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ABSTRACT--- This study evaluated elevation data in an 

agricultural field using an unmanned aerial vehicle (UAV) and a 

multispectral camera at an experimental site in the Amur Region, 

Russia. This region experiences waterlogging of soils, which 

prevents the use of agricultural machinery. Combine harvesters 

and transports are unable to perform technological processes on 

overmoistened soils. UAV surveying technology may help achieve 

a higher level of efficiency of agricultural land management. We 

processed captured Geo-TIF images using photogrammetry 

algorithms and recorded deviations in soil moisture on the 

experimental site. We produced a digital terrain model (DTM) 

that allowed us to determine areas of low-lying ground in the 

field that were prone to flooding and waterlogging. Using the 

UAV derived elevation model to determine low-lying ground may 

provide new opportunities for the region. Advanced land 

management may reduce farmers’ costs for maintaining 

machinery and labor in the field, especially during the harvest 

season. 
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INTRODUCTION 

The introduction of new technologies in agriculture stems 

from the need to improve the quality and profitability of 

agricultural production. Government agencies, scientists, 

and farmers have been increasingly aware of the growth of 

smart agriculture and importance of development in this 

direction in recent years (Boiarskii and Hasegawa, 2017).  

Drones can be instrumental at the start of the crop cycle. 

They produce precise map data for early soil analysis, which 

is useful in planning seed planting (Hugenholtz et al., 2013). 

Before the planting season, it is necessary to arrange for 

land monitoring, including the geography of the field 

(Whelan and McBratney, 2012). Current limitations in 

technologies need to be improved, such as imperfect 

hovering capabilities, constrained flight time and payload 

(Tauro et al., 2016). 

This paper presents a study on elevation data in an 

agricultural field using a drone and a multispectral camera 

on the experimental farm of Far Eastern State Agrarian 

University, located in the Amur Region, Russia. 

Waterlogging of soils and the inability of machinery to work 
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in the conditions of flooded areas are serious problems in 

the region. Due to the climatic features of the Far Eastern 

Region, over 95% of arable land is subjected to 

waterlogging. This factor is aggravated by regional soils 

composed of heavy clay loams, including dominant brown 

podzolic soil and meadow gley soils in Amur Region 

(Kashpura, 1964). 

The purpose of this study was to determine low-lying 

ground with the use of drone surveying technologies for 

further land management. The processed data were made 

available to farmers to help them to predict flooding before 

the planting season. 

THE STUDY SITE 

The city of Blagoveshchensk, Amur Region, Russia was 

chosen as the study area. The Amur Region is a federal 

territory of Russia, located in the upper and mid Amur River 

basin, about 8,000 km east of Moscow. The city is located in 

the south of the Amur-Zeia plain, on the left bank of the 

Amur, with the confluence of the Zeia river. The study site 

is a 41.2 ha cropping field located in Gribskoe village, used 

for breeding and agriculture studies by Far Eastern State 

Agrarian University (Fig. 1). Amur Region is an area with 

high soil moisture. The conditions for soil formation in 

Amur region are characterized by several features: 1) a cold 

winter with little snow promotes deep freezing of the soil; 2) 

a cold arid lingering spring slows down the thawing of the 

soil and plant growth; 3) a warm and rainy summer (half of 

the annual rainfall falls in July and August) leads to 

waterlogging. In the central part of the floodplain, meadow 

vegetation develops, beneath which floodplain-meadow 

soils are formed. This factor makes it favorable for 

agriculture, but the farmlands of the region are subject to 

flooding (Pavluk, 2005). 
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Fig. 1: Study site in Amur Region 

MATERIALS AND METHODS 

The study used the unmanned aerial vehicle (UAV) 

model Matrice-100 (rotary wing drone), manufactured by 

DJI, China (Fig. 2). The UAV had a multispectral Rededge 

camera manufactured by MicaSense, USA. The camera had 

five bands. Different combinations of the bands allowed us 

to observe different analytical layers. 

