S HJNIVERSITY OF
www.energy.soton.ac.uk out ampton

Automatic fault detection In infrared
thermographic images In
photovoltaic arrays using deep
convolutional neural networks

A. Klink, A. S. Bahaj, P. A. B. James, and A. Walker
Energy and Climate Change Division &
Sustainable Energy Research Group

University of Southampton, Southampton, UK



UNIVERSITY OF

Southampton

The Problem

- Infrared Thermography:
Picture of Temperature of Panels
- Trained Human can ldentify Flaws
but is Time Intensive

C rac ke d Pa n e I Image by DanielBarker,used undercc-by-2.0 license
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Capturing the Images
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Capturing the Images

« Drone-based Imagery

« Drone flight-path planned
in advanced

« Camera currently
controlled manually




Creating the Data
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« Manual conversion of data from historic PDF reports

to CSV tables and raw files
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Data Augmentation
Rotation, Crop, Flip, Zoom, Skew, Brightening
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Fault — Hot Cell
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Data Augmentation
Rotation, Crop, Flip, Zoom, Skew, Brightening

Fault — Hot Cell
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Deep Learning

NS ' - Public Domain Image by Sewaqu

Automatically
predicting data
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Deep Learning

Image by Luis Serrano

- Built out of Neurons

- Follows human brain

- Can form complex
shapes with simple
addition/multiplication
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Deep Learning

Public Domain Image by Zufzzi

- Many layers of Neurons

- Needs more data

- Can model complex
non-linear relationships




Deep Learning
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Image by licensed underCC by-sa 4.0

- Neural Network

for Images

- Good for classification
- Often better than

humans


https://commons.wikimedia.org/w/index.php?title=User:Aphex34&action=edit&redlink=1

UNIVERSITY OF

Southampton

DNN Training Accuracy

Results

* Deep Neural Network
Accuracy 0.6

« 75% training o

0.2

* 54% on test data |
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Summary

Infrared Thermography (image of heat):
v' Can be used to cheaply find faults in PV solar
modules

Deep Learning: complex automated computer

prediction

v' Can be 'trained’ with known data

v Not designed for images, but achieved 54%
accuracy on test data

Convolutional Neural Network

v' Can predict likely fault type of solar panel

v Designed for images, and achieved 76% on test
data.
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