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Abstract: Investigating and monitoring the area of cultivated land reclaimed from rural set-
tlements is important to optimize rural land use and understand spatial patterns. Measuring
cultivated land area is costly and inefficient, however, as this land use type is often widely
dispersed and scattered. A new method is therefore explored in this study that utilizes a
Phantom2 Vision + (P2V), one kind of Dajiang (DJI) unmanned aerial vehicle (UAV). The
method proposed here includes generating rural settlement images using a P2V UAV, sub-
sequently correcting them using a camera lens model, matching them with geo-coded high
resolution alternatives, mosaicking them, measuring the area of cultivated land reclaimed
from rural settlements, evaluating measurement accuracy, and analyzing overall efficiency.
The results of this study show that use of a P2V UAV is reasonable in price, less than 8000
yuan (RMB), and that this method is able to measure cultivated land area reclaimed from rural
settlements with 99% accuracy. This method is therefore low cost, highly efficient, and low
risk, as well as being easy to learn and use. This UAV-based approach is also likely to be
easily popularized and be particularly useful both for application across plains and flats as
well as over mountains and hills. The method proposed in this study is also likely to prove
beneficial for monitoring and managing rural land use and future consolidation.
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1 Introduction

Land is an important resource for both economic growth and social development. This
means that both the quantity and quality of cultivated land are important factors for ensuring
food safety within China. Rural settlements are defined as residential areas within rural en-
vironments; areas where people have settled down and developed a close relationship with
agriculture, both geographically and functionally (Li and Chen, 1994; Zhao et al., 2006). In
tandem with rapid industrialization and urbanization, the area of urban construction land has
also been rapidly increasing within P.R. of China as towns and cities have expanded. Large
numbers of farmers have been attracted to find work within cities and towns for financial
reasons, often leaving family members including parents and children behind in their home
towns. These workers may only return to participate in festivals with their families, and
some of them even leave their houses in their hometowns empty. As part of the Fifth Plenary
Session of the 16th Central Committee (2002), the Communist Party of China (CPC) pro-
posed that such countryside regions should be strongly developed in order to enhance pro-
duction, enrich life, civilize the countryside, clean and tidy villages, and democratize man-
agement. Rural residential land consolidation is therefore one of the most important compo-
nents of new countryside construction (Liu et al., 2010). A rural revitalization strategy was
therefore proposed at the 19th CPC National Congress (2017) with the aim of realizing
modern agriculture and countryside management by 2035. Similarly, it is aimed that fully
revitalized countryside encompassing prosperous agriculture, beautiful villages, and a rich
life for farmers will be realized by 2050 (Liu, 2018). Planning for major functional zones
was issued on June 8th, 2011. On the basis of resource carrying capacities, the environment,
current development intensity and future potential as well as projected population distribu-
tion, economic arrangements, national land use and urbanization patterns, land space within
China was divided into a series of optimized, prioritized, restricted, and prohibited devel-
opment zones (Fan, 2015). It is intended that national space development patterns in concert
with population, economy, resources, and environmental harmonization will be gradually
achieved by implementing major functional planning zones across China as well as by iden-
tifying major functional positions and development directions, controlling the intensity of
development, normalizing its order, and perfecting policy. It is therefore of great importance
to optimize land use patterns and efficiency nationally.

Industrial enterprises have been centralized within China since the 1990s in order to pro-
mote urbanization, industrialization, and agricultural modernization. These facilities have
therefore been sited within industrial gardens and farmers have become centralized within
cities, towns, and large settlements all over the country. An urban and rural construction
land increase-decrease hook policy was created as a result and has subsequently been im-
plemented (Zhao and Zhang, 2015). A large proportion of rural construction land has been
reorganized and reclaimed as a result of this policy; it is intended that lands of similar area
will be used for urban construction so that the overall proportions of urban and rural con-
struction land will remain unchanged, as will the quantity and quality of cultivated land.
This also means that the eventual distribution pattern of urban and rural construction land
will become more rational. This is important because rural settlements are broadly distrib-
uted across China, a function of plain cultivation diameter and controlled by both topogra-
phy and landforms on mountains and hills. Chinese rural settlements also vary greatly in size
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and constituents; those on plains tend to be composed of buildings, courtyards, and green
land (Liu et al., 2018) and are generally larger than their counterparts on mountains or hills
(Tan et al., 2015). A series of projects that aim to transform rural construction land into cul-
tivated land are currently being carried out in Chinese rural areas under the auspices of the
urban and rural construction land increase-decrease hook policy. Buildings within rural set-
tlements have therefore been dismantled and have been reclaimed and converted to cultiva-
tion along with subsidiary lands. The area of cultivated land reclaimed from settlements in
this context needs to be measured accurately and objectively, as this is important for both
land owners and the government; rural settlement projects are distributed both broadly and
sparsely within China. Measuring area is one important task within the scope of this project,
but requires significant labor and cost when based on technologies such as field surveys.
These results are also easily influenced by man-made factors and so injustice and corruption
are also possible as a result. A new method aiming at measuring an area cheaply and objec-
tively that leads to a fair outcome is therefore needed to meet current demands.

