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Abstract Remote monitoring and utilization of digital technologies is essential for the application of
the precision farming approach, which contributes significantly to the improved quality of agricul-
tural products. The paper compares the data for six vegetation indices when observing the sunflower
vegetation in South Dobrudzha in 2021. Images with RGB and digital NIR camera were obtained
via a remotely piloted quadcopter. The flight plan specifies speed 8 m/s, altitude 100 m and shooting
overlapping images of 80%. Six vegetation indices: NDVI, EVI2, SAVI, CVI, MGVRI and MPRI
were calculated from the images obtained during the flight. The calculation of the indices takes into
account the intensity of solar radiation and the parameters of the meteorological situation at the
time of shooting. The findings obtained reveal a stable trend of change of the vegetation indices,
thus, establishing accurate and reliable results as for the monitoring of agricultural areas with un-
manned aerial vehicles.
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1 Introduction

Monitoring the soil and tracking the vegetation process is crucial for precision farming. Numerous
indices have been developed for different applications under all observation conditions, (Bannari et al.
1995). The values of the vegetation indices of the crops may be limited by various physical effects that
affect the accuracy of the measurement. For example from: atmospheric parameters, (Myneni & Asrar,
1994); topographic factors, (Burgess et al. 1995); soil optical properties (Baret et al.1993), spatial and
spectral characteristics of sensors (Teillet et al.1997) and problems of saturation and linearity of sensor-
reported data, (Huete, 1988). Accordingly, these factors increase or decrease the reflections of solar
radiation in the red and near-infrared spectral regions and make it difficult to detect changes in vegeta-
tion. This can cause errors in the interpretation and analysis of the results obtained by remote sensing.
Most of these problems can be corrected by calibration to the conditions at the time of field measurement
before the calculation of vegetation indices.

The following widespread vegetation indices were used in the present study:

NDVI - Normalized Difference Vegetation Index. Characterizes the density of vegetation, growth,
the presence of weeds or diseases, helps to predict yields. The index is generated by images of green
vegetation that absorbs electromagnetic waves in the visible red range of the spectrum and reflects them
in the near infrared. The red region of the spectrum (0.62 - 0.75 pum) reports the maximum absorption
of solar radiation by chlorophyll, and the near infrared zone (0.75 - 1.3 um) has the maximum reflection
of energy from the cellular structure of the leaves, [Rouse et al. 1974].

SAVI - Soil Adjusted Vegetation Index. Its formula is given in Table 1 where L is the regulating
factor, (Huete, 1988) and has a value of L = 0.5, is the optimal correction factor for reducing the "noise"
of the soil in the whole range of vegetation images. The multiplication factor (1 + L) in front of the index
is only needed to maintain the dynamic range of the index. The value of L becomes smaller in value
when the vegetation is denser. For more precise studies, three correction factors are preferred : L =1
for analysis of very low density vegetation; L = 0.5 for intermediate vegetation density, and L = 0.25
for higher densities, L = 0.5 is used in the present study.

EVI2 - Enhanced Vegetation Index 2. It can be used for sensors without a blue band, to obtain an
EVI-like vegetation index, (Zhangyan et al. 2008), supplementing NDVI.
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CVI - Chlorophyll Vegetation Index. It is hypersensitive to the content of chlorophyll in deciduous
plants. It is used from the beginning to the middle of the crop growth cycle for a wide range of soils and
sowing conditions. The increased sensitivity of the index to the concentration of chlorophyll in the leaves
is due to the effective normalization of various values of LAI, (Leaf Area Index), (Watson, D.J. 1947)
obtained with the introduction of red and green colors, (Vincini et al. 2008).

The MPRI - Modified Photochemical Reflectance Index is used to assess the variability of vegetation
and soil, as it provides the best visual distinction between these variables. The MPRI index is dependent
on cloud shading, the shadows of which can be associated as more developed plants compared to neigh-
boring areas. When areas affected by variations in sunlight reflection are identified, they should be elim-
inated from the agronomic analysis used to assess the condition of the vegetation, (Yang et al. 2008).

MGRVI - Modified Green Red Vegetation Index also gives good results, as it can effectively distin-
guish vegetation and soil with results close to the results obtained visually by MPRI, (Bendig, et al.
2015).

