
Deterministic Detection of Photovoltaic 
Panels in Aerial Images

Emiliano Tramontana, 19.12.2023

Dipartimento di Matematica e Informatica, Università di Catania



Detection of Photovoltaic Panels in Aerial Images, Emiliano Tramontana, 19.12.2023

Motivations
• Aerial images can be used to estimate the amount of green energy 

production expected in a community 

• For this, it would be necessary to detect (and then measure) the 
photovoltaic (PV) panels from aerial images. PV panels can be recognised 
on the basis of colours 

• A great amount of colour gradations are represented in a PV panel, and 
some of the colour gradations in PV panels are also found elsewhere 

• Research objective: can we obtain PV panel detection without resorting to 
a machine-learning approach? [Yes] The expected benefits are: 
explainability, fast execution (no training)
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Other Approaches for PV Detection
• Employ CNN-based architectures 

• Require large annotated datasets  

• Require relevant computational resources for training 

• Lack of explainability
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Proposed Approach
• Phase 1: Analyse colours in images, find background colours, very dark or 

very light PV panel colours 

• Phase 2: PV panel colour extraction (from an annotated dataset) 

• Phase 3: PV panel detection 

• Phase 4: Denoising, find and exclude pixels that were marked as PV 
colours, however represent less than a third of the pixels in a moving tile
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Phase 1: Classification of images
• Phase 1a: RGB colours were collected, and if a colour was in both labelled 

region (LR) and background (BR), then it was considered a PV panel 
colour if it was found more often in LR than in BR
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Phase 1: Classification of images
• Phase 1b: using HSL (Hue, Saturation, Lightness) colours, images where 

panels had a high number of dark pixels (n > half of total, lightness < 0.2) 
were removed 

• Phase 1c: using HSV (Hue, Saturation, Value) colours, images where 
panels had a high number of saturate pixels (n > fourth of tot, satur > 0.33) 
were removed

dark panels light panels detectable panels
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Phase 2: Colour Extraction
• Starting from the set of colours found in the labelled region (LR), the 

subset of LR colours that are also frequent in the background (BR) were 
removed 

• Then, from the set of PV colours remained, the dark colours and the 
saturated colours were removed 

• The result is a set of colours (as RGB values) typical of PV panels
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Phase 3: PV Panel Detection
• The set of PV colours is searched in an unknown image, and the pixels 

found are marked in green
panels pixel found for panels
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Phase 3: PV Panel Detection
• A moving tile 5x5 (blue) was overlapped and when more than 75% of tile 

pixels are green then the whole tile becomes blue; similarly for a tile 11x11 
(red)



Detection of Photovoltaic Panels in Aerial Images, Emiliano Tramontana, 19.12.2023

Results
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Conclusions
• The proposed solution determines the range of colours that are typical of 

PV panels, then analyses images to locate such typical colours and find 
boundaries of PV panels by considering both the colours and their density 

• The proposed approach is deterministic, robust, and much faster than 
other previous neural-network-based approaches
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