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SUMMARY 

The application of remote methods of studying the state of solid waste dumps is an effective 
tool for their monitoring. Using the example of the Zdolbunivsky solid waste dump, the 
informativeness of deciphering its maps and adjacent areas based on UAV shooting data is 
shown. The method of obtaining aerial photographs and their subsequent processing by 
means of photogrammetry is the most effective way of obtaining geospatial information. Its 
main advantage is the minimization of fieldwork and the speed of obtaining information. 
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Introduction 
 
Landfills and dumps belong to environmentally hazardous facilities. Their exploitation leads to 
pollution of almost all components of the environment - soils, surface and underground waters, 
atmospheric air, vegetation, etc. 
 
The use of remote sensing and digital maps of the terrain allows for the analysis of the spatial 
placement of household and industrial waste landfills and dumps, and in relation to not only 
settlements, but also taking into account the features of geosystems in the areas where disposal 
facilities are located. These features determine the landscape conditions in which waste accumulates. 
In addition, the images make it possible to study the processes taking place in geosystems - the 
conditions for the migration of pollutants, which are formed during the operation of landfills and 
dumps, as well as those conditions that are necessary to maintain the regular technological regime of 
waste storage and processing [Azimov and Shevchuk, 2020]. 
 
Method and study area 
 
In order to develop the technique of remote monitoring we chose the Zdolbuniv MSW dump, the 
Rivne region, Ukraine (Fig. 1). As previously established [Shevchuk et al., 2021], over the past 20 
years the map area of this dump has almost tripled. 
 
Practical experience and research have shown that the effective use of an unmanned aerial vehicle 
(UAV) of one or another design and obtaining high-quality final material should be determined by the 
task, the size of the objects and compliance with the standard requirements provided for aerial 
photography. In addition to mapping, the use of UAV data makes it possible to effectively solve 
engineering tasks [Azimov et al., 2020]. 
 
The use of a UAV as an aerial photography platform has great prospects for photographing objects 
that are small in length and area and for photographing linear objects. The data obtained with the help 
of UAVs make it possible to obtain high-quality cartographic materials (spatial data) under the 
following conditions: 
• Fulfillment of specified requirements for filming equipment and filming process; 
• Sequential photogrammetric processing of images. 
 
The entire process of drawing up an orthophoto plan can be divided into several stages: 
1) Surveying an object or territory. 
2) Color correction of the received images. 
3) Assignment of geographical reference in space to pictures. 
4) Creating an orthophoto plan. 
5) Creation of a digital terrain model (DTM). 
 
Results 
 
In July and August 2021, the Zdolbuniv dump (Rivne region), which is a kind of training ground for 
our research, was photographed from a multicopter type UAV. As a result, orthophoto plans with a 
resolution of 4 cm per pixel (Fig. 1) were obtained, several infographics were built on their basis, and 
the volume of waste was calculated. 
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Figure 1 View of the finished orthophoto plan of the Zdolbuniv dump 
 
The shooting process means going to the object, placing the necessary equipment and launching the 
UAV. The flight takes place in automatic mode along a pre-planned trajectory recorded in the 
memory of the UAV's on-board computer. During the flight, the UAV continuously takes a series of 
pictures at a given interval, while the on-board computer records the coordinates and height of the 
center of photography [Sheviakina et al., 2019]. Thus, we get an array of photos with known 
coordinates of the photo centers. Provided that the shutter release interval of the camera is set 
correctly, which ensures approximately 80% overlap of the images, at the output we get a complete 
orthophoto plane, which will not have gaps or so-called "white spots" that are formed due to a lack of 
data [Aronoff, 1989]. 
 
With the help of the specialized software AgiSoft Photoscan, the resulting array of photographs is 
transformed into an orthophoto plan and digital terrain model, a so-called height map. At the same 
time, we note that the spatial resolution can reach 4 and 20 cm/pixel, respectively. Thus, we get two 
georeferenced images, one of which shows elevations on the terrain. 
 
Now, based on image data, it is possible to perform various tasks, the most necessary of which is 
visualization and calculations of the area of the dump and the volume of waste it contains. Because 
the elevation map of the earth's surface is a raster containing height data, it becomes possible to 
visualize the image in three-dimensional space using the AgiSoft Photoscan software (Fig. 2). 
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Figure 2 View of the three-dimensional model of the dump 
 
So now, we can create visual models, cross-sections and infographics. In addition, one of the tasks 
that we solved is the calculation of the volume of the Zdolbuniv dump. For this, it is necessary to have 
data on the heights at the dump for past years or to interpolate the surface based on the actual heights 
at points located near the dump. Thus, two surfaces are created: the first - reflects the situation now, 
the second - reflects the situation for earlier periods or a conditional surface. Using the spatial analysis 
tool, we can calculate the volume by calculating the height difference between the surfaces in the 
house. The result of this tool is a raster, which shows areas where the terrain has risen or fallen, or 
where the absolute height has not changed. In addition, the attribute table of the raster contains the 
calculation of the volume in projection units (in m3). 
 
As can be seen in Fig. 3, the first entry in the attribute table corresponds to the largest area of the 
dump, which changes its height compared to the original surface. Entries in the table that begin with a 
minus characterize the volume of positive forms of relief, others, respectively, negative. Each record 
corresponds to a separate combination of cells and characterizes their area and volume, showing the 
result in projection units, i.e. in m2 and m3, respectively. 

 
Figure 3 Calculation of the volume of the dump 
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Conclusions 
 
The application of remote methods of studying the state of dumps is an effective tool for their 
monitoring. Using the example of the Zdolbunivsky dump, the informativeness of deciphering its 
maps and adjacent areas based on UAV shooting data is shown. The method of obtaining aerial 
photographs and their subsequent processing by means of photogrammetry is the most effective way 
of obtaining geospatial information. Its main advantage is the minimization of fieldwork and the 
speed of obtaining information. 
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