We tested the UAV at various altitudes and speeds. In this 

study the UAV flew 120 m high over the site at 15 m/s. The 

UAV mission was planned by “Pix4Dcapture” on an Apple 

iPad.  

 
Fig. 2: DJI Matrice-100 UAV 

We configured camera settings and flight parameters in 

the app settings. The camera focal size was 5.5 x 4.8 mm, 

and the ground sampling distance (GSD) from the 120 m 

altitude flight was 8.18 cm/px. Front overlap and side 

overlap were set at 80% and 85%, respectively. We obtained 

1910 raw images in 5 bands or 382-point images (Fig. 3). 

Elevation can be derived if a high proportion of overlap is 

selected (Hirschmuller et al. 2012). The obtained images 

were processed in “Pix4Dmapper” software. Based on these 

estimations we acquired a digital terrain model (DTM) and 

orthophoto plan. The elevation model was calculated in 

ArcMap.  

 
Fig. 3: Raw image from camera 

The UAV images were processed into stereo pairs using 

photogrammetry algorithms. The stereo pairs consisted of 

images with different geolocations. The stereo image pairs 

were used to generate a point cloud (3D points) (Fig. 4) 

from which we derived an orthophoto plan, digital surface 

model (DSM) and DTM. 

 
Fig. 4: Cloud points 

RESULTS AND DISCUSSION 

The Amur Region has unpredictable weather conditions 

with regular flooding and soil waterlogging, which causes 

additional expenses for farmers (Tilba, 2003). Combine 

harvesters and transports have difficulty moving around 

fields and performing technological processes in 

waterlogged soil conditions (Fig. 5). Combines frequently 

get stuck in the field during the harvest season and can stay 

there until next spring. This leads to loss of crops and 

equipment failure. 

 
Fig. 5: A stuck combine harvester 
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In this study, we introduced UAV technologies to rapidly 

identify low-lying ground areas in the field, prone to 

flooding and waterlogging, which can help farmers to adapt 

their decisions on cultivation. 

We used a UAV with a camera to obtain images with 

meta-data on elevation. First, we rendered gray scale layers 

to get an RGB map (Fig. 6). We used this map to arrange 

plots on the fields and observe the surface. We managed 

territory over several hectares working with the map in 

digital format. 

 
Fig.6: RGB map of the experimental field 

The elevation data were obtained from Geo-TIF images 

with many locations on the ground, so each point was 

covered by multiple images. Based on these estimations we 

acquired a precise DTM with elevation data. The elevation 

was calculated in ArcMap by building a graph with meters 

above sea level (MASL) based on GPS and compass 

position (Fig. 7). 

We analyzed elevation data on the site and identified the 

deviation. A 3% slope was observed from the elevation data, 

which had a maximum of 145.3 meters and minimum of 

139.7 meters above sea level. 

The gentle angle of the slope affected water running 

downhill that gained energy during heavy rain as it 

continued to move due to the earth's gravitational pull. This 

transported the nutrient-rich organic matter in the topsoil 

down the slope (Fig. 8).  

 
Fig. 7: Elevation model processed in ArcMap 

 
Fig. 8: Water flow from topsoil 

CONCLUSION 

1. UAVs provided field surveying and high-resolution 

monitoring capabilities, which allowed us to estimate 

different data. They produced precise map data for 

early soil analysis, which is useful in planning seed 

planting. 

2. In this study we analyzed an experimental field and 

observed low-lying ground areas on the field, inclined 

to flooding and waterlogging.  

3. The data we obtained and processed were 

communicated to farmers to help them evaluate land 

management. When the low ground has been 

identified, farmers have an opportunity to decide on 

the methods to manage it effectively. 

4. Our study introduced the provision of elevation data 

via UAV in the Far East of Russia. This experience 

may affect the development of new technologies in 

this region. 

5. Further work needs to be done on the relationship 

between UAV speed and flight altitude, which affect 

the precision and quality of the final data. 

6. The current limitations, such as constrained flight time 

and payload, need to be improved to obtain better 

quality data faster. 
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