UAV BASED AGRICULTURAL PLANNING AND LANDSLIDE MONITORING 
Abstract. The use of Unmanned Aerial Vehicle (UAV) tools has become widespread in map production, land surveying, landslide, erosion monitoring, monitoring of agricultural activities, aerial crop surveying, forest fire detection and monitoring operations. In this study, GEO 2 UAV manufactured by TEKNOMER equipped with SONY A6000 camera has been used. The flight plan have been performed with 100 m altitude, with 80% longitudinal and 60% side overlapping. Ground Control Points (GCPs) have been observed with Topcon and Trimble GNSS geodetic receivers. Recorded GNSS signals have been processed with LGO V.8.4 software to get sensitive location information. 985 photos have been taken for the 344 hectares the agricultural area. 291 photos have been taken for 50 hectares the landslide area. All photos were processed by PIX4D software. For the agricultural area, 25 GCPs and for the landslide area, 8 GCPs have been included in the evaluation. 3D images were produced with pixel matching algorithms.  As a result, the RMS evaluation was obtained as ±0.054 m for the agricultural area and as ±0.018 m for the landslide area. UAV images have indisputable contributions to the management of catastrophes such as landslides and earthquakes, and it is impossible to make terrestrial measurements in areas where disaster impact continues.
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Introduction

Landslides are a major problem in mountainous areas. They usually occur after prolonged rainfall events or in the spring months when the soil was saturated with water and after snowfall. It is difficult to predict the timing and speed of these soil flows. Landslides can cause great damage to settlements and infrastructure. For this reason, monitoring of such landslides is crucial in order to ensure appropriate conservation and mitigation measures. It is of great importance to monitor changes in the surface and topography, and to observe the changes that occur. Monitoring and analysis of active landslides involves both spatial and temporal measurements and requires continual assessment of landslide conditions, including changes in surface topography, as well as the extent and speed of relocations. Different technologies such as GNSS, robotic total station, photogrammetry, Remote Sensing, Light Detection and Ranging (LiDAR), Terrestrial Laser Scanners (TLS) and geophysics can be applied to detect changes on surfaces, topography and subsurface. However, GNSS and robotic total station surveys are time-consuming and have sparse spatial coverage, which results in the omission of fine-scale terrain structure in the resulting. Line of sight problems may occur in TLS technology. LiDAR is a cost-prohibitive technology for landslide studies. Most of all, none of these methods are suitable for real-time or near-real-time landslide monitoring (Niethammer et al. 2010)
Geodetic measurements are used to determine the exact speed of movement at certain points in landslide area (Gili et al. 2000; Squarzoni et al. 2005). Geoelectric technique is applied to get an idea of underground soil composition by measuring soil saturation, porosity, or electrical conductivity of the pore fluid (Chambers et al. 2011; Bichler et al. 2004; Naudet et al. 2008; Lindner et all. 2016). Remote Sensing, Interferometric Synthetic Aperture Radar (InSAR) and Light Detection and Ranging (LiDAR) techniques have been applied to investigate and monitor the flowing behavior of landslide and mapping (Riedel and Walther 2008) (Mazzanti et al. 2014) (Jaboyedoff et al. 2010; Jones 2006) Lindner et all. 2016). For the first time Batut (1890) took the first unmanned aerial photographs by using kites. Early in the 1900s, pigeons, rockets and balloons were used as UAVs for Remote Sensing (Newhall 1969). Przybilla and Wester-Ebbinghaus (1979) for the first time used fixed-wing aircraft as UAVs. (Wester-Ebbinghaus, 1980). 
There are only a few studies in the literature regarding with the use of UAVs for monitoring of landslides. Rau et al. (2011) in Taiwan, Niethammer et al. (2012) and Stumpf et al. (2013) in France and Lindner et al. (2013) used a quadrotor system and a fixed-wing system for monitoring a large landslides. 