Satellite remote sensing (RS) images have been widely used to study land use changes in
recent years. National changes within China between 2010 and 2015 were acquired using a
digital interpretation method from RS images, including those collected by Landsat 8 OLI
and GF-2 (Ning et al., 2018). Results based on these images suggest that the area of built-up
land across China increased by 24,600 km? over this time period while cropland decreased
by 4900 km® and woodland and grassland decreased by 16,400 km®. Unmanned Aerial Ve-
hicle (UAV) technology has also developed rapidly in recent years and has been widely ap-
plied in land use planning (Zhang et al., 2012), for reorganizing land use (Luo ef al., 2013;
Ren, 2014), identifying rural land usage rights (Wang et al., 2014), detecting mountain dis-
asters (Zhao et al., 2014), monitoring land reforms (Ji and Liu, 2014), surveying and evalu-
ating mountain floods (Liu et al., 2014), and mapping land surface elevation changes
(Lizarazo et al., 2016). Images obtained by UAVs also have a high level of resolution, be-
tween 5 cm and 40 cm, and so maps between 1:500 and 1:5000 can be generated. Generally,
however, the price to utilize a high-quality UAV for RS exceeds several hundred thousand
yuan (RMB) (Liu and Qi, 2014). In terms of types, UAVs are divided into large professional
and small consumer models; the former are characteristically vulnerable to weather condi-
tions and require professional manipulation and access to airspace (Zhang et al., 2018),
while small consumer UAVs tend to be cheaper. Small consumer UAVs, especially the
PHANTOM 2 VISION+ (P2V), one Dajiang (DJI) model, have already been used to moni-
tor land consolidation and measure areas of cultivated land reclaimed from rural construc-
tion. This approach has potential because the price of a P2V UAV is less than 8000 yuan; it
remains unclear, however, whether this model can be used to accurately and effectively
measure the area of cultivated land reclaimed from rural construction. As discussed, images
obtained by large professional UAVs are high resolution but generate huge data volumes
which necessitate the use of expensive aerial photogrammetric software such as pixel grid
and Modern Aerial Photogrammetry-Automatic Triangulation (MAP-AT) to realize precise
Position and Orientation System (POS) data for producing ortho-images (Wang et al., 2014).
Obtaining POS data from high resolution images also requires the use of high precision GPS.
The use of a P2V UAV without high precision GPS cannot generate high precision POS data;
this means that a method to produce ortho-images from P2V UAV images and how culti-
vated land area can be measured requires further investigation.
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2 Study area and data

