
 
 

 

  
Abstract—In modern agriculture the game damage is a real 
problem. Analyzation of the affected areas can be measured 
usually from the ground or with human piloted airplanes. With 
unmanned aerial vehicles (UAV) the survey can be made easily for 
a 1 km2 area from a single flight, while the operating costs are 
significantly lower. During the flight (depending on the camera 
and the UAV airspeed) around 1-2000 pictures were taken. The 
photogrammetric reconstruction and the orthomosaic analysis 
needs a significant computation power. The paper presents the 
scientific basis of the analysis and the possible applications for the 
UAVs in modern agriculture including game damage made by 
rodents and deer in corn and sunflower filed, using aerial time line 
series. 
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I. THE BASIS OF AERIAL SURVEYS 
HE basis of taking orthophotos is the automatized fitting 
of the typical points of certain images. In the aerial survey 
the camera on the aircraft makes it possible to map the 

area (Fig. 1). The camera is placed at the bottom of the aircraft 
looking downwards. It takes several pictures of the area one 
after each but from a slightly different angle. The images 
significantly overlap. Typically it is 50% both horizontally and 
vertically (Fig. 2).   
 To this end, such a flight plan is necessary (Fig. 1, image 
on the left) that surveys the area to be detected in parallel with 
the routes of the same distance. The average altitude is 100-
150 m depending on the camera, aircraft and area. 
 This procedure is not sensitive to slewing the picture and 
the camera’s position on a stabilized platform is not a 
criterion, either. That is, the camera should not exactly look 
downwards vertically at all times. After the flight the interface 
software looks for typical point pairs on the images (they can 
even amount to several thousand per picture), which are 
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matched afterwards. The widely used processes - SIFT 
[1][2][3], SURF [4][5], RANSAC [6], ICP [7] - are then 
optimized on modern video cards (GPGPU) so these devices 
help accelerate the process which is then ten times faster than 
with a traditional processor (CPU) [8][9]. 
 After the software finished matching the point pairs, a 
colorful point cloud is created (Fig. 3). There is still an 
opportunity for deleting faulty or not appropriate images and 
point pairs [10]. Afterwards, a properly filtered 3D surface is 
created from the point cloud on which a low resolution texture 
is made by montaging the original pictures. Georeferencing is 
possible on both on the generated surface and the original 
pictures on the basis of the typical objects on the site or the 
surveyed points. A punctuality of 1-2 m is realistic on an area 
of 0.5-0.6 km2 in general.  
 Greater punctuality can be achieved by locating exact 
positions and with the application of D-GPS. High resolution 
GeoTIFF and/or Google Earth KMZ maps can be exported of 
the georeferenced are, which can be used both for defining 
distances and areas (Fig. 4). 

II. AGRICULTURAL EXPERIMENTS 
High resolution orthophotos were made from series in each 

experiment by a camera with a not stabilized platform. The 
aircraft robotic system ensures the proper flying route of the 
electric UAV with rigid wings that carries the camera.  The 
method is suitable for the cost-effective survey of smaller areas 
(0.3-0.6 km2) rapidly (15-20 minutes) but it can also be 
applied on an area of 1-1.5 km2 easily. In case of using a 
cheap, 10-14 megapixel camera orthophotos of 3-3.5 cm/pixel 
can be made in general by using the pictures. Furthermore, the 
resolution of the orthophoto depends on the height from where 
the photos were made, which is basically determined by the 
speed of the aircraft used and the shooting speed of the 
camera. The prerequisite of taking photos is the minimum 
overlapping of 40% among the pictures. In the experiments we 
tried to achieve the 60% overlapping [11].  

The images make it possible to survey the current situation 
of an area. Due to the tiny size of the equipment, making a 
picture does not require any special infrastructure. The UAV 
can even be launched manually and it can land on a clearing or 
a lane. 
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Fig. 1: The route of the UAV 

 

 
Fig. 2: The position of the photos  

 

 
Fig. 3. The point cloud generated from the area 

 
By means of our methods exact figures and data can be 
gained in surveying game damage or by making series of 
pictures the development of agricultural cultures can be 
monitored. By analyzing data the usage of fertilizers and 
herbicides can be optimized and reduced [12][13]. 

