International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XL-1/W2, 2013
UAV-g2013, 4 — 6 September 2013, Rostock, Germany

LOW COST SURVEYING USING AN UNMANNED AERIAL VEHICLE

M. PéreZ *, F. Agliera®, F. Carvajaf

2EPS, Dept. of Engineering, University of Almeriata Sacramento sn, 04120 Almeria, Spain
Agrofood Campus of International Excellence (ceiAB)ps515@ual.es

Commission |, ICWG /5

KEY WORDS: UAV Photogrammetry, unmanned aerial vehicle, digitan metric camera, low cost equipment,
surveying, orthophoto, digital elevatimodel

ABSTRACT:

Traditional manned airborne surveys are usuallyeesjve and the resolution of the acquired imagesften limited. The main
advantage of Unmanned Aerial Vehicle (UAV) systesting as a photogrammetric sensor platform overentiaditional manned
airborne system is the high flexibility that alloiveage acquisition from unconventional viewpoirttsg low cost in comparison
with classical aerial photogrammetry and the higbotution images obtained. Nowadays there is ass@gdor surveying small
areas and in these cases, it is not economicaligheof normal large format aerial or metric camecasicquire aerial photos,
therefore, the use of UAV platforms can be veryahle. Also the large availability of digital carasrhas strongly enhanced the
capabilities of UAVs. The use of digital non metcemeras together with the UAV could be used foltiple applications such as
aerial surveys, GIS, wildfire mapping, stabilitylahdslides, crop monitoring, etc. The aim of thisrk was to develop a low cost
and accurate methodology in the production of gttmtos and Digital Elevation Models (DEM). The stwdas conducted in the
province of Almeria, south of Spain. The photogratiuo flight had an altitude of 50 m over groundyering an area of 5.000°m
approximately. The UAV used in this work was the4a®00, which is an electronic battery powered goeolpter UAV developed
by Microdrones GmbH, Germany. It had on-board at@®@e®©ptio A40 digital non metric camera with 12 Meels. It features a
3x optical zoom lens with a focal range coveringles of view equivalent to those of 37-111 mm len85 mm format. The
quadrocopter can be programmed to follow a roufinelé by several waypoints and actions and it hasability for vertical take off
and landing. Proper flight geometry during imagguasition is essential in order to minimize the ruenof photographs, avoid
areas without a good coverage and make the ovenlap®geneous. The flight planning was done usiegMidCockpit software,
with the module waypoint editor. Flight route fitas downloaded into the quadrocopter autonomouys ki cable. A total of
twelve vertical images with a longitudinal and seersal overlapping of 60 % and 50 % respectivelyevtaken. The digital camera
was previously geometrically calibrated. Field cohpoints covering the whole studied area weréneelf over the area of interest
and their coordinates were measured by a GPS. &latugets were used as field control points. Tlbsecrange photogrammetric
software Photomodeler Scanner v.7 was used imthiik to calibrate the camera and to carry out thet@grammetric process. The
software Golden Surfer was used to produce the DEM. planimetric and the altimetric root mean squemror (RMSE) were
calculated in order to check the accuracy of tlelpcts. The RMSEX was 6 cm, the RMSEy was 4 cm am@®RMSEy was 7 cm.
Our preliminary results demonstrate the feasibiibd accuracy of orthophotos and DEMs obtained fimages captured from a
quadrocopter using low cost photogrammetric sofwArfuture work can be the comparison of the potslobtained following the
route used in this study where the images are tageically with the products obtained with an ¢abiroute where the number of
images will be diminished and the photos will beetaoblique.

1. INTRODUCTION dimensional information (Habib et. al. 2006). Tleeavery of
these parameters is done through the camera dadifora
Camera internal parameters obtained through cadbiorat

procedures include the focal lengttf) of the lens, the

The interest of producing digital terrain infornmatidatasets in
an affordable price and with high precision is @asing (Bird

et. al. 2010; Westoby et. al. 2012). Digital elematmodel

(DEM) is the usual way to describe the terrain rhotpgy and

to obtain derived information. Moreover, this infaation is

essential for the execution of civil engineerin@jpcts which

imply terrain modifications. DEM can be generatednf a

variety of data sources as total station surveaserl scanning,
GPS, LIDAR, SAR, etc., (Stefanik et. al. 2011), hoamr\the

cost to produce high accuracy products is genevaty high.

Photogrammetry from unmanned aerial vehicles (UAMp

become an alternative way to satellite and airchaifagery

(Zhang and Kovacs, 2012).

In photogrammetry it is necessary to know the imér
characteristics of the camera involved in ordegenerate three-
dimensional spatial and descriptive information nfrawo-
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coordinates of the centre of projection of the imé&®, yp),
radial lens distortion coefficient&kl, k2, k3) and decentring
lens distortion (p1, p2) (Fryer, 1996). Many calibrating
techniques have been developed in the last fewsyarfull
overview of camera calibration methods and models be
found in Remondino and Fraser (2006).

The civil applications of UAVs have increased i tlast few
years. Some practical applications of UAVs arehia tield of
cultural heritage (Chiabrando et. al. 2011; Hendrigt. al.
2011; Sauerbier and Eisenbeil? 2011), precisioncaltuie
(Zarco-Tejada et. al. 2009; Aglera et. al. 2011ipeste et. al.
2011; Xiang and Tian 2011) or civil engineering &4k, 2008;
Carvajal et. al. 2011) to cite a few.

