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Abstract. Land leveling is the initial step for increasing irrigation efficiencies in surface irri-
gation systems. The objective of this paper was to evaluate potential utilization of an unmanned
aerial system (UAS) equipped with a digital camera to map ground elevations of a grower’s field
and compare them with field measurements. A secondary objective was to use UAS data to
obtain a digital terrain model before and after land leveling. UAS data were used to generate
orthomosaic images and three-dimensional (3-D) point cloud data by applying the structure for
motion algorithm to the images. Ground control points (GCPs) were established around the
study area, and they were surveyed using a survey grade dual-frequency GPS unit for accurate
georeferencing of the geospatial data products. A digital surface model (DSM) was then gen-
erated from the 3-D point cloud data before and after laser leveling to determine the topography
before and after the leveling. The UAS-derived DSM was compared with terrain elevation mea-
surements acquired from land surveying equipment for validation. Although 0.3% error or root
mean square error of 0.11 m was observed between UAS derived and ground measured ground
elevation data, the results indicated that UAS could be an efficient method for determining terrain
elevation with an acceptable accuracy when there are no plants on the ground, and it can be used
to assess the performance of a land leveling project. © The Authors. Published by SPIE under a
Creative Commons Attribution 3.0 Unported License. Distribution or reproduction of this work in
whole or in part requires full attribution of the original publication, including its DOI. [DOI: 10
.1117/1.JRS.12.016001]
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1 Introduction

The need for efficient water management has been intensified by a reduced supply of water due
to drought and urban growth. UAS equipped with advanced remote sensors can serve as a good
tool to help farmers make good agricultural management decisions and implement efficient
water conservation practices. Due to advances in unmanned aerial vehicles (UAV) and remote
sensor technologies, now it is possible to integrate various remote sensors into UAS platforms to
acquire low altitude and ultrafine spatial resolution remote sensing data.1,2 Combined with the
state-of-the-art big data processing and geospatial data analysis, the UAS can offer an innovative
opportunity for the improvement of irrigation efficiencies by providing detailed information on
the current field condition.3

Several remote sensors have been utilized in the past to determine the timing of irrigation
using indexes such as water stress indices, crop water stress index (CWSI), and water deficit
indexes.4–6 For example, scientists have added some variables such as canopy temperature to
establish more general relations between vegetation indexes and crop evapotranspiration.
Canopy temperature has been linked to crop evapotranspiration and soil moisture depletion
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of the soil, using the CWSI.5,7 Most of the remote sensing applications in irrigation engineering
have been oriented toward detecting water stresses so that limited water resource can be more
effectively utilized to maximize yields. However, the first main step for water conservation and
improvement of irrigation efficiencies, especially in surface irrigated systems, is to level the land
properly. Surface irrigation is the most commonly used system in the world. Surface irrigation
can be a very efficient irrigation system if the fields and land are leveled and if the system is
properly designed and managed. Leveling the land allows transporting and distributing water
uniformly over the field as fast as possible with minimal field management. Land leveling pro-
vides the capability to utilize water labor and energy resources more efficiently.8 Land leveling
consists of modifying the land topography, either to have zero slopes or to have a gradient in the
soil to move water faster and efficiently over the field. Although land leveling is an efficient way
of increasing efficiency of the water resource throughout the growing season, it is a rather expen-
sive procedure, and, in some cases, a significant amount of earthwork may be required depend-
ing on the condition of the field. Advanced sensors must be used to determine parts with the
higher terrain, and top soil from the higher terrain must be cut to deposit into the lower terrain.
One of the most critical tasks in land leveling in agricultural fields is to minimize cuts and fills,
and UAS can be used to measure the topography of the terrain continuously. A digital terrain
model (DTM) generated from the UAS data can be used to evaluate if a major land leveling
operation or a simple retouch of the land is needed. The main objective of this study is to assess
the potential use of UAS to assess the elevations of a grower’s field. UAS data were acquired
before and after laser leveling of the land, and they are compared with ground measured terrain
elevation to assess the accuracy of the UAS measured terrain elevation.

2 Material and Methods

This study was conducted in a farmer cooperator field with an area of 7 ha, located in Weslaco,
Texas, at a latitude of 27°46’35”N and a longitude of 97°33’38”W. The field is located in Villa
Verde of Hidalgo County. The land was cleared of brush, crop residue, trash, and vegetative
material that could have reduced the effectiveness of the leveling operation on July 7, 2016.
The land was smoothed to firm the soil, so the terrain elevation survey can be performed accu-
rately on the same day that UAS data were collected. A land survey and mapping of the field was
conducted by setting a uniform grid system of 15.25 by 15.25 m on the field. The survey was
done with a Trimble receiver (model R8 GPS receiver, Trimble, Dayton, Ohio), which was
installed in the middle of the field. Then, a rod and data collector was moved through the points
of the grid to obtain the coordinate and ground heights at each point. The coordinates of a total of
762 points were acquired using the Trimble receiver. The plan method was used to determine the
new field slope.8 The plan method is a simple linear regression fit of field elevations of a two-
dimensional plane. The land surveying method was used to determine the cuts and fills required
to provide the desired slope.