This study aims to show the trends in the change of these vegetation indices when observing a sun-
flower field and to provide information on plant development that is useful for the needs of precision
agriculture using a small UAV.

2 Materials and methods

The indices used in the present study and the formulas for their preparation are listed in Table 1.
They are selected by popularity, for example - NDVI, and the possibilities for their generation according
to the spectral characteristics of the camera with which the image is taken. The comparison of the indices
contributes to increasing the reliability of the observation results.

Table 1. Vegetation indices and formulas by which they are calculated.

Index Name Formula Author
NDVI Normalized difference vegetation index (Rn —Rr)/(Rn + Rr) Rouse et al. (1974)
SAVI Soil adjusted Vegetation Index (1+0.5) (Rn—Rr)/(Rn+ Rr+0.5) Huete, (1988)
EVI2 Enhanced Vegetation Index 2 2.5*((Rn-Rr)/(Rn+2.4*Rr+1)) Zhangyan et al. (2008)
CVI Chlorophyll Vegetation Index ( Rr*Rn)/(Rg)? Vincini et al. (2008)
MPRI | Modified Photochemical Reflectance Index (Rg —Rr)/(Rg +Rr) Yang et al. (2008)
MGRVI Modified Green Red Vegetation Index (Rg>-Rr?)/(Rg*+Rr?) Bendig, et al. (2015)

2.1. Place of observations

The place of the shooting is with geographical coordinates: 43.548925N, 27.761216E, field sown
with sunflower variety: SY Onestar CLP of Syngenta on 25.04.2021 in the land of Dobrich, Bulgaria.

Fig. 1. Field plan, (map.google.com)
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The flights were conducted from 05.05.2021 to 10.09.2021 at an interval of 10 days. Flies were
made in 15 days during the observed period.

Observations on the vegetation of maize variety Decalp DX4541 / 370FAL sown in the field with
coordinates: 43° 30" 46.156"N, 27° 40' 54,469"E are also made in the publication of, (Mihaylov, R.,
2019). Flight height 100 m, Images captured by drone were taken in the months of April, May, June,
July 2019. The data described are for vegetation indices obtained from a camera that registers only RGB
reflection. Similar observations and calculation of vegetation indices obtained and data from NIR re-
flections have been published in, (Mihaylov, R., et al. 2020), both for maize and sunflower in different
parts of South Dobrudzha, and the experience gained from them is the basis of the present study.

2.2. UAV Platform and Sensors

The flights were conducted with a quadcopter DJI Mavic 2 Pro. Its communication system consists
of a duplex transmitter at a frequency of 2.4 GHz and a WiFi module at a frequency of 2.4 GHz for
controlling the navigation of the unmanned aerial vehicle (UAV) and monitoring the flight parameters.
The WiFi module provides video data transmission on a 5.8 GHz channel, providing a real-time image
to control the terrestrial operator. The flight planning is realized by the software Pix4DCapture,
(Pix4DCapture) which allows setting the route on parallel lines depending on the parameters of the video
sensor and the set overlap of the photos in the direction of flight and in the transverse direction.

In addition to the UAV, a second MAPIR Survey3W Camera, (Mapir Camera Control), has been
installed to capture images from the near-infrared area of solar radiation. The multispectral camera de-
tects NIR reflections with a wavelength in the "near infrared" 850 nm, red - 660 nm and green - 550 nm
spectrum of solar radiation.

Figure 2 shows a photograph of the observed field taken from a height of 100 m. The different angle
of the photos is due to the differences in the angle of the cameras, as well as their optical characteristics.

a) b)

Fig. 2. Photos of the studied field with sunflower from 100 m height: a) with RGB camera and b) with NIR
camera on 20.07.2021

A multispectral study at a height of 200 m above the ground with an overlap of 80% in both directions
resulted in a resolution of 3.75 cm per pixel; size of the flight area 524 x 483 m; flight time 17.33
minutes. Travelled route along the route in the form of a meander 6518 m.

