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Definition of Acronyms

Cl Calinski-Harabasz Index

CL Complete Linkage

DBI Davies-Bouldin Index

DBSCAN Density-Based Spatial Clustering of Applications with Noise
DI Distortion Index

GUI Graphical User Interface

MVM Minimum Variance Method

PV PhotoVoltaics

SL Single Linkage

UPGMA Unweighted Pair Group Method Average
UPGMC Unweighted Pair Group Method Centroid
WPGMA Weighted Pair Group Method Average
WPGMC Weighted Pair Group Method Centroid

Note: Mathematical symbols and terms are explained directly in the corresponding sections.
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EXECUTIVE SUMMARY

Deliverable 3.1 titled “PV generation profiling methodology”, includes two major parts: a) The
mathematical formulation of the generation profiling methodology and b) the description of the GUI.
The first part presents the stages of the methodology. Specifically, it provides information about data
representation, clustering algorithms and clustering validation is provided. The methodology includes
static and dynamic PV generation profiles. The static profiles are obtained via the application of
clustering algorithms. The dynamic profiles are formed utilizing information on weather variables.
The second part concerns the GUI description. It serves as a detailed step-by-step description of the
functions of the profiling methodology. Thus, the profiling methodology described in the first part is
materialized into a user-friendly GUI. The GUI can be distributed as an .exe file and can be run on
standard pc systems.
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1 INTRODUCTION

The PV generation profiles extraction procedure involves only PV generation data. The generation
data are clustered into clusters and the clusters profiles are obtained. Figure 1 presents the input
data flow between the Deliverables of the WP3. The data collected from the PV installation are used
in all Deliverables. The outputs of the methodology of Deliverable 3.1 are utilized as inputs in
Deliverable 3.2 and Deliverable 3.3.

The PV generation profiling methodology consists of several stages, as depicted in Figure 2. The
methodology aims at formulating static and dynamic PV generation profiles of a given data set. For
the purpose of developing a robust methodology, a variety of clustering algorithms and clustering
validity indicators or adequacy measures are considered. This approach allows the user to examine
various algorithms of different operation and thus, studying in a more detailed manner a data set and
draw more safe and reliable conclusions.

Inputs from PV site

T

Deliverable 3.1 Deliverable 3.2 Deliverable 3.3 Deliverable 3.5

Figure 1. Inputs flow between the Deliverables of WP3.

2 PV GENERATION PROFILING METHODOLOGY
2.1 DATA REPRESENTATION

The first stage of the methodology is data collection and representation. The target variable is the
PV generation. We denote with the term “pattern” a daily PV generation curve. Let p,,, be the pattern
of the m-th day, m = 1,2, ..., M and M the number of days that the data set refer to. It is expressed
as:

Pm = [Pis -+ Pinl (1)

where t = 1,2, ..., T is the time step of the metering interval. For instance, if data are collected every
15 min, then T = 96. The set that contains the generation data is denoted as P = {p,,, m = 1,..., M}.
Clustering involves the similarity of the PV generation curves. Each pattern of the set should be
normalized in the proper range before entering in the clustering algorithm. Let p,,,4, be the maximum

Deliverable D3.1 — PV generation profiling methodology 7 | 45



ADVANCED WORKFORCE MANAGEMENT

S LAR @ PANAMA

value of P. The normalization in the [0,1] region is accomplished by dividing each pattern p,, with
Pmax- Let x,,, be the normalized pattern. It is:

oy = 1 (2)
The set of the normalized patterns is denoted as X = {x,,,m = 1,..., M}. The scope of the clustering
process is to define a set of patterns C, = {c,k =1,...,K,1 < K < M} where k is an indicator
denoting the k-th cluster and K is the number of clusters. The centroid ¢, of the k-th cluster is
expressed as the average of all patterns that belong to the cluster:

Gk = - Sma Xm (3)

where M, is the number of patterns that belong to the k-th cluster. Apart from the centroids set, the
clustering outcome involves the membership of each pattern to the k clusters. Let uy,, be the
membership of the m-th pattern to the k-th cluster. Let U = [uy,,] be the partition matrix of set X. The
scope of clustering is to group together patterns x,, so that [1]:

Deliverable D3.1 — PV generation profiling methodology 8 | 45
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Figure 2. Flow-chart of the PV generation profiling methodology.

C,#0, k=12,..K (4)
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GNC=0, i=12,.,K j=12.,Ki#]j (5)

Ui e =x (6)

Clustering assigns each pattern to one cluster such that:

I, x eC -
u =
km O, xm & Ck ( )

Equation (3) determines the centroids of the clusters. These are expressed in per unit values, i.e.,
values within the [0,1] range. By multiplying with p,,... the centroids are expressed in physical units.
Let s, be an indicator denoting the static profile of k-th cluster. Static profiles are derived utilizing
historical PV generation data. They can be used to describe a data set P in cases where no new
data records are available. Static profiles are obtained through the clustering of the historical data.
Itis:

Sk= Ck Pmax (8)

The set that contains the static profiles is denoted as S, = {sy,k =1,...,K,1 < K < M}. Dynamic
profiles are derived using weather-related information. A linear regression model is applied per
cluster to derive the relationship between generation and weather variables.

2.2 STATIC PROFILES FORMULATION
2.2.1 Outlier detection

The term “outlier” refers to atypical patterns that are present in the original data set. These patterns
can be real extreme values of the target variable or metering failures and erroneous operation of the
metering equipment. The outlier detection is held via the DBSCAN algorithm. Let n be a point for
clustering. The DBSCAN algorithm considers three types of points, namely, central points, density-
reachable points or outliers based on the following rules:

1. A point n is a central point if at least MinPts points are at a distance ¢ from this and these points
are directly accessible from n. No point is accessible from a non-central point.

2. A point o is densely accessible from a point n, if there is a path n4, ...,n, withn, =n and n,, =
o where every n;, 4 is directly accessible from n;. This means that all points of the paths must be
central, except for o.

