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Experiment and Methodology

Introduction
Image acquisition using drones, based on visual,

The outdoor EL setup consists of an AC power supply unit connected to a PV

thermographic, and more recently luminescence,

module. The forward bias signal applied to the PV consists of a AC+DC coupling
signal.

can be a viable solution for large-scale PV inspections. As luminescence can provide a highly detailed
and accurate PV module failure diagnosis, the devel-

An InGaAs camera was used so many images could be acquired in a short
time period and daylight EL in motion be achivable. The AC+DC sinoidal signal

opment of a daylight electroluminescence (EL) imag-

frequency (60 Hz) corresponded to half of the frame rate (120 Hz) of the

ing capability is of high importance.

camera performed this way for the EL and background (BG) images acquisition.

EL imaging performed in the field during the day

Electrical
signal
applied
to the PV
panel
and
image
acquisition

requires the enhancement of the relatively weak luminescence signal over the noise from the sun,
which requires the highly accurate registering of the
of individual module images. Here we describe and

Test bed top view
The camera was mounted on a
tripod over a rail to replicate the
moviment performed by a drone

perform EL image processing on a module with A, B
and C mode cracks to assure quality of the EL images
in any camera orientation and motion speeds.

Image Processing
While image processing for stationary EL corresponds to EL / BG image
separation, averaging, BG subtraction
and finally quality control, images acquired in movement add a much
higher level of complexity to this process.
In each frame, the panel is firstly detected and roughly segmented. That
allows to compensate the motion between different frames and register
across all images of the sequence. After
the denoising by averaging and BG
subtraction steps, the perspective deformation is corrected to obtain a perfectly aligned panel.
The colors indicate High, Medium
and Low complexity of the image processing performed by the algorithm.

Mean of pixel numbers of EL image sequences used for EL / BG separation

The curve shape indicates
sun irradiance variation during
image acquisition
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GHI: 775 W/m2
POA: 849 W/m2

GHI: 761 W/m2
POA: 841 W/m2

Speed 1: 0.8 m/s

Speed 2: 1.5 m/s

Motion in X: Displacement
Motion in Y: Vibrations

Conclusions and Outlook
We obtained in this work for the first time outdoor EL images from a cracked
PV panel acquired in motion under bright sunlight (>800 W/m2 in the POA).
The images obtained by motion compensation have an average quality and
major cracks such as B and C cracks are possible to be recognized.
To improve from average to high quality, the next step is to apply perspective
correction to all acquired images separately to register them better before averaging and subtraction. This new approach is challenging as it needs the perspective
correction to be perfectly robust across images.
The application of such image corrections will support the development of
UAV-based PV plant EL inspections.
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