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Abstract— This article is a continuation of our study of
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seasonal differences in infrared thermal imaging in order to
obtain a large database and relationships between different
seasons and pasture quality.
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I. INTRODUCTION

In our initial research, we focused on approaches to
solving problems such as biodiversity conservation and
grazing livestock by introducing modern methods and
systems for optimization, monitoring and management of
pastures.

In this study we will use an identical method of data
acquisition [1-6], applying statistical methods to compare
and find the relationships between seasonal differences in the
emission of infrared thermal images taken by an unmanned
aerial vehicle equipped with a specialized sensor system.
This allows us to obtain spatial data, flexibly and
continuously, and it is possible to study large areas without
significant influence of weather conditions.

Il. THEORY

In previous studies we focused on the construction of the
system, the nature of photogrammetry and its advantages. Of
interest in the current study are the differences from the
images taken in an identical area.

The research was conducted in the territory of the town
of Kardzhali in the Republic of Bulgaria with geographical
coordinates 41 ° 29 ', using an unmanned aerial vehicle,
software for three-dimensional photogrammetry and infrared
sensor system.
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The first study was conducted on 25.06.2021, which
could be considered the peak time of the density of pasture
mass. The next study was conducted on 21.10.2021, which
can be considered as the end of the grazing season in relation
to the climatic conditions in the study area. The coordinates
are presented visually in Fig.1.
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Fig. 1. Location 41°29'39.7"N and 25°28'44.8 "E (a) and view of the
studied pastures (b).

For the purpose of conducting the experiments, an
unmanned aerial vehicle PHANTOM aircraft model 3 with
mounted boards with Melexis MLX90640 sensor during the
flight and a thermographic camera Flir E40 were used. The
aim is to capture both aerial and ground images.

This approach is extremely effective given that high
mountain pastures and those with low productive potential
occupy significant agricultural areas in Bulgaria. Such are
areas in the Central and Western Balkan Mountains, Rila,
Vitosha, Rhodopes, as well as in some parts of the heights in
southern Bulgaria. Studies favor the improvement of
biodiversity conservation factors in order to reduce the
carbon footprint of agricultural activities, as required by the
European Union in the Biodiversity Strategy to 2030. [7]

In addition to providing fodder for livestock, pastures are
also important for the good biological development of the
environment, such as biodiversity, water treatment, carbon
treatment, erosion control and landscape protection. Keeping
them in good ecological and agricultural condition is
especially important for animal husbandry in order to lower
the price of a product that is better quality and tastes better.

The composition of meadows and pastures in Bulgaria is
made up of plant species, a collection of different botanical
families with different nutritional value. This value is
directly dependent on many factors such as geographical
location, natural conditions, method of cultivation and proper
land use. As part of these important factors is the proper
management of pastures according to the seasonality of plant
species and the ability to use the highest quality productivity
of them. Against this background, for example, the targeting
of grazing livestock to pastures could be optimized according
to seasonal productivity, thus balancing the all-season quality
nutrition, which would lead to increased product quality,
optimization and reduction of the finished product and
maintaining taste.

There are well-known conventional methods for
estimating pasture productivity, but they are quite subjective,
time consuming and difficult to implement for large areas. In
recent years, more and more new technologies are entering,
which leads to the development of a number of new methods

for assessing the productivity of pastures through remote
monitoring. This type of monitoring is through satellite
images, aircraft images and specialized systems.

An important element in these methods is the filling and
correctness of the data, they must be checked periodically in
order to correct and objectively assess the quality of the
grazing system. In addition, the more data available for
comparison over time, the greater the opportunity to evaluate
and prepare long-term plans for the operation and / or
stabilization of a pasture area.

According to the so-called concept of Industry 4.0, the
basis for improving the quality of crops are built-in
intelligent systems that support automated control of
technological and management processes, which is
performed using artificial intelligence, algorithms for
analysis of various parameters, improvement, monitoring and
collection of databases set of parameters. [8-17]

I1l. RESULTS

In view of the presented theoretical data, we focus on the
study of an identical object in two different seasonal periods,
summer and autumn, respectively. The purpose of this
experiment is to see if there is a relationship between the
emission of identical grazing mass in different seasons.

The selected image processing methods are visual and
analytical. Figure 2 shows a picture of the studied pasture
mass.
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- After capturing the thermographic images, we

perform processing by conversion to a halftone image and
calibration of the converted halftone images in order to
obtain correct histograms of the images. In FIG. 4 shows an
example of the conversion of thermographic images to
halftones and temperature calibration, respectively.

Fig. 2. The studied pasture mass during the first survey on 25.06.2021. (a)
and during the second shooting on 21.10.2021. (b).

Figure 3 shows the thermographic images taken from the
Flir E40 thermal camera for the two studied periods.

Original Pseudocolor Image. 11.jpg

0

Fig. 4. Convert the thermographic image to halftone (a) and temperature
calibration to extract the histogram (b).

When processing the images and obtaining a histogram,
we have the opportunity to conduct a mathematical analysis
of the data obtained, from which it is possible to assess the
quality of the pasture mass. Figure 5 shows a general
histogram for the captured image from 25.06.2021. marked
as Ex B and that from 21.10.2021. designated as Ex A.

Fig. 3. Thermographic images of the studied pasture mass during the first
survey on 25.06.2021. (a) and during the second shooting on 21.10.2021.

(b).
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Fig. 5. Histogram of the obtained experimental images.

After receiving the reports from the images
themselves, it is possible to perform another type of
mathematical analysis for evaluation, such as the slope of the
function. For this purpose we use Microsoft Excel software,
as a result for the image from 25.05.2021. is 0.028, while for
this from 21.10.2021. is -0.04.

Of course, these data may vary for different pasture masses
and their biodiversity, such as in FIG. 6 we have attached a
histogram from a study of three different pastures from the
data collected during the summer period.

o
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Fig. 6. Histogram of three different pastures from the data collected during
the summer period.

As can be seen, these methods for visual and analytical
assessment of pastures could be integrated into an intelligent
system for monitoring agricultural activity in order to
effectively use and maintain pastures.

I1l. CONCLUSION

In view of the results obtained, it can be said that these
methods can be integrated into the so-called computer vision
and machine learning, which are part of the main focus of
Industry 4.0.
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