3. Points that are not accessible from anywhere else are considered outliers.

If the point n is a central point, then it forms a cluster together with all the points (central or not),
which are accessible from it. Each cluster contains at least one central point. Parameter MinPts the
minimum number of points required to create an area, i.e., a cluster. The algorithm starts from a
random point. Next all the points of the neighborhood are obtained, i.e., points that correspond to
greater distances than & If the number of points is greater than MinPts, a cluster is created. If the
opposite is the case, the point is considered as an outlier. If a point is a dense part of a cluster, then
its neighborhood is a subcluster of it. Thus, all points within the neighborhood are added to the
cluster, as well as points in the e&neighborhood of each of these points. This process continues until
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finding the densely connected cluster. Then a new point is selected, and the above procedure is
followed, to detect additional cluster or noise.

2.2.2 Clustering Algorithms

The selection of clustering algorithm is critical to the methodology's robustness. The methodology
involves the family of hierarchical agglomerative clustering algorithms. Hierarchical clustering groups
data not in one step as in partitioning clustering, but through a number of steps. It refers to the
creation of sub-clusters within clusters organized in the form of a tree, i.e., dendrogram. The tree
structure consists of a) nodes in its trunk that correspond to clusters, b) leaves corresponding to sub-
clusters and c) root that corresponds to the initial number of clusters. The initial number of clusters
equals the number of patterns. This means that initially every pattern in the data set consists of
singleton clusters, i.e., clusters that contain one pattern. The root node of the tree represents the
entire set of patterns and each leaf node is considered a pattern. Intermediate nodes describe the
degree to which patterns are close together, whereas the height of the tree usually expresses the
distance between two patterns or clusters or between a pattern and a cluster. The results of the
clustering can be obtained by "cutting" the tree at different levels. Through a series of
agglomerations, one cluster is produced that includes all patterns. The user provides the termination
condition of the agglomerations and the clusters are obtained. A characteristic of hierarchical
clustering is the fact that it assigns patterns to the various clusters permanently. Figure 3 shows an
example of a dendrogram. The horizontal axis refers to the observations, i.e., the patterns. The
vertical axis refers to the distortion, which is a clustering adequacy measure. Hierarchical
agglomerative clustering algorithms start with A singleton clusters. Next, the calculation of the MxM
takes place. The minimum distance between the centroids is calculated and they are merged to form
a new cluster. The matrix is updated, and the distances are calculated again. The process is stopped
when one cluster is derived. The merge of a pair of centroids depends on the distance function
between the current centroid and the new one.

2.0

Distorian

=
L=}

0.5 4

0.0 ’_.Iﬁ

S PLEHPOA DY P ‘\lu,!u,_p I =B B T T e R, e . <]

Observabions

Figure 3. Example of a dendrogram.
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Let d(:,-) be the operator that denotes distance. Let C,,, C; be two different random singleton clusters
of the data set X. Also, let C;,C; be the clusters that are merged to form a new cluster C;;. The

minimum distance d(C;, C;) is calculated as:
d(C,G) = min d(Cn,C,) ©)

Equation (9) provides the minimum distance between all the random pairs C,,, C;.
After the calculation of the distance the proximity matrix is updated by calculating the distances
between the newly formed cluster C;; and the rest. The general form of the distance function is given

by:
d(C, (C;, €)) = a;d(Cy, C;) + a;d(Cy, C;) + Bd(Cy, C;) + v|d(C, C;) — d(C, C;)| (10)

where a;, a;,  and y are coefficients that define the agglomerative algorithm. Let M;, M; and M; be
the number of patterns that belong to clusters C;, C; and C;, respectively. Table 1 present the values

of the coefficient per algorithm. There are seven agglomerative algorithms that differ in the definition
of the distance function. The following simplified terms can be used to name the algorithms: Single
(SL), Complete (CL), Average (UPGMA), Weighted (WPGMA), Ward (MVM), Median (WPGMC) and
Centroid (UPGMC) [2].

Table 1. Coefficients of the hierarchical agglomerative algorithms.

Algorithm a; a; B y
SL 0.50 0.50 0 0.50
CL 0.50 0.50 0 0.50

PGMA %
U 0.50 M+ M, 0 0
WPGMA 0.50 0.50 0 0
WPGMC 0.50 0.50 -0.25 0
UPGMC M; M; _ MM 0

M; + M, M+ M, —M;
MVM 0
M;+M;+M, | M; + M; + M; | M; + M; + M,

Deliverable D3.1 — PV generation profiling methodology
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2.2.3 Clustering Evaluation

Clustering evaluation is held with a set of clustering validity indices or adequacy measures. Each
measure examines specific characteristics of the generated partitions, like compactness, separation,
and others. The measures are built on the Euclidean distance. Let x; and x; be two patterns that
(xs x¢) € X. The Euclidean distance dg,;(:,-) is calculated as:

T
deualio ) = 2 ST,k = xb)? (1)

Let S, be the subset of X that belong to cluster C,. The DI is the geometric mean of the inner-
distances between the members of the subset S,. It is:

1
D= [ % % € Sedhua (o) (12)

The ClI refers to the ratio of the dispersion among the different clusters and the dispersion within the

same cluster:

CI:Aé_f- = (13)

where p is the arithmetic mean of X. The DBI is expressed as the ratio of the sum of the most similar

clusters to the distance of their centroids:

DBI=

~| =

K d(S,)+4d(S,) 14
Zmax{ d(c.c,) } (4)

where ¢, ¢; € Cx. The adequacy measures operation is two-fold: a) To evaluate an algorithm's
performance and b) to denote the optimal number of clusters [3].

