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Using Convolutional Neural Networks and 

UAVs to Detect Faults on Solar Panels

 The use of renewable energy solutions like solar photovoltaic panels (PVs) is increasing at a great speed. But, PVs

efficiency can be greatly affected due to problems that may occur inside those panels. One of them is named ‘Hotspot’.

Hotspots in PV panels refer to faulty cells that need to be replaced in order to restore the lost efficiency in the total output

power production. .

 Convolutional Neural Networks (CNNs) are known to have advantages in pattern and image recognition when compared

with other techniques. In order to capture the images needed for CNN algorithms’ input, an UAV was used with an

attached thermal camera.

UID/EEA/50008/2013

Radio Systems

IT-Lisboa

Figure 1. ANNs training process. Figure 2. CNNs internal behavior.

 Artificial Neural Networks (ANNs) receive the input and then tries to produce an output. This output is compared with the

desired output. The difference between this comparison is called ‘Error’. In this process, the neural network will be

constantly trying to adjust its weights in order to produce outputs with a lower error value.

 CNNs are a type of standard ANNs. A CNN consists of one or more convolutional layers, often with a subsampling layer,

which are followed by one or more fully connected layers as in a standard neural network. In CNN algorithms, the training

process is done by analyzing an input dataset of “labeled” images. These images play a crucial part on the success of

CNN image classification (feature extractor, used for object detection). After extensive training, and as output, the CNN

algorithm will be capable of automatically identify problems / faults on solar panels using thermal imaging.

Figure 4. CNN identifies a faulty cell with 98% certainty.

Convolutional Neural Networks proved that automatic fault

detection made by artificial intelligence algorithms is no longer a

complicated and time-spending process. The implementation

process was quite simple, yet fine-tuning is the only procedure

that takes more time to achieve the desired results.

Figure 3. UAV with an attached 

thermal camera