Material and methods 

Unmanned Aerial Vehicle (UAV) is a very useful system that has begun to be used for solving a wide range of problems (Tahar et al, (2011). In parallel with the developing technology, UAVs have begun to be used in recent years by integrating with Global Positioning System (GPS), Inertial Measurement Units (IMU) and high-resolution cameras. Remote Sensing (RS) is also being used in commercial and scientific research such as digital map production, landslide and disaster monitoring, as well as agricultural land monitoring and planning. Although high resolution positional data can be obtained in 20-50 cm / pixel band with satellite and manned air vehicles, it is possible to obtain 1 cm / pixel high resolution data thanks to fly at lower altitudes with UAV systems (Hunt et al, 2010).
Changing land use affects ecosystem (Yılmaz and Yılmaz, 2016). Various monitoring techniques such as GPS, PS-INSAR, total station and leveling instruments are used to monitor the movements in the landslide area and to carry out planning in agricultural areas (Turk et al, 2015). However, these techniques may not be in the desired availability/suitability in terms of time and cost. As a result of the downsizing of sensors and the developments in sensor technology, the cameras integrated into UAVs, and the structural developments of IMU systems have enabled the creation of precise 3D terrain model, point cloud and orthomosaic production. In addition, UAV photogrammetry is cost-efficient. For this reason, it has become an alternative to aerial photogrammetry (Remondino et al, 2011). Although the above-mentioned methods have the capacity to provide sufficient positional accuracy, they cannot always be preferred because of the disadvantages such as the necessity to obtain data for a longer time and the risk of measuring in the landslide area. In this case, the UAVs allow achieving the results with sufficient sensitivity, pursuant to appropriate camera selection and short-term field measurement. Especially in recent years, close range photogrammetry and image based measurement systems have been widely used in such researches (Tschari et al, 2015). This study is composed of two parts;

a) In order to test the usability of UAV systems in agricultural planning, the flights with UAV (GEO_2 brand) were made in Gaziosmanpaşa University (GOU) Agricultural Application Area (approximately 344 hectares). The obtained data were evaluated by taking into account the physical and geometrical characteristics of sustainable sensitive agriculture.

b) An area of about 50 hectares was selected for the examination of landslide mobility in agricultural areas, with UAV systems; and in that area, the flights were made in 5 different periods by taking into consideration of the active factors such as rainfall, soil structure and so on. The obtained data and the movements in agricultural areas were examined as well.

TEKNOMER_GEO_2 UAV produced by TEKNOMER firm located in Gaziosmanpaşa University Technopark was used in the two conducted studies. In addition, GNSS / IMU integrated into UAV, Sony A6000 camera, and the peripheral units consisting of moving platforms are used as well. In two different field studies, four Geodesic GNSS receivers as well as 25 and 8 Ground Control Points (GCP) were installed in GOU Agricultural Research Area and landslide monitoring area, respectively. GCP points were evaluated by using Leica LGO V.8.3 software with static GNSS observations. As a result of the process, the coordinates of the GCP points in ITRF96 Datum are determined (Sillard, Altamimi and Boucher, 1998).

UAV System and Peripheral Units: UAV systems have been used extensively in agriculture, environment, mining, and disaster monitoring, archeology and land follow-up activities with various purposes. UAV applications generate significant alternative solutions in these areas (Nex and Remondino, 2015). The GEO_2 UAV and peripheral units used in these studies are given in Figure 1. Peripheral units consist of multi-copter carrier bag, conveyor platform, control unit (IMU, GPS, mainboard) and camera systems. GEO_2 UAV and peripheral unit characteristics are given in Table 1.
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Fig.1. GEO_2 UAV and environmental equipment
In both studies, in order to take pictures in RAW format, the Sony A6000 16mm-6000x4000 camera was used for collecting visible imaginary (Figure 2) (Yıldırım et al,2016). During the flight with UAV, one picture was taken in about two seconds on average. For this purpose, the main control card of the UAV is programmed so that it can take regular pictures. Thus, the camera shutter is triggered at desired intervals. A vibration damping device was installed at the connection point between the UAV platform and the camera so that the camera was not affected by the vibration generated during flight.
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Fig.2. Used camera (Sony A6000 camera)
Table 1. GEO_2 UAV and peripheral unit features
	Env. Specification
	Environmental Detail