2.3 DYNAMIC PROFILES FORMULATION

The static profiles are the product of the clustering process. Through the exploitation of the static
profiles, conclusions about the PV generation patterns can be obtained. Also, no continuous and
intense collection of further PV generation are needed. The static profiles result in lesser
requirements of data collection since the generation patterns can be described and represented with
the profiles. However, if it is required, additional generation data can be gathered and a new
clustering analysis will be executed and new static profiles will be formed. In cases where limited
data are available generation data are available, the dynamic profiles concept can be adapted. The
dynamic profiles correspond to the updated static profiles. This update refers to the adjustment of
the static profiles considering recent recordings or predictions of temperature and irradiation. This
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means that the shapes of the static profiles are adjusted to fit to the recent meters of meteorological
data or predictions of them. With this approach, the need of continuous gathering of generation data
is limited. The profiles are updated only with weather related data. Therefore, the dynamic profiles
are weather adjusted profiles of the daily PV generation curve clusters. After the application of
clustering, the patterns are grouped into clusters. Apart from generation data, solar irradiation and
temperature curves can be grouped together to the clusters that the corresponding days grouped to.
A piece-wise linear regression model is applied to each cluster whose regression parameters are
estimated using a search algorithm. The number of regression models equals the number of clusters.
Hence, the number of dynamic profiles equals the number of static profiles.

The scope is to derive the function that describes the relationship between generation and one hand,
irradiation and temperature on the other. Through the Gradient Descent search algorithm, the best
possible statistical fit to the historical generation data is extracted. The linear regression approach
considers that the dependent variable, i.e., generation is a linear function of the explanatory or
independent variables. Let d; be the dynamic profile of the k-th cluster. Also, let T}, and I, be the
temperature and solar irradiation of the k-th cluster, respectively. The model to derive the dynamic
profile is:

dk=ﬁ+x1Tk+x21k+€ (15)

where g is the intercept term, x; and x, are random variables and e is the error term. The random
variables are estimated via the Ordinary Least Squares Algorithm (OLSA). Equation (15) denotes
that the dynamic generation profile is a linear combination of the weather variables that affect the
generation capacity of the PV system. In order to increase the forecasting accuracy, the OLSA
minimizes error e:

e=2{(=1dk—dAk (16)

where d,, is the predicted dynamic profile if the external variables T, and I, where forecasts. Equation
(15) can be expressed in matrix form as:

d% 1 x1’1 cee m BO el
d=|: [, X=|: S S ]’ﬂ= Ple=|¢
d]I;n 1 XYm1 °° Xmm ,Bm €m
Equation (16) can be rewritten as:
e=YTY —YTXB — BXTY + BTXTXP (17)

The error minimization is accomplished via the following condition:

de

— RTyTy _ yT
o5 =0=B"X"X-Y"X (18)

The solution of the above equation is:
g =XTxX)"1xTy (19)
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The evaluation of the performance of the regression model, the following indices are utilized:

e Coefficient of correlation or R*:

R =1-—22 (20)

where RSS is the residual sum of squares, which is expressed as:

RSS = ¢’ (21)
and SYYis the sum of squares, which is expressed as:

SYY=> (d ) (22)
where d_k is the average of 4 .

« Adjusted coefficient of correlation, R}, :

1-R*)(k—-1)
R, =1 {ZR)E]
" { o (23)
where pis the number of variables excluding the constant term g.
o F-statistic:
=2 =2
F- {(’%)Z#} (24)
o

where » .. x, are the independent variables of the regression model and - is the variance [4].
According to Equation (15) there are two independent variables.

3 RESULTS

Indicatively, this section presents some results on clustering of a PV data set. The PV system is 10
kWp and located in Northern Greece. The period of the data is 01/09/2018-30/09/2019 and the
metering interval is 15 min. The MVM or Ward's algorithm is selected. The algorithm is executed for
2 to 34 clusters. For each number, the values of the measures are checked. Figure 4 presents the
shapes of the metrics per number of clusters. The vertical axis in number 8 denotes that this number
is optimal number. The Cl and DI are decreasing as the number of cluster increases. For 8 clusters,
the following values are obtained: CI=170.69, DBI=1.46 and DI=246.64. Table 2 presents the day
type distribution over the 8 clusters. Figure 5 shows the centroids of the clusters. Figure 6 and Figure
7 display the patterns that belong to clusters 2 and 7, respectively.
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Figure 4. Adequacy measures per number of clusters.
Table 2. Day type distribution.
Cluster | Cluster | Cluster | Cluster | Cluster | Cluster | Cluster | Cluster
1 2 3 4 5 6 7 8
January 23 2 5 1
February 2 14 12
March 1 1 6 21 1 1
April 7 7 3 5 8
May 1 11 5 12
June 1 14 1 14
July 1 3 15 12
August 25 5
September 21 4
October 2 11 18
November 6 11 13
December 6 10 15
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Figure 5. Centroids of the clusters.
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Figure 6. The patterns of Cluster 2.
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Figure 7. The patterns of Cluster 7.
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4 GUI DESCRIPTION

The Graphical User Interface (GUI) has been developed in Python™ programming language [5].
Specifically, we have utilized the Python™ 3.7 version and the “tkinter” package, which is built into
the Python™ standard library. Figure 8 shows the schematic representation of the GUI's operation.
The GUI can be distributed as an independent .exe file. The user can install the GUI package without
installing other Python™ related software. Also, no prior Python™ programming expertise is needed
to implement and work with the GUI.

In the first stage, the user is asked to enter the PV generation data. The data can be entered in MS
Excel™ format. Actually, “.xIsx” or “.csv” types can be used. The data can be entered in row or
column vectors. Also, the data should be expressed in physical units, i.e., kW, MW and others. The
GUI supports different time resolution of the recorded data, namely 1 min, 5 min, 15 min and 60 min.
The data are normalized in the [0,1] range by dividing each data entry with the maximum value of
the specific data set. The data should contain only the PV generation. The user should manually
enter the start date that the recordings refer to. This is needed as to connect dates to the data
recordings. The clustering outcomes includes the distribution of the dates into the clusters. The next
stage includes the selection of the clustering algorithm. There are seven available algorithms.
Afterwards, the user is asked to select the adequacy measure that will validate the clustering results.
There are three available measures. Also, the user can select all measures and display them in a
single figure.

