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Abstract 
 
The aim of this paper is to determine the benefit of modern methods of scanning and processing images of a rapeseed 
crop to determine affected areas at the end of winter. There are where the measurements took place is on the study 
grounds of “Belciugatele Research Station - Moara Domnească Farm”. Three methods were used, all based on the 
same image provided by a drone as a basemap, and RTK-GPS measurements. For the first method the affected areas 
were delimited using a RTK receiver, which required a person on the ground to manually provide the required data. 
The second method uses the same image, but digitizing was done at a later date by using GIS instruments. In the third 
method the digitizing was also done using software, by classifying the pixels. The result of the study showed that the 
third method was superior because of higher precision and lower processing time. 
 
Key words: drone, GIS instruments, pixel classification, GPS measuring, affected area, rapeseed crop. 
 
INTRODUCTION  

 
The steady rise in energy consumption as an 
effort to reduce the use of fossil fuels meant a 
fast increase in rapeseed crops. In 1994, there 
were 303 ha of rapeseed crops in Romania. 
That number grew to 527175 ha in 2010. 
(http://faostat.fao.org/site/567/default.aspx#anc
or). Therefore, specialists have invested in 
improving technologies that increase 
production and minimize loss.  
One factor that negatively affect rapeseed crops 
is drought during sowing period, which causes 
patchy or delayed sprouting. This results in 
plants not having enough time to accumulate 
sufficient biomass to survive freezing during 
the winter. In Romania, the biggest losses occur 
during spring, as a result of sporadic hot-cold 
spells (Pirna et al., 2011). 
At the end of winter, farmers have tough choice 
to make: either the crop fares well during the 
winter and there is potential for profit, or the 
crop is  compromised and maintaining if further 
would mean financial loss. In the latter case, 
the crop is abandoned and a new one is started 
on that area (Verger et al., 2014). 
Farmer invest in preparing, sowing and 
protecting the field until the point a decision 
can be made. Sowing a compromised crop after 

the sowing time has passed does not guarantee 
production at the maximum potential of the 
field, no matter what the type of crop replaces 
the rapeseed (Moorthy et al., 2015).  
Consequently, a decision must be made 
quickly, so a fast and accurate way is required 
to determine the extent of the damage (Verger 
et al., 2015). 
To address this need, we tested three methods 
of determining the amount of deterioration in 
rapeseed crops at the end of winter.  

 
MATERIALS AND METHODS 

 
The first method, which is the one used by 
farmers, was based on RTK measurements. The 
second method uses GIS instruments, whereas 
in the third method the classification is done 
automatically by the computer using pixel 
classification software (Meyer, 2011). 
In all three methods a drone was utilized to 
capture the orthophoto image (Huang et al., 
2013) based on digitization, pixel classification 
(Ashok et al., 2015) and the superimposing of 
the zones without vegetation from the RTK 
measurements (Viña et al., 2011). 
In order to evaluate the three methods 
objectively, research was conducted on the 
”Belciugatele Research Station - Moara 



152

 
Domnească Farm”, during the 2015-2016 
agricultural year. 
The experiment had two factors: the A factor 
was the seeding time (a1-28.08.2015 and a2-
15.09.2015). The B factor was the distance 
between the rows (b1-12.5 cm, b2-25 cm, b3-
37.5 cm, b4-50 cm). The determinations using 
the three methods were done during the 
vegetation period in the spring, on 01.05.2016. 
The orthophoto was first captured with a drone, 
then geo-referenced. The images were taken 
with the Phantom 3 Professional drone (Figure 
1). 
 

Figure 1. Phantom 3 Professional 
 
Those images represent the orthophoto and the 
respective basemap which the digitization is 
based on. Control points were fixed using 
milestones in the form of an X, for increased 
visibility from high altitudes (Figure 2). 
 

 
Figure 2. Control Points + GPS Trimble 

 
After the control points are fixed, the GPS 
Trimble is set-up for the georeferencing stage. 
The data processing stage follows those steps: 
the image from the drone was loaded by using 
the ArcMap 10.x software; then georeferencing 

was done by using the coordinates from the 
GPS in the field. 
The coordinates, which are initially in the 
WGS84 standard, are converted to Stereo 1970 
with the TransDat software acquired from the 
official ANCPI website. After the control 
points are added the image was be in the 
correct position (Figure 3). 

 

Figure 3. Georeferencing 
 
The first method consists in manually mapping 
the field using a GTS RTK and the Stop and 
Go process to delimit each zone without 
vegetation (Figure 4). 