The field was leveled on July 23, 2016, following the conservation practice standard,9 with a
land scraper (model 155TS2, Ashland, Wisconsin) and with a tractor (Massey Ferguson 8690,
Duluth, Georgia). The land leveling process consisted of main cuts in the higher parts of the field
and fills in the lowest parts.

Aerial images were acquired from a DJI Phantom 4 platform, which is manufactured by DJI
(Shenzhen, China), on July 18, 2016, and September 19, 2016. These dates were chosen so that
UAS data can be acquired before and after laser leveling the land. The RGB camera mounted on
the phantom 4 takes 12 megapixels images. The data collected from these flights were processed
using a structure from motion (SfM) algorithm to generate orthomosaic images (Fig. 1) and
DTMs (Fig. 2) in the study area. A total number of 1233 raw images were obtained from
the first flight with 85% forward and side overlap at 20 m altitude, and a total number of
904 raw images were collected from the second flight with 85% forward and side overlap at
20 m altitude. Approximate locations of raw images (longitude, latitude, and altitude) were
recorded by an onboard GPS. However, its accuracy is not high enough for direct georeferenc-
ing. Six ground control points (GCPs) were installed around and in the middle of the study area
for accurate georeferencing, geocorrection, and coregistration of UAS data. Four GCPs were
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located on each corner, and an additional two GCPs were installed between the corner targets.
Considering that the total area is ∼7 ha in size, the six numbers and location of GCP were rea-
sonable and enough to remove bowling effects from UAS data.10 The coordinates of all GCP
were surveyed using an APS-3 RTK GPS, manufactured by Altus Positioning Systems
Incorporated (California). The horizontal and vertical accuracy of the GCP coordinates were
0.3 and 0.7 cm, respectively.

Fig. 1 Orthomosaic images from the study area of the leveled field generated from UAS data
acquired on (a) July 18, 2017 and (b) September 19, 2017.

Fig. 2 DTM of the leveled field generated from UAS data acquired on (a) July 18, 2016 and
(b) September 19, 2016.
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3 Data Analysis

The proposed method is composed of two major steps: (1) DTM generation using SfM and (2)
evaluation of ground height model performance.

In the first step, raw data were processed using the SfM algorithm, and orthomosaic images
and digital surface model (DSM) were generated. Since the data were collected without any
crops in the field, the DSM can also be considered the DTM. The DTM data from each flight
was used in the further analysis. UAS data sets acquired before and after land leveling were
processed using the Pix4D (Pix4D, Lausanne, Switzerland) and Photoscan Pro software
(AgiSoft LLC, St. Petersburg, Russia), respectively. GCPs were used to ensure precise alignment
between flights.11 All GCPs were manually identified in raw images, and their coordinates were
input into the Pix4D and Photoscan software for accurate georeferencing. Different SfM soft-
ware was used to process UAS data due to availability of the software license at the time of data
acquisition. However, previous study12 showed that both SfM software resulted in DSM layer
with insignificant difference.

UAS-derived DTM were validated with the measured ground reference checkpoints to assess
the performance of the UAS terrain elevation measurement capability. Those reference check-
points were identified on the DTM images using ArcGIS 10.4 software (ESRI, Redlands,
California). At each reference checkpoint, its X and Y coordinates were used to extract the cor-
responding point on the image as well as its corresponding Z elevation. This procedure was
carried out using the ArcToolbox Clip Function.

The discrepancy between the measured data and the data obtained with the UAS was esti-
mated with the percent error equation

EQ-TARGET;temp:intralink-;e001;116;465%Error ¼ jZcheckpoint − ZUASj
Zcheckpoint

× 100: (1)

The percent error is an estimator of how inaccurate a measurement is. The widely used aver-
age-error statistic mean square error (MSE) was selected for measuring the DTM accuracy. It is
important to know the minimum number of checkpoints needed to guarantee a reliable assess-
ment of DTM accuracy due to the high variability that can be found in the data. Ley13 suggested
using a high number of checkpoints (around 150) to guarantee an error assessment lower
than 10%.

The paired t-test using PROC TTEST (SAS version 9.4) was used to compare ground sur-
veyed terrain elevation measurements and UAS derived terrain elevation measurements. The
p-value from the t-test and coefficient of determination (R2) were used as goodness of fit estima-
tors. R2 describes the degree of collinearity between estimated and measured data.14 R2 ranges
from 0 to 1, with higher values indicating less error variance. Other statistics used in this study to
assess the model performance were the root mean square error (RMSE)

EQ-TARGET;temp:intralink-;sec3;116;273RMSE ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1