The following stage deals with the number of clusters. The desired number of clusters should be
between two and the number of days that the data cover. For instance, if one year of data is provided,
the maximum permitted number of clusters is 365. The DBSCAN clustering algorithm is used to track
outliers. The DBSCAN threshold parameter is supplied by the user. When clustering is executed,
the values of the measures are displayed starting from two and up to the number of clusters provided
by the user in the previous stage. Also, the clusters are displayed.

The user can select a cluster and examine the daily PV generation curves that are grouped together
in the specific cluster. Also, through the DBSCAN algorithm the outliers are displayed and marked
with red color. The user can decide whether they will be removed from the data or otherwise. In the
case, the user wishes to remove them, a second clustering takes place that will cluster the new data
set with one or more outliers removed. Again, all algorithms and adequacy measures are available
for this new clustering execution. The clusters centroids refer to the static PV generation profiles.

A further analysis of the data set involves the static profiles update using external variables.
Specifically, the user is asked to select the profiles that wishes to update. Next, the user provides
solar irradiation and temperature data. A linear regression is applied to the selected cluster in order
to extract the relationship between the generation and external variables. The dynamic profile of the
cluster is the output of the regression model. Though this approach, the profiles can be updated
using newly information of the external variables, i.e., newly recorded data or forecasts.

Deliverable D3.1 — PV generation profiling methodology 19 ‘ 45
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The GUI consists of four tabs (Info, Data, Clustering Indicators, Clustering). The first tab “Info”

ﬁ Clustering

ata Clustering Indicators Clustering

Univarsity of Wastsm
Macedonia

RS T RO

As we move on to the “Data” tab the user is called to import the file with the data and give some

additional information.

@ Clusteri

Info lustering Indicators Clustering

 PANAMA

University of Westarn
Macadania

o Select — ”._ .

At the first field “Select file type:” the user should select the type of the file from the option menu.
Specifically, the GUI supports two different types: a) CSV files and b) XLSX files. The imported data

should be given as row or column data.

Deliverable D3.1 — PV generation profiling methodology
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7 Clustering

lustering Indicators Clustering

 PANAMA

Univeraity of Western
Macadania

Accordingly, the user should insert the first date of the data. For instance, if the 15! date of the data
is the 15t of June of 2018 the user has to select it from the calendar.

. # Clustering m}

Info Data Clustering Indicators Clustering

 PANAMA

| Select -4‘_ >

[6/1/18

June
Mon Tue Wed Thu Fri Sat Sun
22 28 |20 |20 |21 KM 2 | 3
93 4 |5 |6 |7 |89 10
94 11 |12 (13 |14 [ 15 |16 17
95 18 |19 |20 |21 |22 |23 | 24
26| 25 |26 | 27 | 28 |29 | 30 | 1
O 2 (s |25 [ s RS

Univeraity of Weatarn
Macadonia

Afterwards, the user has to select the recording frequency of the data. This is important in order to
separate the data into days, since the observations of each day varies according to the recording

frequency. The GUI supports four different recording periods: a) 1 min, b) 5 min, ¢) 15 min and d) 60
min.

Deliverable D3.1 — PV generation profiling methodology 22 | 45



PANAMA

PRESCRIPTIVE SOLAR ANALYTICS &
ADVANCED WORKFORCE MANAGEMENT

S@;LQR-ERQ.DET

# Clustering - m} x

Info Data Clustering Indicators Clustering

PANAMA

University of Westarn
Mzcedonia

Finally, the user, by pressing “Browse”, can browse, select the data file from the computer and
open it.

If the data are imported successfully in the GUI the following message will appear.

o Data successfully imported!

The GUI also provides error messages:

1. If the user does not select a file type.

Error P
¢

e Please select a file type!

2. If the user does not select a recording frequency.

Deliverable D3.1 — PV generation profiling methodology 23 | 45



S“ LQR—QQQ,DET PANAMA

PRESCRIPTIVE SOLAR ANALYTICS &
ADVANCED WORKFORCE MANAGEMENT

# Error x

e Please select the recording frequency of the data!

3. Ifthe user does not select a correct type of file from the browse window.

t? Error >

e Invalid type of file!

4. If the user closes the browse window without selecting a file.

¢ Error >

e Please select a file!

Ok
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After the user imports the data he can move on to the tab “Clustering indicators”.

¢ Clustering

Info Data Clustering Indicators Clustering

 PANAMA

Univaraity of Westarn
Macadonia

Select indicator ——Ji
Select method 41.

0

This tab can help the user to plot the three indicators in respect to the number of clusters.
Specifically, the user should select from the option menu which indicator he wants to plot. He
has four different options: a) “Davies-Bouldin”, b) “Calinski-Harabaz”, c) “Distortion” and d)

“All of them”.

¢ Clustering

Info Data Clustering Indicators Clustering

 PANAMA

Univarsity of Weatarn
Macedonis

Select indicator —

Davies-Bouldin

j.! Calinski-Harabasz

Dictortion
All

Accordingly, the user should select a hierarchical clustering method. The GUI give as options all

the seven hierarchical clustering algorithms:

1. “ward”
2. “single”

Deliverable D3.1 — PV generation profiling methodology
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“average”
“complete”
“centroid”
“median”
“weighted”

@ Clustering — O x

Info Data Clustering Indicators Clustering

 PANAMA

All -4‘

| Select method — '

——
ward

average

complete

centroid

‘ median
weighted

University of Westsrn
Magedonia

After the method’s selection the user should give the maximum number of clusters. This is
necessary since the GUI will calculate the clustering indexes from two clusters to the maximum
number of clusters. For example, the user selects “All” for the indicators plot and the “ward”
hierarchical method. Also, he sets the maximum number of clusters equal to 15. When he
presses the “Calculate” button the following window will appear. The name of the selected
method is included at the top of the plot.

. Figure 1 == | =
AEI Q=
ward Metrics
16 1 —ik— Calinski-Harabasz —
—&— Davies-Bouldin ’
E —— Distortion L 2.0 L 30,0
e 14 4 )
o L
k= o 275 %
o Fasies ©
© = L25.0.S
12 - £ 0.E
R o c
< 3 22.5 2
L 1.0 [remtes
T m 5
X 107 I L20.0 B
£ = o
= Rt L17.5
g
L 15.0
L 0.0
T T T T T T T T T T T T T = 12'5
2 3 4 5 6 7 8 9 10 11 12 13 14
Number of clusters
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The following figures represents the widow with the plot for the rest of the indicators.