III. GAME DAMAGE DONE BY RODENTS 
 Processing aerial pictures make it possible to carry out 
precise measuring and analyses. An experiment was carried 
out on a young wheat field where the size was determined 
together with the area that does not yield.  
 By analyzing the latter one we separated damages due to 
cultivation and those done by gophers proliferating the area. 
The preciseness of the pictures did not even result in 
determining the damaged area by the gophers but also the 
number of their ’nests’. 
 In Hungary there is a regulation on protection against 
gophers (Par. 2(1) of the Ministry of Agriculture and Rural 
Development 43/2010. (23 April) on plant protection orders 
protective measures taken against gophers by farmers and 
other land users). On the basis of it, protection is not only the 
option but also an obligation for the farmers. 
 At the same time, the rues of chemical protection are quite 
strict. Except for special cases protection means placing 
chemical agents into the holes of the gophers. It means that 
protection is possible by surveying the agricultural area. 
Typically, systematic walking is necessary to find the nests of 
the gophers, which is time consuming and labor intensive. 
With the help of our aerial pictures made by UAVs such 
orthophotos were taken that can serve as the basis for both 
quantitative and qualitative analyses (Fig. 5) [14][15][16]. The 

 
Fig. 4: Georeferenced orthophoto on Google Earth satellite image and one of its magnified parts 
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analyses assisted us in determining the extent of the infection 
(number of nests in the given area) and its current effect on the 
growth of wheat (non-yielding area). A ’map’ can also be 
made of the given area in addition to determining the number 
of nests.  
 By using this map, protection took place by the direct 
approach of the detected nests instead of the systematic 
wandering of the area. After some weeks new series of pictures 
were made (Fig. 6, 7) whose analysis provided us with 
quantitative information on the effectiveness of protection and 
also the extent of regeneration on the damaged area. 
 The figure illustrates that after protective measures were 
taken the damaged area did not increase. On the contrary, the 
green plants started to grow, which resulted in the apparent 
decrease of the size of the damaged field. 
 

 
Fig. 5. Determining the expected yield loss of wheat fields and the 
extent of the damage done by gophers. (24.04.2015); Top: the total 

area (0.2 km2); Middle: the area of not yielding or germinating wheat 
(cultivation traces, improper sowing, soil erosion, rodent damages - 

0.0166 km2); Bottom: damage done by the gophers (196 m2, 61 
nests). 

IV. GAME DAMAGE DONE BY LARGE WILD ANIMALS 
Game damage can always be traced down in plant cultures 

during vegetation whose impact on the final yield depends on 
the time of the impact as well as the nature of the concrete 
damage. In the case of trampling if it takes place during 
vegetation, partial or even total regeneration is possible 
provided that no other trampling occurs.  
 When the plant, especially its shoot tips or productive parts 
are chewed, the damage is usually irreversible. Of course, in 
this case protection means stopping further damage. It is very 
difficult and often imprecise to assess the damage and express 
it numerically as the height of the plant culture does not make 
the observation of the area possible [17]. 
 

 
Fig. 6: Gopher nests after protection 

 

 
Fig. 7: Before and after protection – no damaged area growth 

02.07.2015 

03.09.2015 
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Typically, only the borders of the damaged area can be 
discerned and the extent of the real damage, which is not 
visible from the land, can empirically be concluded. 

 Fig. 8 presents the assessment of a sunflower field. Pictures 
were taken in several stages of growth. Assessment took place 
on the basis of the picture taken at blooming but, of course, the 
time series make it possible to follow the entire process of 
growth and changes in the damage. The high resolution serves 
as the basis for detailed and exact analysis. 

Paying attention to details necessitates adjusting the barren 
area with spaces between the lines as the analysis regards them 
as damaged areas. When magnifying the figure part of the 
examined area free from damages can be seen well. The 
yellow color marks the area not covered by plants (Fig 9.). 

Accordingly, had the area not been damaged, the uncovered 
part would amount to 15.6%, which is the consequence of 
natural cultivation, i.e. covering 84.4% can be regarded as 
100% utilization. By adjusting this figure we managed to 
assess the extent of damage made by deer. The image shows 
that the sunflower filed basically suffered damage from the 
bordering forest, which justifies the experience that the wild 
herbivorous game damage the open cultures by coming out of 
the forest. 

