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Abstract

Stoyanova, M., Kandilarov, A., Koutev, V., Nitcheva, O. & Dobreva, P. (2021). Unmanned drone multispectral
imaging for assessment of wheat and oilseed rape habitus. Bulg. J. Agric. Sci., 27 (5), 875-879

The use of unmanned drones has been increased in precision farming. From multispectral images of terrain and crops to
spraying and sowing, their application and development is becoming more and more popular in the public sector. Using differ-
ent sensors and equipment farmers could take optimal management decisions.

The aim of the present study is to analyze the data from a multispectral camera, to survey the development of the crops on
the field, to perform an agronomic assessment and to make recommendations for optimization of the production by soil and
plant sampling in order to increase yields and reducing the cost of production.

Effectiveness of multispectral observation methods on agricultural crops was tested at the end of October 2018 in a pilot
study on the territory of Northern Bulgaria. First year results are the part of a planned long-term study to identify problem
areas of the terrain by spectral analysis and additional sampling. Five channel multispectral camera Parrot Sequoia was applied
on a DJI Matrice 600 Hexocopter. Observed crops were wheat and oilseed rape. NDVI method permitted us to identify areas
with good crop development and area with poor vegetation status. Digital elevation models (DEM) were built for both studied
areas. Fields area was divided on parts with NDVT higher than 0.7 and with NDVI with lower than 0.7 for optimal fertilizers
application.
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Introduction

Agricultural production is related to the solution of
questions such as how to combine land, water, raw mate-
rials such as fertilizers and plant protection products, ma-
chinery and technologies to produce the maximum amount
of food and fiber. Bulgarian farmers use conventional tech-
nologies related to the use of large quantities of artificial
raw materials and preparations. Searching for optimization

of applied raw materials in the field, improvement of yield
and quality of production and preservation of the environ-
ment, some of the farmers are oriented towards precision
farming. The use of unmanned drones has been increasing-
ly used in precision farming. From multispectral images of
terrain and crops to spraying and sowing, their application
and development is becoming more and more popular in
the public sector. Using additional sensors and equipment,
technology helps farmers to take optimal management de-
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cisions. Remote sensing studies could be applied on a re-
gional scale (Doumit & Kiselev, 2016). Depending on the
validation dataset from satellites imagery and the study
area, an overall accuracy of 74-95% was achieved after the
crop type maps were post-processed by mode filtering (Va-
silev, 2013; Vasilev, 2015; Gikov et al., 2019). NDVI index
calculated from measurements of the reflected light from
the red and near infrared bands, have long been used as
indirect measurement of biomass and crop yield, including
that of wheat (Kamenova et al., 2017).

Study on vegetation density expression in Normalized
Difference Vegetation Index (NDVI) was carried out in
Jeffara plain, Lybia. Correlation between vegetation den-
sity and NDVI had a coefficient of determination R?=0.86
(Alia, Hallett, Brewer, 2018). Studies on relation between
NDVI and wheat yields have found very close correlation
between with coefficient of determination R?=0.83 (Gonti,
Tiwari, 2011). Study on oilseed rape showed that the esti-
mation model using the normalized difference vegetation in-
dex (NDVI) with a power regression model performed best
through the seasonal growth dynamics, with the highest co-
efficient of determination (R? = 0.77), the smallest root mean
square error (RMSE = 104.64 g/m?), and the relative RMSE
(rRMSE = 21%). It is concluded that the use of selected Veg-
etation Index and high spatial multiple satellite data can sig-
nificantly estimate above ground biomass during the winter
oilseed rape growth stages, and can be applied to map the
variability of winter oilseed rape at the sub-field level under
different waterlogging conditions, which is very promising
in the application of precision agriculture (Han et al., 2017).
NDVI index could be modified for obtaining better results in
agricultural studies (Gitelson, 2004).