1. Davies -Bouldin

L. Figure1 = m] *x

A€> Q=M B

ward Metrics

—k— Davies-Bouldin

2.0 1

8
w
L

Davies-Bouldin Index
o

=
wn
L

0.0 4

2 3 4 5 6 7 8 9 10 11 12 13 14
Number of clusters

2. Calinski-Harabasz

X Figure 1 = O X
AE> Q=W
ward Metrics
16 —a&— Calinski-Harabasz
>
% 14 4
L=
M~
v
£ 10
2
O
=
p 10 1
("]
=
©
O 8-
> 3 4 5 6 7 8 9 10 11 12 13 14
Number of clusters
3. Distortion
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*. Figure 2 - O =

AEIPQE=EFB

ward Metrics

- .
32.5 - —&— Distortion

30.0 4

275

25.0 1

225

20.0 1

Distortion Index

17.5 1

15.0 A

12'5_IIIIIIIIIIIII
2 3 4 5 6 7 8 9 10 11 12 13 14

Number of clusters

The figure below illustrates the plot for all clustering indicators when the single method is
selected.

%, Figure 1 = [m} X

A€ PQE=V B

single Metrics

—a— Calinski-Harabasz
10 4 —&— Davies-Bouldin

> —— Distortion 1.5 I35
o]
© 0
E E x
N8 = L30 &
% Lo c c
0 o

= fox
£ 3 o
8 6 o 255
o o S
L 0.5 ¢ )
¥ @ @
[ = L200
= ' 19
T 4 =
58] 0.0

- 15
2 4

2 3 4 5 6 7 8 9 10 11 12 13 14
Number of clusters

At the second tab five different errors can appear.

1. If the user moves to the tab “Clustering Indicators” without import file.
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§ Error >

e Import Data!

2. If the user imports invalid data

¢ Error *

An error occured with the imported data!
Check the file and try to import it again!

3. If the user does not select indicator.

§ Error *

9 select an indicator!

4. |If the user does not select clustering method

# Error *

e Select an hierarchical method!

5. If the user does not select an integer value greater than one at the field “Insert the
maximum number of clusters”.
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Error >
¢

Insert an integer value greater than one at the maximum
number of clusters!

At the last tab the user is ready to implement the clustering method. The information obtained
from the “Clustering Indicators” tab are valuable since the user determines the number of
clusters according to them.

§ Clustering o [m) X

Info Data Clustering Indicators Clustering

PANAMA

Select Method —

Univeraity of Westarn
Macedonia

Before the user presses the “Edit Clusters” button he should define again a clustering method
and select the specific number of clusters.
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Insert a specific number of clusters: [0 _uerd _
Insert the DBSAN hreshold (1l postve valuey [0 BRI
Insert the DBSAN MinPts (integer positive value): [0 complee

Plot Clusters B
T TT— median
' Edit Clusters; weighted

Univeraity of Westarn
Macadania

The user should also define a value for the e parameter and the MinPts parameter of the
DBSCAN method. The DBSCAN clustering will be used later in the GUI to point out the invalid
days within each cluster. The less the value of the DBSCAN threshold is set, the more invalid
days the clustering method suggests.

At first it is assumed that the user selects the “ward” method, defines the number of clusters
equal to five, sets the DBSCAN threshold equal to 1.7 and defines the MinPts parameter equal
to two. If the user presses the “Edit Clusters” button then an intra-cluster analysis is
implemented with the DBSCAN clustering method, to detect the invalid days. The first column
contains the name of the clusters and the second column contains the number of days each
cluster has. Furthermore, the next three columns are used for a brief statistical analysis of the
cluster and express the minimum and the maximum produced power, which is occurred in the
cluster, as well as the average produced energy per day respectively. Finally, the last column
contains colored buttons. The color of the buttons can be green, which indicates that all the days
in the cluster are valid, red, which is used to warn the user that the cluster may contain invalid
observations, and cyan, which is used for the singleton clusters. In the specific example all the
buttons are green, meaning that no invalid day has been detected.

7 Clustering Information - m] x

Minimum produced
power

Maximum produced
power

Average produced
energy per day

Cluster MNumber of Days

Cluster#1 3 0.01 1511 44.101612903225806 Display Cluster#1
Cluster#2 54 0.01 17.23 182.6922222222222 Display Cluster#2
Cluster#3 64 0.01 16.27 284.99265625 Display Cluster#3
Cluster#4 114 0.01 17.14 433.3951754385965 Display Cluster#4
Cluster#3 101 0.01 1747 361.3048514851485 Display Cluster#3

Confirm Changes ‘

Deliverable D3.1 — PV generation profiling methodology

If the user wants to set another DBSCAN threshold he should close the window, without pressing
the button “Confirm Changes”, and insert another value.

In the following example, the user selects the “single” method, defines five number of clusters,
sets the DBSCAN threshold equal to 1.4 and define the MinPts parameter equal to two. He can
press the “Plot Clusters” button in order to plot the clusters. At figure with the cluster plot the
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user can get general information about the centroids and the number of days, each cluster
contains. Also, the y-axis represents the PV power and the unit of measurement depends on the
user’s data. At the specific example the data which are utilized are in values expressed in kW.

. Figure1 — m} X o
a (' ') '*’ Q = lﬁ x=27.4y=12.93
Centroids
—— cluster#1 total_obs#2
16 1 —— cluster#2 total_obs#359
—— cluster#3 total_obs#1
14 1 —— cluster#4 total_obs#1
—— cluster#5 total_obs#1
12 4
o
3 10
o
el
g
5 8
=
£
6 -
4 4
2 B
0 T
0 20

In order to get detailed information about the clusters the user can press the “Edit Clusters”
button and a new window appears. In this case the DBSCAN defines three singleton clusters,
with cyan color, and there are no invalid days within the two first clusters.

