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ABSTRACT

The study proposes optimization of the meteorological system Meteobot® and its eponymous
software version 1.6. by additionally installing the XLStat mathematical statistics application
to Microsoft Excel spreadsheets. The application will optimize the operation of the automatic
meteorological and soil monitoring system through a wide range of statistical analyses, such as
cluster analysis, dendrograms by similarities and differences of data, factor analysis, variations,
determination of correlation coefficient, correlation matrix, scattering indicators, dispersion,
correlation analysis, extrapolation and interpolation, etc.
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INTRODUCTION

Modern smart agriculture is associated with
the use of automatic meteorological stations
that inform about weather conditions and soil
conditions in real time. Such is the Meteobot®
system, with the same name software for the
Android and Windows systems, which is
in the experimental fields of the Institute of
Agriculture - Kyustendil, which is a part of
the Agricultural Academy-Sofia, Bulgaria. The
system has a Wi-Fi internet connection to mobile
devices. It presents the data in the form of an
Excel spreadsheet for the Windows operating
system, and the data is easily transformed into
the standard for this type of spreadsheet charts,

graphs, histograms, maps, etc. All these Fig.s
can be transferred, together with the database
tables, after subsequent commands to different
mobile devices via e-mail.

The aim of the study is to propose
optimization of the automatic meteorological
station Meteobot® and its software Meteobot®,
version 1.6. by additionally installing the XLStat
mathematical statistics application to Microsoft
Excel spreadsheets, which is used free of
charge against registration for two weeks, after
which it can be purchased in different versions,
depending on the degree of professional level of
use, with the versions for the low professional
levels having lower prices [1, 2]. The application
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covers a wide range of statistical analyses, such
as cluster analysis, dendrograms of similarity
and dissimilarity, factor analysis, variations,
correlation coefficient, correlation matrix,
scattering indicators, dispersion, correlation
analysis, extrapolation and interpolation, etc.
There was not information has been found in
the literature and on the Internet about the use
of the XLSTat application in the automatic
meteorological monitoring system Meteobot®,
but these methods are widely used in science
and professional practice, incl. and related to
agriculture and food [3 - 7]. Statistical approaches
in foods are described also by [8 - 10].

EXPERIMENTAL

The optimization of the data from the
Meteobot® weather station can be achieved
by installing the XLStat application to Excel
spreadsheets, in which the mobile application
for Android and Windows wirelessly sends
the data collected by stationary or mobile
sensors to establish environmental parameters
- air, soil, water and weather to various mobile
and stationary devices. Databases are used,
automatically generated by the Meteobot®
system, which is in the experimental fields of
the Institute of Agriculture - Sofia, presented
in Excel spreadsheets with charts, graphs,
histograms, maps. In addition, standard
statistical processing of the data directly from
Meteobot in the spreadsheet is shown, and
various results of statistical analyses in the field
of agriculture, cluster analysis, dendrograms
by similarities and differences of data, factor
analysis, variations, determination of correlation
coefficient, correlation matrix are applied for
illustration. Meteobot® Pro has a data logger
with a Sentek TriScan soil probe connected to
it (30, 60, 90 or 120 cm). It measures at several
depths depending on its length the following
three parameters:

* Volumetric water content in the soil (L m™);

* Soil temperature t(C);

* Soil Volume Ion Content (VIC), which
includes all dissolved salts in the soil. Electrical
conductivity is calculated on this basis;

* Measurements are sent via SIM card every
10 min s.

RESULTS AND DISCUSSION

Table 1 and Table 2 show the data on weather
conditions and soil conditions for a given period
of time by day, as the Meteobot station currently
sends them to the registered SIM cards every 10
min.

Fig. 1 shows a graph of precipitation for
a certain period, which is set by the user or
automatically from the station to the users
of the registered SIM cards. There is a lot of
information about average moisture of the air
and the leaves, dew point, soil moisture and
temperature, precipitations. The very important
data is about temperature and moisture.