The study area assessed here is located in Qinliu Town within Xindu District, Chengdu City,
Sichuan Province of China. This region is located inland in the southwest of the country, in
the upstream part of the Yangtze River; Sichuan Province is a large and important constitu-
ent of the Chinese economy and is also notable for culture, industry, agriculture, science and
technology, education, and tourism. This province encompasses about 486,000 km®. The city
of Chengdu is a center for science and technology, trade, business, and finance distinct from
the provincial capital of Sichuan, and is also a hub for transportation and communication in
the southwest of China. Encompassing an area of approximately 14,600 km?, the city of
Chengdu is located in the west of the Sichuan Basin and in the hinterland of the Chengdu
Plain and so experiences a subtropical monsoonal moist climate. Chengdu has always en-
joyed the reputation of Land of Abundance. This region is therefore an experimental district
for comprehensive complementary urban and rural coordination reform. Xindu District is
located within the north of Chengdu and encompasses an area of approximately 497 km®;
within this area, Qinliu Town is positioned within the northwest of Xindu District. The area
of this town is approximately 33 km?; Qinliu Town is located 30 km and 35 km from Xindu
and Chengdu built-up areas, respectively. This region was chosen as the study area for this
project because it comprises a typical agricultural town on the Chengdu Plain, a zone where
the hook project has been in place for several years. Large numbers of farmers have demol-
ished old buildings and built new houses within a substantial new settlement in this area. It
is the case that older buildings tended to occupy more land area than their newer counter-
parts and so areas used for the former have often reclaimed and converted into cultivated
land. The area of rural construction land has therefore decreased over time in this region
while the area of cultivated land has increased. This means that the rural construction land
index derived from rural construction land consolidation can be used as an urban construc-
tion land index. It is also the case that farmers can earn a certain amount of money based on
their rural construction land index savings; a balance between cultivated and construction
land has therefore been maintained across urban and rural areas. It is necessary to accurately
measure the area occupied by older buildings that has then been reclaimed and converted to
cultivated land. Thus, land use data or a map as well as a land use planning map and
geo-coded RS images in prophase which document older buildings can also be captured and
then used to determine which have been demolished and whether land has been converted
for cultivation via comparisons with anaphase images. Geo-coded images at high resolution
(0.6 m) obtained before reclamation were used for reference in this analysis.
A P2V UAV was used in this analysis to col- -
lect images (Figure 1). This model, the P2V, is & , @ -
produced by SZ DJI TECHNOLOGY CO.LTD [ "; LN S
and provides the capability to capture full High — a1l
Definition (HD) video and pictures. A P2V E
UAV is a quad-copter that includes multi-rotor ;ﬁ
flight control technology, an intelligent .
GPS-based autopilot system, an integrated 14 -
megapixel HD camera, and an iOS app for full Figure1 The P2V UAV used in this study
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camera control. The system is also fully remote controlled; the P2V UAV returns to its
take-off position and lands if it loses remote control signal. This system is stable, easy to fly,
and boasts agile performance; features of the iOS App include low latency video monitoring
downlink, full remote camera control, and wireless synchronization. P2V technology pa-
rameters are summarized in Table 1.

Table 1 P2V technology parameters

Parameters Values
UAV length 350 mm
Wing span 420 mm
Take-off and landing mode Vertical
Maximum take-off weight 1,400 g
Maximum flight speed 15 m/s
Maximum ascending speed/descending speed Ascending: 6 m/s; descending: 2 m/s
Maximum duration of flight 25 minutes
Power source Electricity
Material Plastics
Working environmental temperature Between zero and 40°C
Outdoor communication distance Between 500 m and 700 m
Controllable rotation range of the cloud platform Between -90° and 0°
Precise angle control of the cloud platform +0.03°

3 Method

A six-stage P2V UAV-based method is proposed here for measuring the area of cultivated
land reclaimed from rural settlements (Figure 2):

e Images are collected by the P2V UAV;

e Images are lens corrected;

e Images are geometrically corrected,;

e Images are geo-coded and mosaicked;

o The plot area of cultivated land reclaimed from rural settlements is measured, and;

e Overall accuracy is assessed.

Obtaining images by P2V UAV Len correction of the P2V UAV images
A4
Geo-coded image in anaphase » Geometric correction of the P2V UAV images
Measuring the plot area of the cultivated land Mosaicking P2V UAV
reclaimed from rural settlements geo-coded images

v
Accuracy assessment

Figure 2 Schematic method for measuring plot area using P2V UAV images
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3.1 P2V UAV images

A series of P2V UAYV images were obtained in 2015 around Qinliu Town in Xindu District.
The flight battery, range extender, and remote controller were initially fully charged and
propellers were screwed onto the four motors. The circular power button was then pressed
once, then again and held for two seconds to power the flight battery and the range ex-
tender/linking camera was also powered up. Normal operation was denoted by the system
indicator blinking green. The mobile device was then connected to the P2V UAV via a
Wi-Fi network, and the camera icon was tapped in the DJI VISION App to enable a live
view. The P2V system was then placed on flat ground in an open space with its rear LED
flight indicators facing the operator, and the motors were started by pulling both control
sticks down to the bottom corners and then releasing them once started. The left stick was
slowly pushed up to allow the P2V system to take off; when an altitude of 150 m was
reached, the DJI VISION App was used to control the UAV and to vertically capture a
ground image. The right stick was slowly pushed forward to <«—

move the system in the same direction and another image was | N
captured. Once images of the right area were completed, the
right stick was slowly pushed to the left to move the P2V in this
direction and to capture images of this region. Once all images
had been captured, the P2V UAV was moved to an overhead O
position and the left stick was pulled down to lower the system
until it touched the ground. Subsequent to landing, both sticks
were pulled to the bottom corners to stop the motors, and the
flight battery, remote controller, and range extender were all O Start/End point

>
>

\ 4

<
<

\ 4

powered down. The fly line used in this analysis is shown in Figure3 The fly line
Figure 3.

