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ABSTRACT

This research article aims to evaluate the altimetric accuracy
of Digital Elevation Models (DEMs) generated from remote
sensing images acquired by digital cameras transported in
unmanned aerial vehicles generically known as Drones. The
DEMs generation was carried out with the software Pix4D
using as input the images of the drone flights and control
points of high planimetric and altimetric accuracy acquired in
field works by Global Positioning System (GPS) equipment.
The DEMSs have spatial resolution of 1 meter and their
altimetric qualities were evaluated by cross validations using
the set high accuracy control points. The methodology of this
work was applied to actual information within three
geographic regions in the municipality of Jacarei, Sdo Paulo,
Brazil. The work presents qualitative and quantitative
analysis of the results considering altimetric error metrics,
statistics and quadratic mean errors, for the DEMs obtained
by drones and for Shuttle Radar Topography Mission
(SRTM) elevation grids available at no cost on the internet.
Comparative analyzes of the results considering soil cover
information, observed through remote sensing images of the
RapidEye satellite, were performed too. The results show that
the drone DEMs have altimetric accuracy of less than 1
meter, but with different values in the three regions observed.
As expected, the altimetric accuracy was lower for the SRTM
data, since its spatial resolution is 30 meters.

Keywords — altimetric accuracy, digital elevation
models, direct and cross validations, drone images, SRTM
grids.

1. INTRODUCTION

Currently the imaging technology using digital cameras
coupled to Unmanned Aerial Vehicles (UAV), known
generically as Drones, has been extensively used for
monitoring geographical regions in various fields of
applications such as: information gathering in the monitoring
of areas with frequent environmental degradations; precision
agricultures; monitoring of forests; real estate registrations;
general mining and others. Also, the development of this
technology has been increasing for the accomplishment of
topographic, planimetric and altimetric mapping in a shorter
period of time and at an affordable cost, allowing several

studies of the same area with less temporal and spatial
resolutions [1], [2]. The validation, meaning precision and
accuracy assessment, of the drone image derived products is
an important research issue as it allows one to qualify and to
determine the application fields of them [3-6].

In this context the objective of this work is to evaluate
the altimetric accuracy of DEMs generated from remote
sensing images obtained by digital cameras carried by drones.
It was used the Pix4D Mapper software [7], along with a set
of high-resolution sample points, to process the drone images
for generating the DEMs. Three different real geographic
regions were considered, as a case study, to assess the
accuracies. The work presents qualitative and quantitative
analyzes of the results considering cross validations with the
high accuracy control points, hereafter referred as hard
samples. Also compares the results with direct validation
performed in SRTM data [8] obtained on the internet with the
additional support of a web application available at
https://earthexplorer.usgs.gov/. Comparative analyzes of the
results considering soil cover information, observed through
remote sensing images of the RapidEye satellite, were
performed too.

2. MATERIAL AND METHODS

In this work it was used the drone Phantom 3 Advanced [9]
in order to obtain the images of the regions of interest. The
Phantom shoots 12-megapixel JPEG and even DNG RAW
image files. It contains a photographic camera with a 1/2.3”
sensor, fast f/2.8 prime lens, focal length 3.61mm, generating
images with 4000x3000 pixels, and it is GPS assisted hover.
The acquired images were processed with software Pix4D
mapper. The planimetric and altimetric survey to obtain a set
of high-resolution control points were accomplished making
use of a TOPCON/Hiper GGD GPS [10] that records the data
in double frequency. The validation procedures, as well, the
spatial data managements and displays were performed using
the geographical information system software known as
SPRING [11].

The methodology used in this work involved the
following steps: i) choice of geographic regions of interest;
ii) obtaining a set of high accuracy GPS control points, the
hard samples; iii) acquisition of drone images; iv) processing
the drone images in the Pix4D software to obtain the local
DEMs; v) acquisition of SRTM information available at the
internet; vi) evaluation of the accuracy of the drone and the
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SRTM DEMs by assessment to general statistics, as mean and
standard deviation values, and by Root Mean Squared (RMS)
errors; vii) quantitative and qualitative analyzes of the results
considering also the land cover information extracted from
RapidEye satellite images.

Figure 1 illustrates the acquisition process of the hard
samples. GPS information are measured for the blue target
previously established for the field team. This target is later
identified in the images acquired by the drone.

3 ;
Figure 1: lllustration of the hard samples measuring process.

Figure 2 shows the arrangement of the waypoints of drone
photos (red circle marks) in the flight path and also the
distribution of hard samples in one of the studied regions. The
main characteristics of the drone flight mission are: altitude
of 200m leading to GSD of about 9cm; cover area of 25ha;
40 waypoints and front and side overlap ratio of 80% and
60%, respectively.
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(b)

Figure 2: (a) Points of the drone acquisition images (red
circles) and hard sample (blue cross) distribution and (b) A
drone image (relative to the point acquisition highlighted by

yellow circle) showing the hard samples location (blue circle).