Fig. 2a presents how Meteobot® generates
and sends a satellite image of the monitored
territory in real time and Fig. 2b automatically
boundaries of the area and soil profiles are drawn.
Fig. 3 and Fig. 4 show a real-time histogram of
most measured values of active acidity pH of
soils, that the meteo-station is currently able to
send to users on-line. This information helps
for visualization of the studied soil profiles and
about planning of next area for investigations.

Fig. 2b presents the proposal of this paper
to additionally install the XL Stat computer
application to the operating system of the
weather station and thus directly without
additional computer processing on the SIM cards
to directly obtain the contours of the measured
area (white lines in the Fig.) and the data on
soil parameters to be indicated by longitudinal
profiles (yellow lines in the Fig.).

Table 3 gives a project for the automatic
calculation of agglomerative hierarchical
clustering (AHC) similarity using a correlation
matrix. This information is a core of the statistical
data and gives us the relation between the studied
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parameters. Summary statistics (Table 4) is very
useful for proving of the statistical importance
of the received data. Data shown in the table
summary statistics is automatic generated and
it present to us information about number of
observations, minimum and maximum measured

values and average-mean value. Also standard
deviation is a very important information to
know the reliability of the data.

Automatic graphic presentation of the soil
acidity pH on profiles 1, 2, and 3 is drawn on
Fig. 4.

Table 1. Weather data automatically generated by Meteobot® in a spreadsheet.

Air Air Air Air Air Air

Date temperature | temperature | temperature humidity humidity humidity
min., °C max., °C average, °C min., % max., % average, %

1.3.24 6.88 14.34 10.6 53.76 96.68 73.1
2.3.24 3.36 15.97 8.4 61.11 98.37 90.5
3.3.24 3.46 16.61 6.9 62.20 98.83 89.2
4324 -0.41 18.42 8.6 43.38 97.59 77.3
5.3.24 2.95 16.68 8.9 44.71 95.18 74.5
6.3.24 -1.17 16.18 7.3 44.88 96.01 78.8
7.3.24 1.42 13.62 6.6 56.17 97.75 88.1
8.3.24 0.37 13.80 5.9 46.38 97.58 79.8
9.3.24 -1.72 15.38 5.5 50.67 97.29 80.8
10.3.24 2.59 21.07 11.0 41.45 95.34 72.7
11.3.24 7.45 19.67 12.5 49.82 90.35 70.7
12.3.24 5.55 15.29 8.5 67.83 96.96 88.0
13.3.24 5.98 14.44 8.5 51.06 98.00 82.2
14.3.24 341 13.14 7.6 52.92 97.25 80.0
15.3.24 -0.39 12.33 5.8 53.83 94.70 80.3

Table 2. Meteorological and soil data automatically generated by Meteobot® in a spreadsheet.

Atmospheric Dew Precipitation, | Wind speed, |Soil moisture ‘ SOllt Leaf
pr(is;;l)r © point, °C L m? /s 30 cm, % zr(l)llc)::? :1 (r:e moisture, %

1013.8 5.7 3.25 2.3 94.2 8.4 7.8
1012.1 6.8 5.25 0.4 93.9 8.3 17.2
1013.3 5.1 0.25 1.1 94.8 8.5 9.7
1011.4 4.2 0.00 2.0 95.3 8.4 8.1
1009.1 4.2 0.00 2.4 95.3 8.5 1.4
1015.8 3.6 1.25 1.3 95.3 8.3 9.0
1015.6 4.7 10.50 1.4 95.6 8.5 16.5
1018.9 2.3 0.00 1.1 96.1 8.3 8.9
1019.2 2.1 0.00 1.2 96.1 8.2 7.8
1017.5 5.7 0.00 2.8 96.2 8.4 5.1
1013.0 7.1 1.25 3.7 96.5 9.1 34
1010.1 6.5 5.00 1.4 96.5 9.3 13.8
1012.5 5.3 2.00 1.6 96.5 9.5 9.4
1016.0 4.1 0.25 2.1 96.6 9.5 9.5
1017.9 2.4 0.00 0.3 96.6 9.1 3.8
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Fig. 5 shows a proposal from the authors optimizing the data, measured by the automatic
for automatic spatial distribution of parameters, weather station.