 

 
Figure 4. Zone without vegetation 

 
The data is converted in ArcMap (Figure 5) and 
the surfaces were measured. The data is 
centralized for each experimental parcel. 
The second method is a laboratory method 
based on manually digitizing zones without 
vegetation in the orthophoto from the drone. 

 

 
 

Figure 5. Measures zones applied on the orthophoto 
 
For the second method, two shape file layers 
are created, one used to digitize the affected 
areas without vegetation, and the other used to 
delimit the study areas and determine the total 
area. 
The digitizing is done vertex by vertex, 
according to the user's skill (Figure 6). 
 

 
Figure 6. Final edit 

  
Any area can be analysed from the selection.  
The surface area without any vegetation is 
determined for a specific lot (Figure 7). 
 

 
Figure 7. Selection of lot 2 from Epoch A 

The third method is a laboratory method based 
on image processing using software to classify 
pixels. 
In ArcMap, supervised classification results in 
two groups: Green pixels for zones with 
vegetation and yellow pixels for the affected 
areas. The results from seven samples with 
different parameters are compiled for the most 
accurate representation. 
The resulting image is then cut in eight 
different images, each correspondent to a lot. A 
Python script was used inside ArcMap for each 
image to count the pixels based on colour. The 
total affected area could be calculated based on 
the results (Figure 8). 
 

 

 

 

 

 

 

 

 
Figure 8. Classifications pixel 

 
In the case of lot 1, the result were two classes 
of RGB colours: 429691 green pixels  and 
287700 yellow pixels . Because we know 
that 324 square meters equals 718286 pixels, it 
the results was 129.77 square meters of 
affected area. 
 
RESULTS AND DISCUSSIONS 
 
Looking at the data in Table 1 for the first 
method we can see the areas affected by 
climate conditions in the winter varied from 
0.6% for the crop sowed during Epoch a1, at 
12.5 cm and 52.9% for Epoch a2 at 50 cm 
distance between rows. 
In the case of the manual digitizing in the 
laboratory the results varied between 11.7% for 
the crop sowed during Epoch a1 at 12.5 cm and 
60.7% for the one in Epoch a2 at 50 cm 
distance between rows.  



153

 
Domnească Farm”, during the 2015-2016 
agricultural year. 
The experiment had two factors: the A factor 
was the seeding time (a1-28.08.2015 and a2-
15.09.2015). The B factor was the distance 
between the rows (b1-12.5 cm, b2-25 cm, b3-
37.5 cm, b4-50 cm). The determinations using 
the three methods were done during the 
vegetation period in the spring, on 01.05.2016. 
The orthophoto was first captured with a drone, 
then geo-referenced. The images were taken 
with the Phantom 3 Professional drone (Figure 
1). 
 

Figure 1. Phantom 3 Professional 
 
Those images represent the orthophoto and the 
respective basemap which the digitization is 
based on. Control points were fixed using 
milestones in the form of an X, for increased 
visibility from high altitudes (Figure 2). 
 

 
Figure 2. Control Points + GPS Trimble 

 
After the control points are fixed, the GPS 
Trimble is set-up for the georeferencing stage. 
The data processing stage follows those steps: 
the image from the drone was loaded by using 
the ArcMap 10.x software; then georeferencing 

was done by using the coordinates from the 
GPS in the field. 
The coordinates, which are initially in the 
WGS84 standard, are converted to Stereo 1970 
with the TransDat software acquired from the 
official ANCPI website. After the control 
points are added the image was be in the 
correct position (Figure 3). 

 

Figure 3. Georeferencing 
 
The first method consists in manually mapping 
the field using a GTS RTK and the Stop and 
Go process to delimit each zone without 
vegetation (Figure 4). 

 

 
Figure 4. Zone without vegetation 

 
The data is converted in ArcMap (Figure 5) and 
the surfaces were measured. The data is 
centralized for each experimental parcel. 
The second method is a laboratory method 
based on manually digitizing zones without 
vegetation in the orthophoto from the drone. 

 

 
 

Figure 5. Measures zones applied on the orthophoto 
 
For the second method, two shape file layers 
are created, one used to digitize the affected 
areas without vegetation, and the other used to 
delimit the study areas and determine the total 
area. 
The digitizing is done vertex by vertex, 
according to the user's skill (Figure 6). 
 

 
Figure 6. Final edit 

  
Any area can be analysed from the selection.  
The surface area without any vegetation is 
determined for a specific lot (Figure 7). 
 