2.3. Multispectral Data Processing analyse

The image is calibrated and corrected, taking into account the lighting and the influence of the sensor
a MAPIR calibrator, (Mapir Calibrating Application), is used. The corrections are applied to the camera
parameters and the received information about the intensity of the solar radiation. By calibrating the
sensor, the brightness is adjusted to obtain more accurate reflection values.

The data on the atmospheric conditions during the shooting are given in Table 2.
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Table 2. Atmospheric conditions when shooting the field

Meteoro-

logical Dates in 2021

parame-

ters 15.05.] 25.05. | 04.06. | 14.06. | 25.06. | 30.06. | 10.07. | 20.07. | 31.07. | 11.08. | 20.08. | 30.08. | 10.09.
Air tem-
perature
[°C] 22 20 20 16 30 25 28 28 31 26 25 22 20
:delg [m/s] 6,2 4,6 4,9 3,6 3,2 5 4,1 3,10 6,70 | 3,50 6,2 7,20 | 6,20
Xéggfl- East S;:;tth Nord | West | Nord | South IZ;)S South | East | Nord | Nord | West | Nord
g/“]m‘d“y 50 | 60 50 88 62 74 42 70 33 51 36 65 56
()
[S;’Vl;lrﬁgg]ht 4548 | 188 98,9 | 130,9 - 333,1 | 167,1 | 162,2 | 353,4 | 144,1 | 148,2 | 184,2 | 238,8

2.4.Generation of Orthomosaic and the corresponding sparse Digital Surface Model, (DSM)

During the flight, the camera captures between 400 and 500 photos with a resolution of 4000x3000
pixels and saves them to SD card memory. Each photo is taken with a focal length of 3.0 mm, a speed
at which the camera aperture opens and closes to let in a certain amount of light 1/500, a focal length of
f /2.8 and 1SO 100. The planned pixel resolution is 2.34 cm according to the flight plan, and after
processing with the Pix4D application program, [Pix4Dmapper] of overlapping images was obtained
3.75 c¢cm per pixel. These images provide the raw data needed to create a series of maps / models and
visualizations using Pix4Dmapper software. The image quality check after the initial processing gives
an average value of 35,983 key image points. The relative difference between the original camera with
the image parameters and its optimized parameters is 0.053%, which is well below the recommended
variation, i.e., deviation of the parameters from the ideal value, of 5%. Programme calculated 14,206
matches of the calibrated image and determined an average RMS error of 0.092 m for the ground control
points. The total number of image overlaps is in the range of 5+ for almost the entire target area above
the field.

Fig. 3. Orthomosaic and the corresponding sparse Digital Surface Model (DSM) before densification,
[Pix4Dmapper] from 20.07.2021 r.

3 Results

Results on the use of UAV to collect phenotypic data for multiple cultures have been published in
the literature, (Sankaran et al., 2015; Shi et al., 2016; Yang et al., 2017, Mihajlow & Ivanova, 2019).
Considered in the present paper is the use of a UAV-based multispectral monitoring system to identify
sunflower vegetation. Field experiments show a close relationship between the observed variables and
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the subsequent development of sunflower. This is a key aspect of new variety programs that aim to select
plants of better quality and higher grain yields.

The field surveys made in the observation period are in 15 days, 13 of them generated the orthomo-
saic of the respective (DSM) before compaction. Vegetation indices are calculated from the raw data
thus obtained.

Fig. 4. NDVI reflection map from 20.07.2021  Fig. 5. EVI2 reflection map from 20.07.2021

Figures 4 and 5 show the generated reflection maps for calculating the NDVI and EVI2 indices. The
similarity of the two cards is clear. The zones with the lowest value of the vegetation indices are in red,
and in the lower corner with the highest in green. The difference between the two indices is only in the
absolute values, but the tendency of change and the zones of low and high value of the vegetation indices
overlap.

The results of the obtained reflectance indices for the whole vegetation period based on multispectral
images are presented in Figures 6 to 9 with their respective minimum and maximum values.

NDVI EVI2
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Fig. 6. Change of NDVI by date. Fig. 7. Change of EVI2 by date.
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Fig. 8. Change of SAVI by date. Fig. 9. Change of CVI by date.