N

Xn
i¼1

ðSi −MiÞ2
s

;

where Si is the i’th terrain elevation value from UAS measurement, Mi is the i’th terrain eleva-
tion value from the ground survey, and n is the number of data pairs. RMSE represents the
discrepancy between observations and predictions. The value of 0 indicates a perfect fit.
The Nash and Sutcliffe model efficiency (NSE) was also used to quantify the model perfor-
mance. It was used to see how well the measured versus estimated data fits. The NSE was calcu-
lated as

EQ-TARGET;temp:intralink-;sec3;116;150NSE ¼ 1 −
P

n
i¼1 ðSi −MiÞ2P
n
i¼1 ðMi −MaÞ2

;

where Ma is the average of the measured values. The NSE ranges from −∞ (poor model) to
1 (perfect model). A value from 0 to 1 for the NSE means that the simulated value is good as the
measured mean, while values less than zero indicate an unacceptable performance. The model
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performance was evaluated using these statistical measures as well as the means and standard
deviations of measured and predicted values. Percent bias (PBIAS) was also used. PBIAS mea-
sures the average tendency of the simulated data to be greater or lower than observed data.
The optimal value of PBIAS is zero. Low magnitude indicates accurate model simulation.
Positive values indicate model underestimation bias, and negative values indicate model over-
estimation bias.

EQ-TARGET;temp:intralink-;sec3;116;663PBIAS ¼
�Pn

i¼1ðMi − SiÞP
n
i¼1 Mi

�
× 100:

4 Results and Discussion

The DTM generated from the UAS data collection before and after the leveling is shown in
Fig. 2. To level the land, excavating a volume of 2691 m3 and filling and compacting a soil
volume of 1794 m3 were required (Table 1). In land shaping, it is essential that the volume
of material excavated be adequate to make the fills. If the cuts equal the fills without borrowing
or wasting material, the earthwork is in balance. Experience has shown that the cuts-fills ratio for
this location is 1.5. The design slope in the north-south direction was −0.15% and 0% in the
west-east direction. The 7 ha of land before leveling [Figs. 1 and 2(a)] were under citrus pro-
duction and divided into two pans using the natural slope. The citrus orchard was taken out of
production and converted into row crop production, and the soil got introduced to the plow and
off-set disk. Figure 2(a) shows where the two pans used to meet and how the land would curve
downward from the south top pan into the bottom north pan. The plowing and disking were
crucial for the row crop farmer to make it into one field again so that the planters/harvesters
could work straight through both pans and not have to stop in the middle to move and continue
planting/harvesting. However, water moved too fast at the center of the field and slower at the
edges producing low irrigation uniformity and some furrows completing irrigation in a shorter
time than others. Several studies have demonstrated the influence of land leveling on irrigation
efficiency and uniformity.15,16

The land laser leveled is shown in Fig. 2(b). These figures showed the strategy to cut/fill the
slope in the middle of the field where the two pans meet and slow down the water when irrigating
crops. These figures also showed that the grade was flat from west to east and it was also more
uniform from south to north with a grade of 0.15 to 100 m length.

A high correlation was observed between measured and estimated data (Fig. 3). A percent
error of 0.3% was found between estimated and measured data. The UAS was able to estimate
the ground heights with an acceptable accuracy. The slope component of the linear regression
was not significantly different from one. Regression statistics showed that the slope was close to
the 1:1 line (p < 0.05). The paired t-test was conducted to demonstrate that estimated data was
not significantly different from measured data (p ¼ 0.65) with 761 deg of freedom. Both

Table 1 Characteristics of the land improvement analysis.

Characteristics Units

Total field area (ha) 7

Cut area (ha) 3.9

Fill area (ha) 3.1

Cut/fill ration 1.5

Maximum slope (%) 0.15

Percent slope in Y direction −0.15−

Percent slope in X direction 0.00
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graphical and statistical methods for the ground height models showed that measured and esti-
mated heights matched satisfactorily with an R2 ¼ 0.93, NSE ¼ 0.90, PBIAS ¼ −0.001%, and
RMSE ¼ 0.11 m. Histogram (Fig. 4) of the ground elevation difference between field measure-
ments and UAS estimates also showed reasonable agreement between measured and estimated
heights.

The knowledge of the DTM of the leveled field has the potential to be used for irrigation
efficiency and uniformity studies. The most important aspects of water advance and distribution
over the surface are its topography and how it is managed. The DTM can be used as a survey tool
to determine the grade of the soil considering the high R2 of 0.93 observed in this study, and it

Fig. 3 Field measured versus UAS estimated ground elevation.

Fig. 4 Histogram of the elevation difference between field measurements and UAS derived
ground elevation.
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could be utilized as an option for surveying the field previous to conducting an evaluation of
the performance of the irrigation system.

5 Conclusions

The UAS was used to determine the topography before and after leveling the land. The ground
elevation derived from UAS was compared with measured soil heights obtained with land sur-
veying equipment. The 0.3% error and an observed value of R2 ¼ 0.93 between estimated and
measured data indicate that UAS will be an efficient method to estimate ground heights with an
acceptable accuracy and it can be used to assess the performance of a land leveling project or the
need for a leveling retouch.
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