 
Figure 7. Selection of lot 2 from Epoch A 

The third method is a laboratory method based 
on image processing using software to classify 
pixels. 
In ArcMap, supervised classification results in 
two groups: Green pixels for zones with 
vegetation and yellow pixels for the affected 
areas. The results from seven samples with 
different parameters are compiled for the most 
accurate representation. 
The resulting image is then cut in eight 
different images, each correspondent to a lot. A 
Python script was used inside ArcMap for each 
image to count the pixels based on colour. The 
total affected area could be calculated based on 
the results (Figure 8). 
 

 

 

 

 

 

 

 

 
Figure 8. Classifications pixel 

 
In the case of lot 1, the result were two classes 
of RGB colours: 429691 green pixels  and 
287700 yellow pixels . Because we know 
that 324 square meters equals 718286 pixels, it 
the results was 129.77 square meters of 
affected area. 
 
RESULTS AND DISCUSSIONS 
 
Looking at the data in Table 1 for the first 
method we can see the areas affected by 
climate conditions in the winter varied from 
0.6% for the crop sowed during Epoch a1, at 
12.5 cm and 52.9% for Epoch a2 at 50 cm 
distance between rows. 
In the case of the manual digitizing in the 
laboratory the results varied between 11.7% for 
the crop sowed during Epoch a1 at 12.5 cm and 
60.7% for the one in Epoch a2 at 50 cm 
distance between rows.  



154

 
For the third method, in which the digitizing 
was done automatically by the software, the 
results varied between 33.05% for the crop of 
Epoch a1 and with 12.5 cm distance between 
rows and 75.46% for Epoch a2 at 50 cm 
distance between rows. 
The results obtained from the three methods are 
centralized in table 1. 

 
Table 1. Data centralization for the degree of destruction 

suffered by the rapeseed crop at winter’s end 

Epoch Row 
Width 

GPS RTK 
Method 1 

% 

Digitizing 
Method 2 

% 

Pixel 
classification 

Method 3    
% 

I 

12.5 
cm 0.6% 23.8% 35% 

25 cm 1.6% 24.5% 35.12% 
37.5 
cm 7.2% 34.2% 49.29% 

50 cm 51.4% 51.2% 67.2% 

II 

12.5 
cm 1.2% 11.7% 33.05% 

25 cm 5.5% 23.5% 34.35% 
37.5 
cm 30.0% 39.1% 51.06% 

50 cm 52.9% 60.7% 75.46% 

 
Looking at the results for the same plot, we can 
observe that the results vary greatly based on 
the method used. For the first method where 
GTS-RTK was used, the values obtained were 
on average 10-20% lower than the other 
methods. 
When the affected area (the area without 
vegetation) is bigger, the differences between 
values from the each methods are smaller. 
From the agronomical point of view, when a 
rapeseed crop is destroyed in proportion of up 
to 30%, the crop has the potential to turn a 
profit, even if the production is lower. For a 
degree of destruction over 50%, based on the 
ability of the plants, the question of abandoning 
the crop was raised. 
In those conditions and with the results 
obtained, it can be concluded that all three 
methods provided valuable information to 
allow a correct decision to be made. Analysing 
the data obtained from manually mapping with 
GPS-RTK, we can determine that the plots with 
50 cm distance between rows for each Epoch 
should be abandoned. The same conclusion can 
be drawn from the second and third method.  
Comparing the manual mapping method with 

the ones using software, we can see much 
bigger values for the affected area, resulting 
from the increased ability of the software over 
the human eye.   
Table 2 shows that the time required to 
determine the affected areas was much lower in 
the case of automated processing of the image, 
from 15-20 minutes for the manual mapping to 
just 1 minute in the case of the pixel 
classification method. 
 

Table 2. Time needed to determine 
 the affected area of a rapeseed crop 

 Surface GPS RTK 
Method 1 

Digitizing 
Method 2 

Pixel 
classification 

Method 3  
328 mp 15-20 min 5-8 min 1 min 

 
Figure 9 shows that the rapeseed destruction 
degree was greater in the case of the third 
method owing to its higher accuracy. 
Therefore, that method provide the best 
overview of the affected areas. 
 

 
 
CONCLUSIONS  
 
This paper compares three modern methods of 
determining the affected area of rapeseed crops 
as a result of cold and frostbite at the end of 
winter.  
The method of manually mapping the field is 
slow and requires a person to traverse the 
whole test area and delimit the surface. 
Digitizing in the laboratory allows for faster 
delimitation times of the affected areas with 
minimal errors and allows for a birds-eye view 
of the whole crop. 
The automated processing of the orthophoto is 
a fast method with high accuracy. 

Figure 9. The degree of destruction of rapeseed 

 
While the speed and accuracy of the three 
methods varies, all can be used to make a 
correct decision on keeping or abandoning a 
crop. 
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