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Motivation
The most common assessment method[1] of a
photovoltaic (PV) system is by comparing its
energy production to reference data (irradiance or
neighboring PV system). At normal operation,
these sets of data tend to show a linear
relationship. Deviations from this linearity are
mainly due to malfunctions occurring in the studied
PV system or data input anomalies and they have
to be detected to study separately for the detection
of any occurred malfunction.

Research Target 
To deliver an algorithm that:
•Automatically clusters the points of a scatterplot which 
tends to follow linear regression to:
1. Inliers – points that comply with the linearity.
2. Outliers – points that do not.

Application of the algorithm:
It is applied to the scatterplot for two main
purposes:
a) to detect and separate measurements where the

PV system is functioning properly from the
measurements that show that the photovoltaic
(PV) system is malfunctioning.

b) to detect and exclude any data input anomalies,
mainly due to use as reference data global
horizontal irradiance converted to tilted
irradiance from solar models.

Conclusions
•The proposed method is offering a low cost  monitoring solution, since it needs only a simple 
Pac data logger, to small residential PV systems, since it requires only PAC of two neighboring 
PV systems, with similar tilt and orientation.

•Can be used as well for the comparison of any type of datasets which tend to be linear
•Neighboring panel or PV system offers more precise monitoring than a pyranometer
•In current form it is perfect for malfunction detection and performance analysis of 
micro level power electronics (MLPE) systems
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For each cluster the histogram of 
the errors and its polynomial fit 
are created in order to obtain the 
following three extrema:
1. Global maximum as the most 

common error
2. Two local minima (left & right 

of maximum) as the thresholds, 
where points within them 
considered as inliers

Error
𝜀 = 𝑌, − 𝑌I

For the three different 
groups of extrema, 

their polynomial fits are 
calculated and solved 

with respect to Yf:

Step 1 Step 2 Step 3 Step 4

The Sample is 
clustered based on the 
reference data level. 

Each cluster is studied 
separately in the next 

phase

Final result

Initia
l S

catte
rplot

Examples

Ran.Sac.[2] filters any 
extreme outliers

Every measurement 
between the upper and 

lower threshold is 
characterized as inlier 
and outside as outlier

•𝑌,,KLMNI = 𝜀KLMNI
OLKP 𝑌< + 𝑌<

•𝑌,,RSSNI = 𝜀RSSNI
OLKP 𝑌< + 𝑌<

•𝑌,,TUV = 𝜀TUV
OLKP 𝑌< + 𝑌<

Purpose 1
Detect and separate measurements where the PV system is functioning 

properly from the ones that the PV system is malfunctioning. 
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reference Data 1 (Yr)
Neighboring panel with Power 

optimizer

Reference Data 2 (Yr)
Solar Data from Pyranometer
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Neighboring panel with Power optimizer

Reference Data 2 (Yr)
Solar Data from Pyranometer

Purpose 2
Detect and exclude any data input anomalies, manly due to use of GTI 

and solar models as reference data.

Examples
Studied PV, Yf: PV systems on rooftops in Utrecht area

Reference Data, Yr: Global Horizontal irradiance, obtained by local weather station 
and converted to tilted irradiance through the HDKR model3

Causes of outliers: a)Geospatial reasons – Station is far from PV Systems
b)Errors of transition models 
c)Shadow

Neighboring Panel is more precise as 
reference data

The shadows of each of the 3 panels is visible

Neighboring Panel is more precise and linear, 
since its production is also reduced in higher 

temperatures

The majority of measurements tend to be 
linear, although a curve is formed wich is still 

detected by the algorithm

mailto:O.Tsafarakis@uu.com
mailto:sinapis@ecn.nl