3.2 TImage lens correction

A fish eye camera was mounted on the P2V UAV system in order to capture wide field im-
ages, so-called fish eye images. A deformation is present in each fish eye image, however,
and so resolution declines from the center to the edge. In contrast, away from the center of
each fish eye image, deformation increases. This means that each fish eye image resembles a
spherical surface which must be corrected before it can be used. The fish lens correction
function in the software Adobe Photoshop CS6 extender was therefore used to geometrically
correct all selected images by using the parameters such DJI as the fish eye camera producer,
P2V FC2000 as the camera type, and P2V FC2000 as the lens type. These corrected images
were then used for further study.

3.3 Image geometric correction

Geo-coded images documenting old buildings with a resolution of 0.6 m were used here for
reference. It was found that old buildings were demolished, their land was reclaimed and
converted into cultivation land with wheat and rape on by comparing the geo-coded images
with P2V UAYV images. Indeed, a number of obvious ground features including roads, rivers,
and buildings could be located on both geo-coded and P2V UAYV images; these comparisons
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enabled use of a polynomial geometric model to correct P2V UAV images to obtain subse-
quent ortho-images as the image area is flat. A number of ground control markers were then
identified for analysis including cross and turn points and obvious points of roads, rivers,
and settlements; these were selected and distributed uniformly on both geo-coded images
and P2V UAV images following fish lens correction. The polynomial geometric correction
model shown in Equation (1) was then used to correct each P2V UAV image. A nearest
neighbor sampling was used to get a new value for each P2V UAYV image, as follows:

2 2
X= ZZ a; x'y’
i=0 j=0
220 (D
Y= ZZbijx’ ¥/
i=0 j=0
where X and Y denote the coordinate values of pixels on the X and Y axes of the reference

image, respectively, while x and y denote coordinate values of pixels on the X and Y axes of
the P2V UAV image.

A selection of RS image processing software packages (e.g., ERDAS, ENVI, or PCI)
could then be used to complete the task. Thus, P2V UAV geo-coded images were obtained
by geometrically correcting all images subsequent to fish lens correction using the polyno-
mial geometric model in Equation (1), numerous ground control point pairs, and the nearest
sampling method.

3.4 Mosaicking geo-coded images

A range of RS image processing software packages (e.g., PCI, ERDAS, or ENVI) were used
to mosaic neighboring P2V UAV geo-coded images as there was a lot of overlay between
adjacent ones. A geo-coded image was initially selected for this step and then an output
mosaic file of suitable extent was created. A mosaic area was then identified within the P2V
UAYV geo-coded image and another was mosaicked onto the output file. Finally, another ad-
jacent P2V UAV geo-coded image was then selected, its mosaic area identified, and added
to the output file. All adjacent P2V UAV geo-coded images were mosaicked onto the output
image file, and a large image extent was generated for further study. The border between
two adjacent mosaic P2V UAV geo-coded images was located in the region with obvious
features and without deformation when a mosaic area was selected in an image and the out-
side was avoided in each case for use as a mosaic area.

3.5 Measuring cultivated land area reclaimed from rural settlements

A reference image and its mosaic P2V UAV counterpart were simultaneously displayed us-
ing the software ARCGIS. Settlements were identified on the reference image in each case
and then corresponding locations on the mosaic P2V UAV image were identified by over-
laying the mosaic captured with the drone versus the reference. This enabled the determina-
tion of demolished buildings by comparing reference image with each mosaic counterpart.
Similarly, demolished building plots and subsidiary land such as green land and courtyard
that had been reclaimed and converted to cultivated land were visually interpreted and
manually digitalized by comparing settlements on the reference image with those on the
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mosaic. On this basis, a geographic data base of plots where buildings and their subsidiaries
had been reclaimed and changed into cultivated land was created, again using the software
the ARCGIS, and the area of each plot was then calculated.