El Sheirbeny et al. (2014) found that Normalized Def-
erence Vegetation Index (NDVI) is used to estimate crop
coefficient according to satellite data (KcSat) through sim-
ple model (KcSat = 2NDVI — 0.2). Kc¢ depends on stage of
canopy height, crop growth, architecture and cover. Yield
estimations models for wheat were elaborated on NDVI and
SAVI indexes (Narendra & Tiwari, 2011). Soil environment
circumstances are considerable influence on partial canopy
spectra and vegetation index. Consequently, it is significant
to monitor the vegetation vitality changes with reverence
to the soil background circumstances (Sashikkumar et al.,
2017; Vani & Venkata, 2017).

The aim of the present study is to analyze the data from
a multispectral camera, to survey the development of the
crops on the field, to perform an agronomic assessment and
to make recommendations for optimization of the production
by soil and plant sampling in order to increase yields and
reducing the cost of production.

Material and Methods

Effectiveness of multispectral observation methods on
agricultural crops was tested at the end of October in a pilot
study on the territory of Northern Bulgaria. First year results
are the part of a planned long-term study to identify problem
areas of the terrain by spectral analysis and additional sam-
pling. Observed crops were wheat and rapeseed.

The survey used a DJI Matrice 600 Pro Hexocopter
with flight height of 120 m above ground. An aircraft was
equipped with a 5-channel multi-spectral. The Parrot Se-
quoia camera has one 16 mpix RGB camera with 4608x3456
pixels definition and HFOV:63.9°, VFOV: 50.1°, DFOV:
73.5°. Four 1.2 mpix global shutter single-band cameras
with 1280x960 pixels definition and HFOV: 61.9°, VFOV:
48.5°, DFOV: 73.7° for every of 4 separate bands Green (550
nm) Red (660 nm) Red Edge (735 nm) and near infrared
(790 nm). The sunshine sensor of the camera removes the
errors due to the changes of sun light intensity depending on
the time and cloud intensity Orthophoto maps are generated
with the software product Pix4D and QUANTUM GIS.

The results of the field survey are aerial photography
from a multi-spectral camera, a digital terrain model, and a
combined aero photomosaic. The total volume of raw and
processed data is about 24 Gb for each of the terrains. The
obtained and analyzed maps of the NDVI index are in a geo-
referenced TIFF format with a resolution of 15 cm per pixel.

Healthy plants generally have a higher reflectance in the
near infrared area than diseased and stressed plants (Figures
1 and 2), which can be used to distinguish one from the other.
In remote studies, the so-called Normalized Difference Veg-
etation Index (NDVI) which is a numeric indicator using the
visible and near infrared areas of the electromagnetic spec-

HEALTHY VEGETATION

UNMEALTHY VEGETATION
e

7

REFLECTANCE
8
@

SOIL

TETRTL L L TR T TR L S N SN
S50 500 450 70O TS0 &0D  BSD 900 98D
WAVELENGTH

oo .
400 250

Fig. 1. Combined reflectivity of soil and vegetation.
Note the difference in the near infrared range between
the healthy and diseased vegetation curves
(Barry Warzak, 2016)
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trum for the analysis of vegetation and vegetation strength.
Typically, healthy vegetation takes up much of the visible
light that falls on it and reflects much of the nearby infrared
area. Damaged or rare vegetation reflects more than visible
light and less than the near infrared.
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Fig. 2. Schematic presentation of the reflection ability of
dead, stressed and healthy vegetation (Agribotix.com)

The traditional formula for NDVI compares Near In-
frared (NIR) and Red (RED) light. It is great for measuring
healthy, green vegetation over a wide range of conditions.
Soil and dry plants have NDVI index less than 0.30. Healthy
plants usually have NDVI index more than 0.75 (Agribotix.
com, 2014; Alia et al., 2018; Han et al., 2017; Lillesand et
al., 2015).

