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Abstract In order to facilitate environmental restoration and reconstruction following
natural disasters, accumulation of detailed topography and land use information before the
disaster is essential. Recently, the Geospatial Information Authority of Japan announced a
survey manual using Unmanned Aerial Vehicles (UAV). The UAV-Structure from Motion
(SfM) system has accumulated a great deal of accuracy verification information from the
topographic survey, and it is expected that in the future UAV surveying and mapping will
be expanded in scope. However, many research cases were performed in flat areas, and
UAV surveying and mapping in hilly and mountainous areas are few. With the progress of
depopulation and ageing, there is concern that regional disaster prevention capabilities will
decline because of the devastation of agricultural land and the disappearance of
communities in hilly and mountainous areas. It is necessary to clarify the method for UAV
surveying and mapping with high accuracy even in the complex geographical conditions of
hilly and mountainous areas. In the present paper, we attempted to create a Digital
Elevation Model with UAV in the terrace paddy field of Shizuoka prefecture, Japan. We
investigated the influence of flight conditions and the number and location pattern of
Ground Control Positions (GCPs) on surveying accuracy by UAV. UAV surveying results
are compared with the accuracy of the digital topographic map with scale in Japan specified
by the public survey work regulations. We also surveyed the GCPs by RTK-GPS at 15
locations in the terrace paddy field. Comparing the results of UAV surveying without GCPs
and RTK-GCP, the standard deviation in the horizontal direction and elevation was 2.44 m
± 1.59 m (SD) and 39.36 m ± 45.30 m (SD), respectively, and corresponds to the digital
topographic map with scale in Japan 1:1,000 and 1:5,000, respectively. From these results,
it is verified that correction by GCPs is necessary for UAV-SfM surveying in order to
ensure high accuracy.
Keywords UAV-SfM, topographic survey, terrace paddy, resilience

INTRODUCTION
In recent years, natural disasters have increased in both number and degree of severity. The Great
East Japan Earthquake that occurred on 11 March 2011, revealed that modern nations have serious
and systematic vulnerabilities to natural disasters and that their responses to such disasters are
concerned largely with infrastructure improvements, such as the reinforcement of levees and
improving the resistance of buildings to earthquakes. However, successfully overcoming modern
vulnerability to natural disasters will demand contributions from software and other research fields.
Ⓒ ISERD
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There is an urgent need to promptly deal with immediate damage in order to restore ‘resilience’—
even when normal operations are not drastically impaired, or in cases where some damage is
unavoidable. A prompt response under all conditions strengthens our ability to reduce potential
damage when disasters are most extreme (The World Bank, 2012; United Nations, 2013; AitsiSelmi et al., 2016). A multi-dimensional construct, ‘resilience’ is defined as the capacity of
individuals, families, communities, systems and institutions to anticipate, withstand and/or
judiciously engage with catastrophic events, actively making meaning out of them, with the goal of
maintaining normal function without fundamental loss of identity (Almedom and Tumwine, 2008).
According to the Hyogo Framework of Action (UNISDR, 2005), disaster resilience is the capacity
of a system, community or society potentially exposed to hazards to adapt to conditions, by
resisting or changing their approaches, and to achieve and maintain an acceptable level of
functioning and structure.
The use of Unmanned Aerial Vehicles (UAV) in the field of disaster management is
increasing. Lightweight, compact UAVs are highly mobile; self-sustaining flight is possible even in
places where human responders cannot gain access; and, because they are inexpensive, they are
being increasingly considered as an efficient means for information gathering in the event of a
disaster (Erdelj and Enrico, 2016; Maza et al., 2011). In order to promote timely disaster response
protocols, it is essential not only to understand the situation after a disaster but also to accumulate
information before a disaster. In disasters that cause large topographical changes such as
earthquakes and floods, it is necessary to quickly judge changes before and after a disaster, reduce
the risk of secondary disasters and effectively restore the environment to its pre-disaster state.
When it comes to the acquisition of topographical data, improvements in photogrammetry
techniques, using images taken with UAV, have become an important field of research. As it is
becoming possible to improve the functions of the cameras mounted on the UAV, highly accurate
photogrammetry and topographic analysis should be carried out in such a way as to stay abreast of
the progress of Structure from Motion and Multi–View-Stereo (SfM-MVS) technology, which is
now widely used for the reconstruction of three-dimensional structures. In Japan, the Geographical
Survey Institute released a public surveying manual using UAV in 2018 (U.S. Geographical Survey
Institute, 2018), and further utilisation of UAV at the survey is expected. Kakiuchi et al. (2016)
verified the accuracy of SfM photogrammetry, and the results of the mean square error of the
verification point have been reported as follows: horizontal position X = 0.037 m, Y = 0.038 m and
altitude H = 0.041 m. It is expected to be applied to numerical topographic maps with a map
information level of 1:250. In SfM photogrammetry, characteristic features are extracted from each
image as key points; images having the same key points are matched to each other; and the
shooting position of each shot image is estimated. At this point, the geospatial coordinates of the
synthesised image are not defined. Therefore, it is necessary to correct the latitude, longitude and
altitude of the three-dimensional image restored by SfM-MVS using a known coordinate—in this
instance, the Ground Control Position (GCP). It is necessary to record not only image acquisition
by UAV but also position information as a GCP, and it has been reported that the presence or
absence of GCP greatly affects surveying accuracy. However, there are no clear guidelines on the
number and arrangement of GCPs, and reports on precision verification are particularly limited,
especially for areas having complex topographies.
In this study, the target area for photogrammetry was chosen to be a rice terrace located on a
slope with a high specific height. The accuracy of our photogrammetry changed with the number of
GCPs. Results were compared and verified.
METHODOLOGY
Study Site
The study area is the rice paddy terrace of Sengamachi tanada located in Kamikura Sawaji District,
Kikugawa City, Shizuoka Prefecture (Fig.1). Rice paddy production is carried out on slopes having
a specific height of approximately 30 m. The coordinates of 15 points were measured by RTKⒸ ISERD
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GNSS (GRS-1, TOPCON) in the study site (Fig.2), and these were taken as GCP in order to correct
photogrammetry. The RTK-GNSS was carried out on 25 May 2018.