3.6 Accuracy

In order to assess the accuracy of the method proposed in this study, five plots with obvious
boundaries on both the mosaic P2V UAV image and the reference were visually interpreted
and manually digitalized using the software ARCGIS. Areas in each case were respectively
calculated with the one derived from the reference image assumed to be true. Accuracies in
area estimation were assessed using Equations (2) and (3), as follows:

Error = 100 x (MJUA\/— MJREF)/MJREF % (2)
Accuracy = 100% — | Error | 3)

where MJyay was calculated based on the mosaic P2V UAV image while MJgrgr was calcu-
lated based on the reference.

4 Results
4.1 Mosaic P2V UAYV images

The results assembled here show that more than 40 images can be captured during one flight,
encompassing an area of approximately 0.6 km®. It is possible for a P2V UAV system to
remain in-flight for at most 25 minutes once the battery is fully recharged. The flying di-
ameter of this system is also about 500 m because the functional distance of the range ex-
tender and remote controller encompasses this range. The on-board camera within this sys-
tem is a fish eye incorporating a lens with a 180° field-of-view that can capture a large
ground image. The size of one image taken by this camera is 4384 pixels x 3288 lines (Fig-
ure 4). A series of fish eye images were selected for further study on the basis of their qual-
ity and location; the fore-and-aft overlap between these was between 30% and 50%, while
side overlap was between 15% and 50%.

Geometric deformation of fish eye images was removed using the extender option in the
software Adobe Photoshop CS6. These corrected images resemble normal ones from an or-
dinary camera, without deformation (Figure 5). The fringe of each fish eye image was
clipped away.

Ortho-images with a resolution of 10 cm were obtained using a polynomial geometric
correction model, the nearest neighbor sampling method, and a geo-coded image with a 0.6
m resolution for reference. The geometric correction error was less than two pixels in each
case while the number of P2V UAV geo-coded images covering one settlement increases
along with settlement size under definite resolution. The resolution of each P2V UAV image
also depends on flight height.

Mosaic P2V UAV images were obtained using standard image software packages (e.g.,
PCI, ENVI, and ERDAS). Mosaic error in these cases was no more than 0.6 cm when a
geo-image with a 0.6 cm resolution was used for reference. This mosaic error was reduced
as the resolution of the reference image increases. A mosaic P2V UAV image is shown as
Figure 6; these images encompass areas greater than 0.5 km”, including areas of consoli-
dated land. Each mosaic P2V UAV image was then further inspected with emphasis on the
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Figure 4 One image captured by the P2V UAV system

Figure 5 Example of a lens corrected DJI UAV image

Figure 6 A mosaic series of UAV images
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edge between the two adjacent geo-coded examples. Results show that mosaic edges be-
tween two adjacent P2V UAV geo-coded images are matched well, especially matching line
features in mosaic UAV cases. Inspecting and measuring distances shows that the line fea-
ture edge matching error was less than one pixel here; examples also show that ground fea-
tures within mosaic P2V UAV images match well with those in reference images when mo-
saics were overlain onto reference images. Mosaic error depends on geometric correction
error which, in turn, depends on reference image resolution.

4.2 Cultivated land reclaimed from rural settlements

Land consolidation results and rural settlement changes can be determined by comparing
mosaic P2V UAV images in anaphase with reference images in prophase. Thus, plots where
old buildings had been demolished and land was reclaimed and converted for cultivation
were accurately delineated from mosaic P2V UAYV images at a 10 cm resolution via com-
parisons with reference images (Figures 7-9). The area of each plot was then calculated us-
ing the software ARCGIS (Table 2).

One of the images assembled in this study (Figure 7) clearly shows that rape had already
been planted on some reclaimed cultivated land but that this crop did not grow as well as on
originally cultivated land because of lower soil fertility. Original cultivated land quality is
better than reclaimed cultivated land across the study area; this implies that the quality of
cultivated land reclaimed from settlements requires improvement within this region. Data
also show that plots are sparsely distributed and tend to be small in size across the field area,
generally between 500 m” and 5000 m”.

6 0 6 12m
I I

Figure 7 Cultivated land plot 1 following reclamation
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6 0 6 12m
S ——

Figure 9 Cultivated land plot 3 and plot 4 following reclamation

Table 2 Areas of cultivated land plots following reclamation (m?)

Plot number No.1 No.2 No.3 No.4
Area 1,281.37 4,184.35 709.31 573.12
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4.3 Accuracy and efficiency
As discussed, area error was calculated using Equations (2) and (3) (Table 3).