3. RESULTS

The methodology of this work was applied, as a case study
with actual data, in a geographic region of the Jacarei city,
Sdo Paulo, Brazil. The studied region has the following
geographical bounding box: W 46° 4° 4,98 to W 46° 0’
2.82>” and S 23° 16° 2.91”" to S 23° 12* 47.23". Figure 3
presents the geographical location of the considered region,
with a 5-meters planimetric resolution RapidEye image
composition as a background. Also, the Figure 3 shows the
Paratei river, in cyan line, the high accurate sample data, in
white plus symbols, and the drone flight areas, in brown
polygons, used in this case study. The background image is a
composition of bands 3, 4 and 5 assigned to the color
channels blue, red and green respectively.

Figure 3. Geographic region of study showing the Paratei river,
the hard samples and the drone flight areas.
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In this work, for each brown region of Figure 3, many Table 2. Error metrics of the SRTM DEM s validations
drope im_ages, around 40 for gach fIi_ght region_, were acquired _ Number 1 Mean T Variance | Standard | RMS
during field works accomplished in the region. The drone Flight | ¢ hard | (m) (m?) Deviation | (m)
images were processed, in the Pix4D software, considering area samples (m)

i L

the hard samples _and stereoscopy approaches for generating Lgf";’er 20 2746 | 15.894 3.087 4801
the orthomosaics (true  orthophotos), based on Upper
orthorectification. This process creates the drone DEMs with Right 20 1.382 | 17.328 4.163 4.38
1 meter of planimetric resolution. Figure 4 illustrates a Lower
mosaic of the lower left polygon area showed in Figure 3. Right 22 3297 | 20.205 4.495 0575

Figures 5, 6 and 7 show the land cover, using the
RapidEye image composition, inside of each drone flight
region. These figures will be useful to analyses of the
altimetry accuracies related to the land cover of each region,
mainly the vegetation and bare areas.

Figure 4. Mosaic of images acquired by drone flights in the
Lower Left location of the Jacarei region.

Cross validations, using the hard sample points, were
performed for assessing the altimetric accuracy of the DEMs’
drone data. In the cross validation process the actual altimetry
value of each hard sample, measured in the work field, is
compared with that estimated altimetry from the DEMs
generated with all the samples, inside the region, but itself.
The method of cross validation is applied here, instead of
direct validations, in order to avoid bias because the hard
samples were considered also to assess the drone DEMs.
Tablel presents the error metrics related to the cross
validations applied to the 3-drone flight regions considered.

Table 1. Error metrics of the drone DEMs validations

. Number | Mean | Variance Standard RMS
Flight | of hard | (m) (m?) Deviation
area | samples (m)
Lower
Left 17 -0.012 0.026 0.162 0.162
Upper
Right 12 -0.011 0.042 0.205 0.205
Lower
Right 15 0.026 0.018 0.134 0.137

For comparison purposes, SRTM data were gathered
from the internet for the 3 drone flight regions. Table 2
reports the error metrics of SRTM DEMSs direct validations ) ) )
assessed for the considered regions. In this case it was applied Figure 6. Land cover of the Upper Right drone flight area.
direct validations, cross validations were not necessary as the
SRTM were not generated considering the hard sample data.
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Figure 7. Land cover of the Lower Right drone flight area.
4. DISCUSSION

Analyzing the values of Table 1 it can be observed that,
although the validation metrics among the flight areas are
different, they are very similar. Their mean values are very
low, close to zero, indicating low bias for these metrics. This
is the reason for having similar values for the standard
deviation and RMS metrics inside each flight area. Table 1
reports, also, that the highest error metric of standard
deviation and RMS values were obtained for the upper right
flight region. This can be explained by the small number of
hard samples and their worst distribution within this region.

The accuracies can be affected also by the altitude of the
drone flight that can change according to the relief. For
vegetation regions the sensor of the drone camera will get
images of the vegetation canopies instead of the actual terrain
surface. Nevertheless, in our case study, the vegetation does
not seem to have influenced the accuracy metrics as the hard
samples, used in the drone DEMSs generations and
validations, were located mostly in non-vegetation areas.

As pointed out above, SRTM DEMs were also validated.
As expected, and reported in Table 2 the accuracy of these
DEMs are lower than those assessed for the drone DEMs.
This is explained, mainly, by the poor spatial resolution of the
SRTM DEMs, 30x30m, compared to the drone DEMs,
1x1meter, i. e. the SRTM information is more generalized.

5. CONCLUSIONS

In this work it was explored validation processes to assess
altimetry accuracy of DEMs. Drone and SRTM DEMs
obtained in different spatial regions have been considered.
The drone DEMs obtained in this work present high accurate
elevation values, less than 21 centimeters, that suggests they
are good options for general environmental monitoring and
cartographic mapping for high scales at low cost.

Future researches related to altimetry accuracy of DEMs
can include investigation of other spatial regions with distinct
land covers using different drone acquisition and process
methods.
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