¢ Clustering Information = O X
Cluster Number of Days Miniml;r;\’:er’nduced Max\m:?w;:'rndu(ed A\;r:rgg?;;r:rddua;ed
Cluster#1 2 0.01 13.7 218.14999999999998 Display Cluster1 e
Cluster#2 359 0.01 1747 318.0323676880222 Display Cluster#2
Cluster#3 1 0.01 14.87 178.24 Display Cluster#3
Cluster#4 1 0.1 16.97 301.37 Display Cluster#4.
Cluster#3 1 0.06 14.74 281.37 Display Clusters3. w
Confirm Changes |

Since the red color is not included in the previous figure, we can change the clustering method
to ward and keep the number of clusters and the DBSCAN threshold the same. In this case we
can see that in the two out of the five clusters invalid days have been detected.

@ Clustering Information = O

o

Cluster Number of Days Minimum produced Maximum produced Average produced
¥ power power energy per day

Cluster#1 3 0.01 1511 44.101612903225806 Display Cluster#1 i
Cluster#2 54 0.01 17.23 182.6922222222222

Cluster®3 64 0.01 16.27 284.99265625 Display Cluster#3
Cluster#4 114 0.01 17.14 433.3951754385965 Display Cluster#d
Cluster#5 101 0.01 17.47 361.3048514851485 e

Confirm Changes |

As it is obvious the selection of different clustering methods leads to different results and
DBSCAN method detects different days as outliers of a cluster.

If the user presses the button “Display Cluster#1” a new window with an array will appear. As
it is obvious the first column contains the dates of the days within the cluster. The second column
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give information about the Euclidian distance between the PV production curve of the day and
the centroid of the cluster. The buttons in the third column give the ability to the user to plot the
specific day and the centroid of the cluster. In this way the user can decide whether the specific
day is outlier or not. Finally, the buttons at the last column are used in order to delete a day from

the cluster.

¢ Display Cluster#1 - u] X
Date Distortion Plot Validity
02/01/13 0.27230102751506674 Plot Day#1#1 Valid Day#120 2
07/01/13 0.34897154365928423 Plot Day#1#6 Valid Day#6%1
12/01/13 0.7049400893643178 Plot Day#1211 Valid Day#1122
18/01/13 1.1130865692235126 Plot Day#1217 Valid Day#17#3
15/02/13 0.5525269303162547 Plot Day#1#45 Valid Day#45%4
04/03/13 0.3488174526058835 Plot Day#1#62 Valid Day#62#5
10/03/13 1.299965362313251 Plot Day#1268 Valid Day#68%6
27/03/13 1.0285548718541766 Plot Day#1285 Valid Day#85%7
09/05/13 0.6568381275871135 Plot Day#1#128 Valid Day#128#8
12/08/13 0.44564803512095175 Plot Day#12223 Valid Day#223#9
13/08/13 0.44564803512095175 Plot Day#12224 Valid Day#224#10
14/08/13 0.44564803512095175 Plot Day#1£225 Valid Day#225#11
15/08/13 0.44564803512095175 Plot Day#12226 Valid Day#226%12
16/08/13 0.44564803512095175 Plot Day#12227 Valid Day#227#13
17/08/13 0.44564803512095175 Plot Day#12228 Valid Day#228#14
18/08/13 0.44564803512095175 Plot Day#1£229 Valid Day#229#15
03/11/13 0.39635282368649066 Plot Day#12306 Valid Day#306%16
15/11/13 0.8066475093461487 Plot Day#1#313 Valid Day#318#17
27/11/13 0.7567192232924564 Plot Day#1£330 Valid Day#330#18
02/12/13 0.19939039923921892 Plot Day#12335 Valid Day#335#19
04/12/13 0.2771886115214084 Plot Day#12337 Valid Day#337220
05/12/13 0.32776828615553694 Plot Day#12338 Valid Day#338221
13/12/13 0.2639540275876104 Plot Day#1£346 Valid Day#346222
14/12/13 0.23260121799372147 Plot Day#12347 Valid Day#347223
17712113 0.22997944547436926 Plot Day#12350 Valid Day#350224 |,
Generate ot =1 |

Moreover, the user can generate the plot of all the PV production curves within a cluster and the
cluster’s centroid respectively by pressing the “Generate Plot#1”.

Total observations - Cluster 1

%, Figure 1
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If the user selects to display all the information of the Cluster#2 the following window will appear.
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# Display Cluster#2 - O b4
Date Distortion Plot
30/01/11 0.9119406058473372 Plot Day#2229
310111 0.0382668217959286 Plot Day#2230
03/02/11 1.0250637404163405 Plot Day#2#33
05/02/11 0.244347703002091 Plot Day#2#35
06/02/11 1.106615679243036 Plot Day#2#36
10/02/11 1.0134533724370344 Plot Day#2240
/0211 0.9672158711114968 Plot Day22241
16/02/11 0.0574112701557496 Plot Day#2#45
18/02/1 1.2905591135372858 Plot Day#2#43
20/02/11 1.021382233377332 Plot Day#2£50
22/02/11 0.9804732474356759 Plot Day#2#52
2370211 0.697255235464173 Plot Day#2#53
08/03/11 0.721435180353408 Plot Day#2#66
15/03/11 0.9863527177292827 Plot Day#2273
317031 0.7542807583330729 Plot Day#2#£80
04/04/11 2.1527304591346557 Plot Day#2293
09/04/11 0.9876207381173244 Plot Day22208
17/04/11 0.7645976734395195 Plot Day#2#106
10/05/11 1.9568170878796107 Plot Day#2#129
15/05/11 1.4410804319560717 Plot Day#22134
18/05/11 1.3331281281182652 Plot Day#2#137
02/06/11 0.8651151023269747 Plot Day#2£152
08/06/11 1.4584311617357137 Plot Day#2#138
15/06/11 1.301732279984608 Plot Day#2#165
25/07/11 2.260830742474733 Plot Day#2#205
Generate Plot #2 |