Table 3 Mosaic P2V UAV image plot errors (m?)

Plot No. Reference image Mosaic P2V UAV image Difference Error (%) Accuracy (%)
Plot 5 1,638.84 1,645.25 6.41 0.391 99.609
Plot 4 1,378.08 1,375.24 -2.84 -0.206 99.794
Plot 1 1,250.38 1,242.64 -1.74 -0.619 99.381
Plot 2 1,138.4 1,148.75 10.35 0.901 99.099
Plot 3 758.95 759.9 0.95 0.125 99.875
Total 6,164.65 6,171.78 7.13 0.116 99.884

The data presented in Table 3 show that the largest difference seen within plot 2 was
about 10.35 m” while the smallest difference seen within plot 3 was 0.95 m®. At the same
time (Table 3), the largest error seen within plot 2 was 0.901% and the smallest was 0.125%.
Plot area errors were never greater than 1% throughout this analysis; in other words, the ac-
curacy achieved by the P2V UAV approach was always greater than 99%. Total accuracy
also improved as plot area increased (Table 3).

Experience shows that 40 settlement images in the Chengdu Plain could be captured in
one day. Two days were then needed for one person to process these data and obtain results
such a map, table, and report. A total of four person working days were therefore required to
complete the plot area measurement task and to determine the area of cultivated land re-
claimed from 40 settlements.

5 Discussion and conclusions
5.1 Discussion

The outcomes of this study show that a P2V UAV can easily take-off on an area of open
ground around 9 m” when no obstacles such as trees or buildings are present. This system
can also fly below clouds as the height necessary to capture useable images is generally no
more than 200 m above ground. A P2V UAV system cannot fly during weather when the
wind velocity is above grade four or when snow, rain, or heavy fog are seen. This system
also cannot be used to capture images at night. We have been able to show that it is easy to
learn P2V UAV operation to capture images; the approach proposed here does not require
expensive hardware and software in contrast to currently utilized methods that deploy pro-
fessional UAVs. Indeed, as the cost of a P2V UAV is no more than 8000 yuan, this system
will be affordable for many researchers and institutes. The method proposed here requires
just a common microcomputer and widely available software such as Adobe Photoshop CS6
extender as well as image processing approaches that are easy to learn and use. A high reso-
lution geo-coded image or digital map obtained before land consolidation is important for
reference and ground control points must be easily identifiable in order to save time meas-
uring them on the ground. The method proposed here generates a mosaic P2V UAV or-
tho-image at 10 cm resolution covering a ground area of around 0.6 km®. Resultant images
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clearly document crops, trees, bamboo, streams, roads, buildings, field ridges, and court-
yards. The boundaries between cultivated land and settlements can be easily visually and
accurately interpreted and delineated, and data show that resolution increases as flight height
decreases. The maximum safe flying height of a P2V UAYV is no more than 200 m, although
optimal height is between 100 m and 200 m above ground. An image with a resolution of
about 10 cm can be obtained when a P2V UAV flies about 200 m above ground; this image
will cover an area of about 140,000 m?, larger than a small settlement. An optimal image
area is about 70,000 mz, however, encompassing about 50% in total.

The resolution of one UAV image is generally higher than aerial photographs and satellite
images. It is also the case that UAV-based RS tends to be more flexible than aerial photog-
raphy and, again, more adaptable than satellite-based RS approaches. Similarly, the costs of
P2V UAV RS are lower than both aerial photography and satellite approaches; the method
proposed here also enables numerous sparse regions separated by several square kilometers
to be surveyed at high resolution.

Rural settlements across our field area were surveyed in this study. The approach we
propose enabled plots of cultivated land reclaimed from rural settlements to be accurately
identified and delineated; we were also able to measure the area of these plots using a P2V
UAYV approach. This new approach has a number of advantages compared to conventional
field survey methods, including lower cost and higher efficiency and precision of GIS data
results alongside more objective high resolution images. The plot size assessed here ranged
between 573.12 m” and 1281.37 m%, no more than the area encompassed by one P2V UAV
image. This meant that we were able to only utilize settlement regions in mosaic images, so
that the efficiency was enhanced. The number of images used depended on the size of set-
tlements; a single P2V UAYV image is sufficient in small cases, saving a great deal of time.
The method proposed here is especially suitable for obtaining images of sparsely distributed
small settlements or plots.