Fig. 1 Location of the study site

Fig. 2 Location of 15 GCPs in Sengamachi Tanada

Shooting Condition of UAV
Table 1 Shooting date and conditions
The UAVs used in this study were a
Phantom 3 advanced and a Mavic 3 pro
(DJI). Shooting date and conditions are
shown in Table 1. We designed the route
using a Pix4D Capture (Pix4D) and
photographed during an automated flight
at a certain altitude. In the Public
Surveying Institute of the Geospatial
Information Authority of Japan, the
overlap of adjacent photographs is described as being 80% or more in over and 60% or more in the
side. However, in the case where the land use in the image is unified, and the feature points do not
resemble the agricultural area under present consideration, synthesis of the image is often difficult.
Here we set the overlap higher than the Public Surveying Institute. Also, since the object to be
photographed is a slope, when photographing is performed at a certain altitude, the ground
resolution in the image varies depending on the location. At the GCP point obtained by RTKGNSS, a small-sized colour cone was set as an anti-aircraft sign.
SfM-MVS
The obtained image was subjected to SfM-MVS processing using Pix 4 D Mapper (Pix 4 D) to
restore the orthoimage and Digital Surface Model (DSM). In this process, the number of GCPs to
be corrected was changed, and a plurality of images with different correction conditions was
synthesised. The number of GCPs used for correction in each case was 14 points, 7 points, 6 points,
3 points and 0 points (no correction), respectively.
In the case of 6 points, two patterns with changed placement were prepared, and a total of six
orthophotos and DSMs were synthesised.
Verification of Accuracy
We verified the accuracy of the image with the GCP correction number according to ArcGIS (Ver.
10.6). We imported orthophotos into ArcGIS and created point features on anti-aircraft signs
reflected on each shooting date and each correction condition image, and we obtained latitude and
longitude coordinates for each point. We also acquired elevation data from the corresponding DSM.
The coordinates obtained by ArcGIS and the coordinates judged by RTK-GNSS as being the most
Ⓒ ISERD
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probable values were compared, and the error was
verified. The standard deviation was used for
accuracy evaluation and compared with the
digital topographic map with scale in Japan
(Table 2) which is the standard in public
surveying. The standard deviation is defined as
the mean error ± standard deviation, and it is
assumed that this numerical value satisfies the
digital topographic map with scale in Japan when
the numerical value falls within the standard
deviation as the standard of a public survey.