The 10" of May is assumed to be an outlier for the specific cluster. If the user presses the “Plot
Day#2#20” the plot will appear in a new window.
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If the user agrees that the day is invalid then he should press the ‘Delete#20#16’. The following
window will appear in order to confirm or not the delete.

e Warning

| Doyouwantto delete 10/05/137

Yes No

If the user presses “Yes” then the “Successfully Deleted” message will appear.

i %

o Successfully deleted

Also, at the “Display Cluster#2” window the specific day is assigned as “Deleted”, as it is
obvious from the figure bellow.
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¢ Display Cluster#2 = O X
Date Distortion Plot Validity
23/02/13 0.697355235464173 Plot Day#2#53
08/03/13 0.9721435180353408 Plot Day#2#66
15/03/13 0.9863527177292827 Plot Day#2#73
31/03/13 0.7543807583330729 Plot Day#2#89
04/04/13 2.1527304591346557 Plot Day#2#93
09/04/13 0.9876207381173244 Plot Day#2#98
17/04/13 0.7645976734395195 Plot Day#2#106
10/05/13 1.9568170878796107 Plot Day#2#129
15/05/13 1.4410994319560717 Plot Day#2#134
18/05/13 1.3331281281182652 Plot Day#2#137
02/06/13 0.8651151023269747 Plot Day#2#152
08/06/13 1.4584311617357137 Plot Day#2#158
15/06/13 1.301732279984608 Plot Day#2#165
25/07/13 2.260830742474793 Plot Day#2#205
02/10/13 1.6580569766138642 Plot Day#2#274
17/10/13 1.0131171359077373 Plot Day#2#289
18/10/13 1.105107575620432 Plot Day#2#290
19/10/13 1.2177964404250163 Plot Day#2#291
07/11/13 1.111134403660276 Plot Day#2#310
08/11/13 1.1461682930067807 Plot Day#2#311
16/11/13 1.1687353447968416 Plot Day#2#319
18/11/13 0.9647126369725781 Plot Day#2#321
21/11/13 0.9943760869694919 Plot Day#2#324
24/11/13 1.090113629525376 Plot Day#2#327
25/11/13 0.9213396350244273 Plot Day#2#328
Generate Plot #2

Moreover, if the user checks the window “Clustering Information” window the number of days
in cluster 2 decreased by one.

# Clustering Information 5 O #
Clinter Nimbervof Dy Miniml:]l;\:elraduced Mm(iml;l;:vf:)duced A::’:;‘:,::d:;ed
Cluster#1 3 0.01 15.11 44.101612903225806
Cluster#2 53 0.01 17.23 182.6922222222222
Cluster#3 B4 0.01 16.27 284.99265625
Cluster#4 14 0.01 17.14 433.3951754385965
Cluster#3 101 0.01 1747 361.3048514851483

Confirm Changes

Deliverable D3.1 — PV generation profiling methodology 36 | 45



S LAR

PANAMA

PRESCRIPTIVE SOLAR ANALYTICS &
ADVANCED WORKFORCE MANAGEMENT

In order to confirm the changes and permanent delete the day from the data the user should

press the “Confirm Changes”. The following message will appear.

i X

o Data updated!

| ok |

Even if the user does not want to delete any days from the dataset, he should press the button
“Confirm Changes”. After that, all the windows with the cluster information close automatically and
the user returns to the main “Clustering” window. If the user wants to discard the changes he made,
he should just close the window and repeat the previous process. If he decides to save the changes
and update the data, it should be noticed that he can no longer edit the observations or delete outliers

and the button “Edit Clusters” is deactivated.

@ Clustering

Info Data Clustering Indicators Clustering

PANAMA

‘Select hierarchical method: ward —
Insertthe DBSAN threshold (real positve value): [12
Insert the DBSAN MinPts (integer posiive value): 2

Plot Clusters

:i:d\t plustersji

Display clusters details
. Save centroids .
] Dynamic profiles

Univaraity of Westarn
Macedania

However, he can view the results of the clustering, after the delete of the invalid days, by pressing
the button “Display cluster details”. A new “Clustering information” window opens the DBSCAN
clustering is not implemented and there no warnings about invalid data or singleton clusters. Instead,

all the “Display” buttons are white.

@ Clustering Information = [m]
Cluster Number of Days Mmlm:r:\’farruduced Maxlml;r:wperruduced A\;:r:rg;;:;ddu;ad
Cluster#1 31 0.01 15.11 44.101612903225806 Display Cluster#1
Cluster#2 53 0.01 17.23 180.83037735849055 Display Cluster#2
Cluster#3 64 0.01 16.27 284.99265625 Display Cluster#3
Cluster#4 114 0.01 17.14 433.3951754385965 Display Cluster#4
Cluster#3 101 0.01 1747 361.3048514851485 Display Cluster#3

Deliverable D3.1 — PV generation profiling methodology
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If the user presses the “Display Cluster#1” button the following window will appear. This time, the
user can plot all the days within the cluster and plot each day in respect to the cluster’s centroid but

he cannot delete the days.