Determining plot area is very important for land owners and the government. In such
cases, a land owner will be encouraged to build a new house in a large nearby settlement.
The land area of this new building will be calculated and cost will be granted by the gov-
ernment according to family size. A land owner might also be eligible for other allowances
depending on the difference between old house land area and that of a new property. This
system also means that an owner maintains any newly cultivated land. The area of rural
construction land therefore decreases while the area of land under cultivation increases. An
index of decreased rural construction land can be used to compensate for increased urban
construction. Some families in groups living within settlements are able to keep their houses
unchanged while others must demolish and create new building within a larger nearby ag-
glomeration. This can result in the appearance of new settlements while original residential
areas decrease in size. The farmers who live in new settlements must also return to cultivate
original farmland which can result in increases in transportation costs and time.

It is also important to note that there are a number of limitations to the method proposed
in this study. It is difficult to rapidly and automatically produce large mosaic images that
encompass large areas using this method when compared to professional UAVs because of
lower flying heights, shorter flight times (25 minutes), and a cheaper camera and software.
Although satellite RS approaches can be used to generate images encompassing larger re-
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gions, these are also easily impacted by clouds and have resolutions no more than 35 cm. It
is also difficult to produce digital terrain models using this approach (compared to profes-
sional UAVs) because P2V systems do not encapsulate a high precision GPS and no POS
data are output because of less accurate internal and external image elements. The method
proposed here can therefore only be used efficiently on plains, plateaus, and mountain flats
or hills; this range of area applications is of considerable value, especially if high precision
geo-images or thematic maps can be obtained and then used as reference images. This ap-
proach could also be used to monitor and measure land consolidation as well as for mapping
land use and settlements, and investigating and monitoring crops in detail. A P2V system
would provide important supplementary data when used in tandem with professional UAV
RS, especially on plains, plateaus, and flats on top of mountains or hills.

Additional research in this field will emphasize the development of an automatic geomet-
ric correction model and an automatic interpretation model so that the efficiency can be im-
proved. A more exact GPS system should also be mounted on UAVs so that more precise
internal and external image elements can be obtained alongside a digital elevation model and
ortho-images that can be built from pairs of images captured on hills and mountains. This
technology is also unsuitable for obtaining images across large ground areas because a sin-
gle picture encapsulates just 144,146 m’® and a UAV battery lasts just 25 minutes when fully
recharged. It will therefore be necessary to also develop a new battery that lasts for a longer
time. Insurance policies for P2V UAVs should also be issued and bought by researchers to
reduce any losses caused by misplaced devices or damage to people and belongings.

5.2 Conclusions

A novel approach using a P2V UAV system is proposed in this study to measure the area of
cultivated land reclaimed from rural settlements. Geo-coded images at 0.6 m resolution are
used for reference; this approach boasts an area measurement accuracy higher than 99% and
meets national land management requirements.

A P2V UAV system costing no more than 8000 yuan can be used to obtain land consoli-
dation images within a given region. This approach has a number of clear advantages, in-
cluding lower costs, risks, and ground take-off and air condition requirements as well as a
higher level of efficiency. This system can also be easily learned; fish eye lens correction
using the extender in Adobe Photoshop CS6 can be applied to remove geometric image de-
formations, and ortho-images with a resolution of 10 cm can be obtained using a polynomial
geometric correction model, nearest neighbor sampling, and a geo-coded reference image. A
P2V UAYV mosaic image at 10 cm resolution can be obtained by using standard imaging
software (e.g., PCI, ENVI, and ERDAS).

The results of this analysis show that land consolidation data and rural settlement changes
can be easily evaluated by comparing anaphase UAV mosaic images with their prophase
reference counterparts. The area of cultivated land reclaimed from rural settlements can thus
be measured accurately by comparing P2V UAV mosaic images in anaphase with reference
pictures in prophase using the software ARCGIS.

The plot sizes measured in this study were all between 573.12 m* and 1,281.37 m?, no
more than the area encompassed by one P2V UAV image. Data also show that the number
of settlements does not decrease while original ones have become smaller over time because
of land consolidation. A policy that is beneficial to the centralization of residences and the
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modernization of agriculture should therefore be implemented.

The method proposed in this study can be easily popularized and has a high potential ap-
plication value for use on plains, plateaus, and the flats on top of mountains and hills. This
approach will also prove beneficial for monitoring, managing, and controlling land use
changes between settlements as well as assessing cultivated land in rural areas as settlements
tend to be sparsely distributed within these regions.
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