for example, for salt content in the soil. after Fig. 6 is a proposal for submission of
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Fig. 1. Schedule of precipitation for a certain period of time, automatically generated by Meteobot®.
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Fig. 2. Satellite image automatically generated by Meteobot® of the monitored area on the left (a) and a
proposal for automatic drawing of contours and longitudinal soil profiles by interpolation and extrapolation to
the right (b).
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Fig. 3. Histogram of measured soil pH automatically generated by the agrometeo station.
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Fig. 4. Profile of active acidity pH of soils horizon 30 cm depth, distance between samples 20 m - automatically
generated by the agro-meteo station.
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Fig. 5. Proposal for a spatial distribution of parameters, e.g. for salt content in the soil, after optimizing the data,
measured by the automatic weather station.
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Table 3. Agglomerative Hierarchical Clustering (AHC) Similarity, Correlation Matrix:

fom\to | X1 X2 X3 X X5 X6 X7 X8 X X0 X
0354 045 04 038 0,364

2 0317 0,383
X3 0,765 0,735 0,150
¥4 1 0,989

X5 0,989 1

X6

X7 0270  -0435

’

X9 0177 -0236

X10 0384 017 - - 1

X1 0364  -0383 0437

Table 4. Summary statistics.

Obs. with wiﬁf,ﬁt Std
Variable | Observations | missing . Minimum | Maximum | Mean .
missing deviation
data q
ata
12,8 4 0 4 5.80 216.00 93.50 88.28
10,7 4 0 4 6.80 218.00 92.55 89.33
9,4 4 0 4 6.00 210.00 90.97 85.69
12,3 4 0 4 7.10 157.00 75.50 61.69
8 4 0 4 7.40 199.00 87.60 80.29
Jﬁi&”ﬂf&:ﬁﬁ Dendrogram
pH 70000 :7
:E 50000 —
EC.13 ﬁ 40000 -+
A —0Q

Fig. 6. (a) Agglomerative Hierarchical Clustering (AHC) Similarity/correlation coefficient is 0.40; Number of
clusters 1, association pH-temperature; (b) Dissimilarity between fruit mass, fruit density, height and width of
the tree.
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informationthroughanautomaticallysynthesized
graph for agglomerative hierarchical clustering
(AHC) - cluster analysis of the measured data
to the users of the registered SIM cards and a
diagram of the variables (variations) of the
measurement data to be delivered automatically
as well, and not after additional processing on a
computer (Fig. 6 -10). All these Figs reveal data
to the scientist by very different way immediately
and a lot of invisible natural phenomenon appear
for the investigator. Fig. 6 gives us information
how all studied parameters are dependent each
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Fig. 7. Variables (variations) of measured data.
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Fig. 9. Evolution of the inertia of the data.

other. The statistical program groups the data
by similarities or by dissimilarities. By this way
we may see connected phenomenon or chemical
contents. Fig. 7 presents variables (variations) of
measured data. Fig. 8 shows box plots, results of
the processing of the statistical data as visualize
the ranges of the values of the measurements.
Evolution of the inertia of the data is given on
Fig. 9. The bar chart uses bars to represent the
frequency or count for each of these levels, with
the height or length of the bar corresponding to
that frequency (Fig. 10).
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Fig. 8. Box plots, results of the processing of the
statistical data.
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CONCLUSIONS

The result of this survey is a proposal for
improving and optimizing the operation of
the Meteobot® automatic agrometeorological
station. by installing an advanced mathematical
statistics application XLStat to the Excel
spreadsheet program. where data is automatically
sent to abundant devices. It is necessary to
specify a command for presetting the statistical
method and its graphic images to mobile devices
without further processing of the data.
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