¢ Display Cluster#1 . O X
Date Distortion Plot

02/01/13 0.27230102751506674 Plot Day#1#1

07/01/13 0.34897154365928423 Plot Day#1#6

12/01/13 0.7049400893643178 Plot Day#1#11
18/01/13 1.1130865692235126 Plot Day#1#17
15/02/13 0.5525269303162547 Plot Day#1245
04/03/13 0.3488174526058835 Plot Day#1£62
10/03/13 1.299965362313251 Plot Day#1268
27/03/13 1.0285548718541766 Plot Day#1#85
09/05/13 0.6568381275871135 Plot Day#1#128
12/08/13 0.44564803512095175 Plot Day#1£222
13/08/13 0.44564803512095175 Plot Day#1#223
14/08/13 0.44564803512095175 Plot Day#1£224
15/08/13 0.44564803512095175 Plot Day#1£225
16/08/13 0.44564803512095175 Plot Day#1£226
17/08/13 0.44564803512095175 Plot Day#1£227
18/08/13 0.44564803512095175 Plot Day#1#228
03/11/13 0.39635282368649066 Plot Day#1#305
15/11/13 0.8066475093461487 Plot Day#1#317
27/11/13 0.7567192232924564 Plot Day#1#329
02/12/13 0.19939039923921892 Plot Day#1£334
04/12/13 0.2771886115214084 Plot Day#1#336
05/12/13 0.32776828615553694 Plot Day#1#337
13/12/13 0.2639540275876104 Plot Day#1#345
14/12/13 0.23260121799372147 Plot Day#1#346
17/12/13 0.22997944547486926 Plot Day#1#349

Generate Plot #1

Also, the user can freely select another clustering method and number of clusters and just view the
results of the clustering by pressing the “Display clusters details”.
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Finally, the user by pressing the “Save clusters centroids” he is able to export the centroids of the
clusters to a “.xlIsx” file. If the fille is created the following message will appear:

¢ P

o Centroids successfully exported!

If the user does not complete all the necessary fields before he presses the “Edit clusters” button
the following errors will appear:

1. If the user does not select the clustering method.

# Error *

e Please select a clustering method!

2. If the user does not select a valid number of clusters.

¢ Error X

@ Please insert a valid integer number of clusters (greater than
one)!

3. Ifthe user does not select a valid number of DBSCAN epsilon parameter.

# Error *

Please insert a valid real number of DESCAM threshold
[greater than zerao)!

4. |If the user does not select a valid number of DBSCAN MinPts parameter.

Deliverable D3.1 — PV generation profiling methodology 39 | 45



PRESCRIPTIVE SOLAR ANALYTICS &
ADVANCED WORKFORCE MANAGEMENT

S@l—ﬂR-eRn.neT @ PANAMA

Error >
¢

Please insert a valid integer number for DESCAM MinPts
parameter [greater than zero}!

5. If the user does not select a file at the tab “Data”.

Error >
¥

@ Import Data!

At the “Clustering” tab, after the editing of the clusters, a new “Dynamic profiles” button is
appeared. If the user presses it, a new window will open. The dynamic profiles are based on the
Linear Regression method and the user should have the solar irradiance and the temperature

(module’s or ambient) that refer to the power data which were imported at the tab “Data” of the main
“Clustering” window, with the same recording frequency.

f Dynarnic Proflile

PANAMA

Select
| Browse

. Browse

Browse

Browse

University of Westarn
Macedonia

At first the user is called to select a file type at the field “Select the file type”, which can be either
“.csv” or “.xIsx”.
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University of Western
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Afterwards, the user should select from the computer and import the first two files of the solar
irradiance and the temperature by pressing the two “Browse” buttons respectively. The two first
files refer to the generation data, which have been utilized for the static clustering process. Each
time the user selects a file a browse window is appeared.

After the selection of each file the following message will appear in order to inform the user that the
files are imported successfully.

o Data successfully imported!

After the two first files selection the user it is necessary to press the “Continue” button in order to
update the solar irradiance and temperature data according to the removal of the invalid days, which
was implemented previously by the user. When the user presses the “Continue” button the
following message appears.
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G Data successfully updated!

Accordingly, the user should select the number of clusters in order to apply the intra cluster linear
regression method. The method utilizes the PV power, solar irradiance and temperature data of the
days that belong to the cluster. It has to be pointed out that if the user, for example, wants to create
a dynamic profile of power production at the 14" of June of 2014 he must check from the static
clustering process, which was implemented previously, the cluster to which the 14" of June of 2013
belongs.

After that, the user should import the data of the solar irradiance and temperature of the 14" of June
of 2014. After the selection of each file the following message appears in order to inform the user
that the data are imported successfully.

«f
o Data successfully imported!

When all the four files are imported the user should press the “Continue” button in order to continue
with the “Dynamic Profile” process and a new window will open. The first column contains the
number of the selected cluster.

# Clustering Information - O >
Cluster Info
Cluster®3 Info®3 Select Cluster®3 :

If the user presses the ‘Info#3’ button the detailed statistical information about the results of the linear
regression.
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% Figure 1 — O
— o
A€ PQEX B
0OLS Regression Results
Dep. Variable: y  R-squared (uncentered): 0.984
Model: OLS Adj. R-squared (uncentered): 0.984
Method: Least Squares F-statistic: 1.889e+05
Date: Thu, 24 Dec 20820 Prob (F-statistic): 6.00
Time: 15:50:54  Log-Likelihood: -6510.4
No. Observations: 6144  AIC: 1.302e+04
Df Residuals: 6142 BIC: 1.304e+04
Df Model: 2
Covariance Type: nonrobust
coef std err t P>|t| [B8.025 0.975]
x1 0.0150 3.85e-05 388.739 0.000 0.015 0.015
X2 0.0028 0.001 3.737 0.000 0.001 0.004
Omnibus: 1616.166 Durbin-Watson: 1.420
Prob{Omnibus): 0.000 Jarque-Bera (JB): 360093.555
Skew: 8.775 Prob(JB): 8.00
Kurtosis: 13.731 Cond. No. 30.5
wWarnings:
[1] Standard Errors assume that the covariance matrix of the errors is correctly specified.

Finally, the “Select Cluster#3” button provides the power generation curve of the 14" June of 2014.

*. Figure 1 — m|

A€ Q=¥ 0

Dynamic Profile

14

12

10

The GUI at the dynamic profile process provides the following error messages.

1. If the user does not select a valid type file from the browse window.
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L'? Error .

e Invalid type of file!

2. If the user does not import all the necessary data.

# Error s

e Invalid type of file!

3. If the user selects solar irradiance and temperature data that do not refer to the power data
which were utilized at the static clustering, or do not have the same recording frequency.

? Error X

Mismatching between power, solar irradiation and
temperature data!

4. |f the user selects an invalid number of clusters.

# Error >

e Please insert a valid number of clusters between 1 and 5!
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