Image Color Summarizer 0.76 by Krzywinski (2020),
from mkweb.bcgsc.ca was applied to determine the percent-
age of the area with NDVT higher than 0.7 and the area with
NDWVI less than 0.7

Results and Discussion

The first field is sown with wheat. The wheat stage was
tillering. It is well-developed and garnished. The terrain can
be divided into two main parts — Eastern and Western. In
the East wheat is better developed. NDVI ranges from 0.7
to 0.8. The reason for this is both the plants density and the
advancement in the development phase. The slope of the
field varies from 113 to 143 meters n.m. and is a prerequisite
for the development of erosion processes from West to East,
according to the DEM (Figure 3). The erosion of soil mate-
rials, water and fertilizers movement accumulates nutrients
and water in the East part of the field. This is also the main
reason for the differences in wheat growing in both parts of

Fig. 3. Digital elevation model (DEM) of studied wheat
field

the field. Sowing is done on the slope, which further enhanc-
es the erosion of the terrain. In the western part, the NDVI
varies between 0.6-0.7. The value decrease is in the range of
0.1. The Image Color Summarizer application permitted us
to determine the percentage of the area with NDVI higher
than 0.7 and the area with NDVI less than 0.7. The area of
the field with NDVI higher than 0.7 is 63.3% and the area
with lower NDVI is 36.7%. It is expected that the yield in the
part of the field with NDVI less than 0.7 will fall by about
20-30% in the case of one rate field fertilization. For preci-
sion fertilization before the spring vegetation of the crop, ad-
ditional soil and plant samples should be taken to determine
the required amount of nitrogen fertilizers (Figure 4).

The second field is sown with oilseed rape. The slope of
the field varies from 103 to 127 meters n.m. and is a prereq-
uisite for the development of erosion processes from East to
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Fig. 4. NDVI map index on wheat filed
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West, according to the DEM (Figure 5). The seeding is not
with good quality due to poor sowing and pre-sowing prepa-
ration. NDVI of the culture is 0.8. The stage is rosette, 6 -7
leaves unfold. Lower values 0.6 to 0.7 correspond to poorly
developed rape due to later germination or other causes (Fig-
ure 6). Where the harvester passes, and the straw has been
poured out of the previous crop and some wheat is growing
between rapeseed. An herbicide treatment killed this heat
and along the filed yellow rows are observed. The presence
of straw in the soil and a large quantity of wheat seeds has
not allowed a good sowing and rape germination. These sites
are identified with a NDVI value of 0.5-0.6.
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Fig. 5. Digital elevation model (DEM) of studied oilseed
rape field
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Fig. 6. NDVI map index on oilseed rape field

The field can be divided into two parts — smaller North
and larger South. On the whole field there is a strong phos-
phorus deficiency, which is stronger in the North. Phospho-
rous deficiency has the character of spots or belts. The NDVI
index drops sharply to 0.7. Rape plants are low and are lag-
ging in their development. On the old leaves there is a bright
pink-violet coloration. Unbalanced phosphorus malnutrition
is due to the erosion processes of this field and to the appear-
ing of lower soil horizons to the soil surface. Sowing is done
along the slope, which further enhances the erosion of the
terrain and flushing the profile.

Taking pictures of drones and multispectral camera can
be of great help, and the test conducted clearly demonstrates
it. Preventive actions can happen much earlier before crops
are completely perishing and the problem is clearly visible
with the naked eye.

The Image Color Summarizer application permitted us
to determine the percentage of the area with NDVI higher
than 0.7 and the area with NDVI less than 0.7 for the oilseed
rape as well. The area of the field with NDVI higher than
0.7 is 58.1% and the area with lower NDVI is 41.9%. It is
expected that the yield in the part of the field with NDVI less
than 0.7 will fall by about 20-30% in the case of one rate
field fertilization. Two different fertilisation rates are need-
ed for precision fertilization before the spring vegetation of
the crop based on additional soil and plant samples (Figure
6). Fertilisation must be done after separate soil sampling in
both differentiated areas.

Conclusion

Taking pictures of drones and multispectral camera can
be of great help, and the test conducted clearly demonstrates
it. Preventive actions can happen much earlier before crops
are completely perishing and the problem is clearly visible
with the naked eye.

The wheat field has a NDVI higher than 0.7 on 63.3% of
the area and has lower NDVI on 36.7% of the area.

The area of the field with NDVT higher than 0.7 is 58.1%
and the area with lower NDVI is 41.9%.

It is expected that the yield in the parts of the fields with
NDVI less than 0.7 will be lower about 20-30% than in an-
other parts.

Separate soil sampling and variable rates of fertilizers are
recommended in different field parts.
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