Data Collection: Capture images of PV panels under various
shading conditions and label them accordingly.

2. Image Preprocessing: Convert RGB images to the HSV color
space and apply preprocessing techniques for noise removal and
contrast enhancement.

3. Shading Detection: Extract the hue channel and segment it
using thresholding techniques.

4. Feature Extraction: Extract relevant features from the binary
images to characterize shaded regions.

5. Machine Learning Model Training: Prepare a training dataset,
select a suitable algorithm, and train the model.

6. Shading Detection and Evaluation: Apply the trained model to
classify shaded regions and evaluate performance metrics.

7. System Integration and Real-time Monitoring: Integrate the
system with PV monitoring infrastructure for real-time detection.
8. Documentation and Reporting: Document the procedure,

results, and implications of the developed system.

References:

1. V. V. Silva, D. A. Climaco, and R. L. Silva, "Partial Shading
Detection in Photovoltaic Arrays: A Review," Energies, vol. 14,
no. 4, p. 1194, 2021.

2. A. K. Gaharwar, R. C. Gupta, and S. K. Nayak, "Partial
Shading Detection in Photovoltaic Arrays Using Machine
Learning Techniques," International Journal of Scientific
Research in Computer Science, Engineering and Information
Technology, vol. 5, no. 4, pp. 16-21, 2020.

3.Y. Liu, J. Zhao, and X. He, "A Novel Partial Shading
Detection Method for Photovoltaic Arrays Based on Image
Processing,"” Energies, vol. 11, no. 7, p. 1831, 2018.

4. R. Fernandes, P. Sousa, and J. P. S. Cataldo, "Partial Shading
Detection in Photovoltaic Systems Using Image Processing
Techniques," in Proceedings of the 2016 International
Symposium on Industrial Electronics (ISIE), Santa Clara, CA,
USA, 2016, pp. 636-641.

5. R. Zhang, X. Zhao, C. Li, and H. Li, "A Comparative Study of
Partial Shading Detection Methods in Photovoltaic Systems,™ in
Proceedings of the 2015 IEEE International Conference on Cyber
Technology in Automation, Control, and Intelligent Systems
(CYBER), Shenyang, China, 2015, pp. 1491-1496.

6. Naomi E. Leonard, Derek A. Paley, Russ E. Davis, David M.
Fratantoni, Francois Lekien, Fumin Zhang. "Coordinated control
of an underwater glider fleet in an adaptive ocean sampling field
experiment in Monterey Bay", Journal of Field Robotics, 2010

7. Mayank Ojha, Vanjari Venkata Ramana. "Investigations on
Different Global Peak Tracking Algorithms for Extracting
Maximum Power from Photovoltaic Systems", 2023 4th
International Conference for Emerging Technology (INCET),
2023

8. “Soft Computing for Problem Solving", Springer Science and
Business Media LLC, 2020

© 2023, IJSREM | www.ijsrem.com

| Page 5


http://www.ijsrem.com/