 

 
Fig. 8. Game damage in the sunflower field 

(Area: 0.263 m2, Coverage ratio of healthy area: 84.4%, 
Vegetation: 0.153 m2, Barren: 0.11 m2, Adjusted barren ratio: 26.2% 

 

 
Fig. 9. Corrected vegetation ratio. Yellow marks non computable 

areas. 
 

When having a closer look at the photo it can be seen that 
the deer bit the middle of the growing plant. This observation 
justified the determination of the areas declared to be damaged 
on the basis of the aerial pictures.  

Regularly taking pictures of the examined areas is useful 
from a lot of aspects. On the one hand, the temporary stage of 
development can be seen and in some cases this information 
can assist decision making to determine the time and the extent 
of the necessary interventions. On the other hand, at the 
different stages of the plant’s development, different types of 
information can be obtained while assessing the pictures, e.g. 
the damage done to sunflowers can best be assessed at 
blooming. 

Fig. 10 presents the photograph of sunflower on the seventh 
day after desiccation. The healthy and the damaged area are 
not so well discernible in the picture so at this stage the 
assessment of the damage is uncertain. 

 
Figure 10: Blooming (top) and dried (bottom) sunflower 

INTERNATIONAL JOURNAL OF APPLIED MATHEMATICS AND INFORMATICS Volume 10, 2016

ISSN: 2074-1278 41



 
 

 

 

 
 

Figure 11: Monitoring the development of agricultural cultures by 
UAV (The bottom left corners show a magnified part of the area.) 

V. MONITORING PLANT DEVELOPMENT 
 Due to the relative simplicity of shooting the pictures and 
its cost-effectiveness (when compared with traditional pictures 
from manned aircrafts or satellite ones of the same resolution) 
even smaller areas can serve as the subject of the temporal 
series.  
 The pictures taken of the same area at the single key stages 
of plant development or in the period after spreading the 
insecticides and fertilizers can help determine the exact time of 
chemical distribution and also obtain more exact feedback on 
the efficiency of the treatment.  
Fig. 11 presents the temporal series of pictures taken of a 
wheat field. The first picture was made when the plant had 
only two leaves. We also managed to locate the gopher nests at 
that time exactly, which was the basis for protection. The 
picture in July reflects the situation before harvesting while the 
one in September shows the green condition. It can be seen 
well that the eroded parts of the area made a significant impact 
on the plant in spite of the fact that the wheat obtained enough 
nitrogen in the vegetation period. 
  Another way to monitor plant development is usage of a 
multispectral camera. Low resolution (1 MPixel) versions are 

available for UAV applications (e.g. Tetracam ADC Micro). 
These sensors are usually lightweight (1-200g) but they are 
slower and have significantly lower resolution compared to 
their full sized versions. Usually the resolution of final 
multispectral ortophoto (Fig. 12, 13) is around 0.15-0.30 
m/pixel, while Landsat 7/8 satellite provides (free of charge) 
30-60 m/pixel resolution images which can used to verify 
UAV surveys and calculate e.g. NDVI maps (Fig. 14, 15). 

 
Fig. 12: NDVI map from ADC micro 

 
Fig. 13: NDVI map from Landsat 8 (from the same area as Fig. 12) 

 

 
Fig. 14: NDVI histogram from ADC micro data 

 

24.04.2015 04.06.2015 
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Fig. 15: NDVI histogram from Landsat 8 (from the same area as Fig. 

14) 

VI. CONCLUSION 
The use of UAV in agriculture provides several 

opportunities. The applications presented can result in 
significant savings or minimizing losses and also can serve as 
the basis for assessing game damages. Due to high resolution 
and georeferencing, the precise results can be used for 
monitoring and controlling works on the field. We intended to 
the cost-effectiveness and efficiency of applying these 
instruments in agriculture so that farms would not be required 
to build special infrastructure for UAV so it can be applied on 
any agricultural area depending on the weather conditions. 
They grant cheaper survey compared to a human piloted 
aircraft and has even around 100 times better resolution 
compared to a multispectral Landsat 7-8 satellite image. 
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