The EVI2 index is complementary to the NDVI, leading to similar results in the trend. The CVI index
due to its higher sensitivity to chlorophyll, (Vincini et al. 2008) is adapted for observation in the initial
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stage of growth. For this reason, there are slight deviations from other indices in the period of sunflower
ripening. In this case, it confirms the accuracy of the data for NDVI, EVI12. The SAVI index is optimized
to eliminate soil noise, (Huete, 1988). Because the sunflower tightly covers the field, the value of the
correction term in the equation L becomes 1, which gives similar values and trends with NDVI. On the
whole, all indices listed hereto show the same trend and each of them is applicable to this type of obser-
vation.

MPRI MGVRI
0,20 0,40
0,10 0,20
0,00 * 0,00 =

< o
-0,10 = -0,20 <

0,20 -0,40 °

0,30 0,60

MPRI MAX - MPRI MIN

MGVRI MAX s MGVRI MIN

Fig. 10. Change of MPRI by date. Fig. 11. Change of MGVRI by date.

Similar trends are shown by the indices based on RGB, (Fig. 10 and Fig. 11) the change in the line
of the graph follows a similar pattern of change, although their numerical values differ. As a result,
MGRVI showed higher contrast due to more negative and shaded pixels due to noise and shadows. It is
more sensitive to shadows and noise than the leaves, i.e. not suitable for use in shaded areas and in
variable clouds. Shows higher sensitivity than MPRI.

The comparison of the considered indices was made to confirm the accuracy of the results. Although
there are some differences between the input data on which the observation was made, such as sunlight,
humidity and other external environmental factors that lead to changes in the values of the images ob-
tained. It is important to enter image data to calibrate and update the model. This, in turn, proves con-
clusively that the method employed for the purposes of the present study is highly suitable for the real
environment, and validates its resistance to the influence of various external factors.

Figure 12 shows the minimum and maximum value of the NDVI index against the background of
changes in meteorological parameters. The trends in the change of the vegetation index are directly
related to them. During drought, the index decreases and is directly affected by the amount of precipi-
tation and air temperature. This clearly indicates that the reported decrease in the reflection of near-
infrared light is registered due to water and temperature stress in sunflower plants. On that account, the
result achieved, confirms the applicability of the monitoring methodology. The tendency of change in
the vegetation of the observed crop is visible, related to the influence of water reserves in the soil and
air temperature.
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Fig. 12. Change in NDVI in a sunflower field against the background of changes in meteorological parame-
ters.

4 Conclusions

More than 15,000 photos were taken during the 31 flights. In the course of observation, they were
processed to obtain vegetation indices. The results present the segmentation coefficients, [Pix4Dmap-
per] for NIR multispectral data reach 0.92033 and 0.9531, respectively. The model is applied to the
overall image obtained from the UAV and the output is the threshold for obtaining a segmented image.

The yield obtained from the observed field is 2700 kg/ha, which corresponds to the reported positive
trends of change of the vegetation index NDV1 until September 2021, (Fig. 12).

With images and a small UAV, the farmer can track and analyse crop data without being dependent
on satellite images. Flying at an altitude of up to 100 m UAV is under the cloud cover, which makes it
applicable in dense clouds in contrast to satellite observation. Meteorological features in the region of
South Dobrudhza do not affect the collection of information with UAV.

Provided, additionally, in the paper is a contrast between the tendencies of change of six vegetation
indices and their applicability in estimating the plant mass and crop yield forecasting.

The reliability of the results of remote sensing shows a direct dependence on precipitation, air tem-
perature and vegetation of the observed sunflower. It is, further, possible to trace the effect of meteoro-
logical features on the influence of reflective vegetation indices, obtained with UAV multispectral im-
ages, (Fig. 12).

This study achieves optimal results by using a high-resolution digital camera to obtain images from
the experimental sunflower field using UAV. It proved the applicability of the methodology for obtain-
ing vegetation indices from sunflower areas with a size of 0,2 to 0,5 hectares.

The phenological data examined in the paper was acquired by recording reflections from specific
spectral regions (i.e. the possibility of calculating vegetation indices)and hold reliable preliminary in-
formation for predicting the biomass content and potential of the studied plants, which will be the subject
of subsequent research analyses.
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