	Weight with environment
	4.30 kg

	Edge to edge Wing Span
	0.74 m 

	Effective Payload
	4.00 kg 

	Height from bottom to up
	0.34 m 

	Max. Range
	4000 m

	UAV Endurance 
	0.5 hour

	Duty Speed
	14 m/sec

	Maximum flying Speed 
	70 km - 30 mm /sec

	Frequency(Radio Control)
	433 MHz

	First Person Video (FPV) 
	2.4 GHz

	Frequency(Telemetry Radio)
	868 MHz

	GPS
	5 Hz – 72 channels 

	Kind of Battery
	6S li-po 25C 1600 Mah

	Monitor
	40 Channels 5.8 GHz DVR 7 inch LED system 

	Kind of gimbal
	Gimbal for mapping 

	UAV motors
	35 x 15 Brushless Motor 

	Kind of frame
	22 mm 3K Carbon

	Elect. Speed Control(ESC)
	60 Ampere 400 Hz

	Size/kind of Prop
	15 x 55 inch Carbon

	Camera
	Sony A6000

	Camera dimension 
	4.72x2.63x1.778 in

	Camera weight
	12.13 oz

	Magapixels
	12 MP

	Type of camera sensor
	23.5x15.6 mm(APS-C)

	Size of camera sensor
	24.3 MP

	Camera ISO sensitivity
	100-25600

	Zoom(Digital)
	L:4x, R:5.7, S:8

	Speed of shutter
	0.00025 to 30 sec

	Speed of flash sync.
	0.00625 sec.


In this paper, the planning of agricultural areas and the traceability of landslide and soil movements have been examined with UAV systems (Figure 3). However, UAV systems and the assessments of the physical and geometrical data of sustainable sensitive agriculture have also been examined (Yıldırım et al,2016).
a) First study area: The Agricultural Research Area shown in Figure 3 with letter A, located within the campus of Gaziosmanpaşa University and having an approximate coordinates of 40 ° 19'57.65 "K, 36 ° 28'28.64" D was selected. In order to plan the more effective use of this area, a total of 985 (6000x4000 pixel) raw pictures were taken from 100 meters height, with UAV and Sony A6000 digital CMOS camera, having 80% overlap and 60% sidelap rates. The evaluation of the pictures taken was made with Pix4D software11.
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Fig.3. Study areas (A, B)
The orthomosics was created in agricultural areas and directed and scaled in the Turkish National Reference Network (TUREF) (Aktug and Kılıcıoglu, 2005). For this purpose, 25 GCPs have been installed in the area with a proper distribution. The location and altitude information of the GCPs is determined by four Topcon GNSS receivers. 2 hour static observations were calculated depending on the TUSAGA Active system. An orthomosaic and point cloud, related to the agricultural area that is to be planned as a result of three-dimensional (3D) evaluation of the pictures with Pix4D software, was produced (Figure 4).
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Fig.4. GOP planned area (A)
b) Second study area: The landslide area shown in Figure 3 with letter B, located within the southwestern side of Gaziosmanpaşa University campus and having an approximate coordinates of 40°19'21.03"K, 36°30'6.25"D was selected. In order to determine more accurately the land mobility in this area, a total of 290 (6000x4000 pixel in dimensions) raw pictures were taken from 100 meters height, with the same UAV system, having 80% overlap and 60% sidelap  rates. The evaluation of the pictures taken in the landslide area was made with Pix4D software. A total of 5 flights in different periods were carried out, by taking into consideration the elements that triggered the landscape (rain and soil structure). Orthomasic and point cloud of the study area were produced by evaluating the images in each period. By benefiting from these outputs, the character of the landslide motion has been determined. However, in this study, displacement volumes (fill and excavation volumes) between 1st and 5th periods are calculated by cross section method. In order to orient the orthomosaicle formed in the landslide, 8 appropriately distributed GCPs were installed. Figure 5 shows the landslide area.
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Fig.5. Landslides area (B)
Results

Because of the evaluation of the images taken for the planning of the agricultural land, Root Mean Square Error (RMS) and Ground Sampling Distance (GSD) were calculated as ± 0.054 m and ± 3.44 cm, respectively. The positional data results of the generated orthomosaic were determined as TUREF / TM36 in ITRF datum. Thanks to the generated point cloud, 2D and 3D metric information of the study area has become available. Numerical information such as length, area, and slope was obtained from the land model. With the aid of Digital Terrain Model (DSM) and orthomosaic, the agricultural planning has been carried out for optimum utilization with constraints such as study area, direction, slope, view and land use purposes.