Table 2 The digital topographic map
with scale in Japan

RESULTS AND DISCUSSION
Comparison of Accuracy without GCP Correction
Figure 3 shows the error in horizontal direction and elevation, respectively. The vertical axis of the
graph is the error from the coordinates measured by RTK-GNSS, and the horizontal axis is the
GCP number. Since the GCP of no.13 was fixed during conditions of low visibility, it was
excluded in this study. The data from 15 February 2018 were also excluded from consideration,
since the standard deviation on the horizontal direction and elevation was extremely large
compared with data from other photographing dates.
Standard deviation without correction by GCP resulted in a horizontal error of 2.44 m ± 1.59
m (SD) and an elevation error of 39.36 m ± 45.30 m (SD) with mean error ± standard deviation
(Table 3). As a result, it was shown that the accuracy in the horizontal direction corresponds to the
digital topographic map with scale in Japan of 1:10,000, and the altitude direction shows an error
that cannot be used for surveying.

Fig. 3 The error of horizontal direction and elevation
Table 3 Mean values and standard deviation of error
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Without GCP correction by the Pix4D mapper, three-dimensional data are generated, referring
to the positioning information of photographed pictures. The coordinate information corresponding
to each photographic image taken by the UAV is obtained by independent positioning from the
GPS mounted on the UAV. It is particularly unsuccessful at taking observations of elevation, and it
is greatly affected by the arrangement of the satellites: as a result, it was found that the measured
values for altitude deviate in units of several dozens of metres.
Comparison of Accuracy when Changing the Number of GCP Corrections
Figure 4 shows the six GCP patterns that changed according to the number of GDPs for correction.
Also, Fig. 5 shows the error in horizontal direction and elevation, respectively. The vertical axis of
the graph represents the error over against the coordinates measured by RTK-GNSS, and the
horizontal axis represents the GCP number. Table 4 shows the mean error and standard deviation in
the horizontal direction and elevation of each GCP pattern.

Fig. 4 Six patterns of GCPs correction

Fig. 5 The error of horizontal direction and elevation
In the horizontal direction, patterns (1) through (3) demonstrated accuracy equivalent to the
digital topographic map with scale in Japan 1:500; patterns (4) and (5) were equivalent to the
digital topographic map with scale in Japan 1:1,000 and for pattern (6) the accuracy was equivalent
to the digital topographic map with scale in Japan 1:5,000. For measurements in elevation, patterns
(1) through (4) were accurate with reference to the digital topographic maps with scale in Japan
1:250 through 1:500; pattern (5) demonstrated accuracy equivalent to the digital topographic map
with scale in Japan 1:2,500; and pattern (6) demonstrated accuracy equivalent to the digital
topographic map with scale in Japan 1:10,000. From the average error and standard deviation of
Ⓒ ISERD
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patterns (1) through (3), when the GCP was set to 6 or more, thereby enclosing the outer
circumference of the target site, it was shown that there is no difference in the map information
between the generated 3D model and that generated by standard surveying techniques.
Table 4 Mean values and standard deviation of error

CONCLUSION
In this study, we performed SfM-VMS photogrammetry using UAV images and verified the
accuracy according to the presence of GCP and the number of GCPs in topographies with a high
specific height. From the accuracy verification of three-dimensional data without GCP correction,
no special error was found. In particular, topographies with a high specific height were not found to
introduce any special errors. From the accuracy verification based on the number and arrangement
of GCPs, it was shown that highly precise SfM photogrammetry could be performed on rice paddy
terraces by performing GCP correction. Also, it was confirmed that sufficient precision of the
digital topographic map with scale in Japan of 1:500 could be obtained by setting the number of
GCPs and arrangement of 6 points on the outer circumference and 1 point at the centre. From these
results, it was suggested that the accuracy of UAV survey could be ensured by setting the GCPs for
6 points on the outer circumference and 1 point at the centre with minimum effort.
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