The agricultural area in Figure 6 has been rescheduled and the areas of usage have been arranged. Areas suitable for agriculture usage, areas not suitable for agricultural usage, irrigation canals and buildings were re-determined according to the slope and topographical structure of the land and brought into use. The slope and topographic structure of the land has been an important factor in determining the direction of the irrigation line.
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Fig.6.Result of planning

The slope graph between the two end points (A-B) of the agricultural area is produced from the orthomosaic (Figure 7). Here, the slope (as %3), the flow direction of the water, suitability of the land processing and the direction of processing can be produced from this output. It can be used as decision support data by viewing the usage status of the land with the slope graphs to be produced in desired regions. In Figure 8, there is a graph of the area with irregular topographic structure within the agricultural area. This area is reserved for non-business activities, by a decision on that it is not suitable for agricultural activity.
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Fig.7.Basic planning factor (slope)
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Fig.8.Unplanning factor (slope and topography)
Because of evaluation of the pictures taken for the landslide area, RMS and GSD were calculated as ±1.8 cm and ± 3.57 cm, respectively. The amount of soil movement (excavation/fill) in the study area was calculated by applying the cross-section method given in Figure 9 using the numerical data obtained from the point cloud, DSM and orthomosaic produced in the beginning and end periods. Excavation and fill amounts in the area of movement are given in Table 2.
Table 2. Soil motion

	ΔPeriod
	Excavated Volume(-) m3
	Filled Volume(+) m3

	Δ(5-1)
	1330
	480


In addition, pixel comparisons have been made in the DSMs for the determination of surface movements. For this, the following function was defined and the pixel ratios between the periods were examined.

Ϭ=ƒ (H5)/ ƒ (H1)









(1)

In the function; Ϭ: criterion benchmark,  ƒ(H5), Height function in period 5, ƒ(H1), Height function in period 1. According to this function;

If Ϭ>1, then there is an increase in height
If Ϭ<1, then there is a decrease in height
If Ϭ=1, then no change observed. According to the relation given above, pixel comparisons between periods are presented in Figure 10. The points, where the increase in height is observed, are shown in red color, the points where the decrease in height is observed, are shown in yellow color.
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Fig.9. Measuring bases and cross-sections of landslide area
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Fig.10. Pixel matching map
Discussion

Producing terrain data required for agricultural or urban land planning using by terrestrial techniques takes longer time than by UAV photogrammetry, and is a more expensive technique comparatively. The acquisition of the study area with UAV systems is completed in a few hours of work, and at the end of one-day-process operation, the entire area is mapped in cm precision depending on the flight height and the resolution of the camera, and then a 3D terrain model can be obtained. Pix4D software was used to align photos as well as to generate 3D point clouds. Aerial images were taken, and DSMs with an accuracy of ±10 cm were generated within a few hours. Hence, the detection of fissures on the surface was improved seriously. The highly accurate DSMs were used to quantify mass balances of the landslide. In this study, the positional accuracy parameter, GSD, was calculated as ± 3.44 cm. Alternatively, in the case of using satellite images, it is known that providing satellite images is expensive and difficult. Soil analysis results can also be added to the obtained orthomosaic and DSM outputs. Multi-directional land planning with direction, slope, and soil characteristics can be realized by creating the basis of the planning area. In this study, land blocks and parcels were produced by benefiting from the features. In addition, infrastructure network such as roads, irrigation canals, as well as non-agricultural areas (administrative buildings, stockyards etc.) were designed.

UAV images have indisputable contributions to management of disasters such as landslides, avalanches, floods, and earthquakes, and have advantages when compared to other methods. Above all, it is impossible to make terrestrial measurements in the areas where disaster effect continues. Secondly, getting a satellite image or photogrammetric image is difficult and expensive. At the end of 5 periods, the speed and direction of soil movement were determined. These movements have been found to gain momentum after rainy weather events. A total of 5 months has elapsed between the first period and the last period of the measurements. It was determined that 1810 m3 of soil had been displaced and the movement continued in this time period. In addition to obtaining ± 1.8 cm of positional accuracy in landslide study, it was determined that more precise positional accuracy will be achieved by increasing the number of GCPs and decreasing the flight height as well as increasing the camera resolution.
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