Some recent studies have studied the morphologyeoferrain
through the acquisition of imagery from unmannediahe
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systems (UAS). In 2008 Wundram and Loffler usedta with 2.2 Cameracalibration

a non-metric digital camera attached to study thmumtain

landscapes. Smith et. al. (2009) also used a kitle avnon- The close range photogrammetric software Photoreodel
metric single lens reflex camera to collect higlsotation — Scanner v.7 was used to carry out the camera atbbrusing
imagery for the generation of DEMs as input to shedy of the bundle adjustment method. This software provide
geomorphological processes. Turner et. al. (20t®leyed a calibration pattern that muss be photographed &erent
UAV and a non-metric digital camera to produce highpositions, including landscape and portrait positidhe focal
resolution mosaics of a terrain. Some investigatidrave length was fixed at the widest angle with the foattached to
measured the accuracy in the production of DEM oinfinite. More details about the camera calibratimocess are
orthophotos with UAV photogrammetry but there il stlack  described in Pérez et. al. (2011).

of studies regarding to their accuracy.

The aim of this preliminary work was to developavicost and 2.3 Tested areaand flight mission

accurate methodology in the production of orthopkoand

DEM. The tested area is a flat terrain with approxin@@0 ns. As
control points, natural features were selected sactbe tested
2 MATERIALSAND METHODS area. From the total of points selected, 40 of there used as

check point (CP) and three as ground control p&@R). The

2.1 UAV system coordinates of the points were measured using @blei R6

GPS receiver applying a post-process with the tidaga
The UAV used for this study was a quadrocopter faotured  corrections saved on the Almeria station, belongittg
by Microdrones GmbH and more concretely the mod#14200  Positioning Andalusian Network, 12 km far away frahe
(figure 1). It is a vertical take off and landifgTOL) UAV tested area.
that can fly by remote control or autonomously #&ato a GPS The flight mission was planned taking into accoafiight high
waypoint navigation system. The video and telemetmyn link  over ground of 50 m, a longitudinal and transveosa&rlapping
allows the transmission of live video images, all a® all the  of 60 % and 50 % respectively and the camera pdeasaelhe
relevant telemetry data (www.microdrones.com). Thght tool to implement the flight planning to the quatiypter UAV
time is approximately 15 minutes depending of saviarctors  was the software MdCockpit with the waypoint editoodule
such as payload weight and wind speed. It can eamgximum  which is a graphical interface based on Google Hart
of 2509 of payload; therefore, the sensor attachest be light. information. The actions to do in each waypoint nfeea
In this study we used the compact digital camenatdeOptio  perspective centre) were defined, including holdifpan, image
A40. This camera contains a 1/1.7" CCD sensor with 1 orientation and trigger activation (see figure e route had a
megapixel and pixel size of 1.9 um. It featuresxaoBtical total of twelve waypoints and three parallel lin€ke route file
zoom lens with a focal range covering angles ofnéguivalent  was exported to a memory card embedded in the UMV v
to those of 37-111 mm lens in 35 mm format. Thedgoeopter  cable.
used in this study is considered as low cost eqeiynin
comparison with the cost of other alternative derghicles,
e.g. planes or satellite. Regarding the commercial
photogrametric software used in this work, its cisstmuch
lower than the cost of the specific digital photgmetric
software and finishing with the economical aspett tie
equipment used, it is noteworthy the low pricehaf hon-metric
compact digital camera used in this work in congari with
most photogrammetric cameras.
The cost of the processing is in the same magnitrder or
even less than the cost of other photogrammetiagegts in
which the number of images and the memory volunteipied
by the files are higher. Obviously the labor needdétt UAV-
photogrammetry is significantly less than with lasdrvey
topographic works.

Figure 2. Flight planning with a parallel lines teand a total
of twelve waypoints

2.4 Photogrammetric workflow

Once the flight mission was finished, the photogsfsrom the
camera were downloaded into the computer. Photoleode
Scanner software was also used for the photogramemet
process. It is a low-cost multi-application softevarhich can be
used with both, convergent and parallel photograimme
projects (Eisenbeis, 2009). The first step in thekflow was
the upload of the images followed by the introductof the
internal parameters of the camera obtained throglprevious
calibration. Then, through the automatic identifima of the
homologous points of the photographs, the relatiientation
process (Wolf, 1983) was carried out. This proess realized
using an image correlation algorithm as the progoby
Ackermann (1984). The time to finish this procesd dot
exceed 10 minutes. The absolute orientation pro€easf,

Figure 1. The vertical take off and landing UAV dder the
flight mission
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1983) was applied by the affine transformation apph which
implies translation, rotation and scale changingr Ehat
purpose the coordinates of the three GCPs chostrisinvork
were selected and the photogrammetric block wasofithe
UTM coordinate system, northern hemisphere and romgber

The overall RMS after the relative orientation of tmages was
0.67 pixels. This result can be compared with ttehiged by
Carvajal et. al. (2011) with also an overall RMS dfDpixels.
According to the Photomodeler online tutorial, paig with
overall RMS below 1 pixel after the block adjustmeah be

30, with the European Datum 1950. After the absolut considered accurate.

orientation of the project, the production of 30mialouds can
be executed over the whole project. This is anraatic process
where homologous pixels between images are matithedgh
image correlation algorithms. After the point clogeneration,
a manual editing process must be done to deletsignificant
outlier. This step could be the most time consunafithe total
photogrammetric process. If the overlapping betwiesages is
high enough and the photos have a good resolutienediting
process could be greatly minimized. To transforeséhdense
point clouds into a surface, first of all, the potiouds are
merged followed by the triangulation of the modat. this
stage, three products can be exported: a modedrthophoto
and a 3D viewer animation. In this work, two protuwere
exported: the model and the othophoto. From thentpoi
exported with the model, a DEM was obtained with @olden
Surfer software.

2.5 Accuracy assessment

Finally, the accuracy assessment of the photograrume
products was calculated using the root mean sqearar
(RMSE) estimator. It is considered by some authbrs1088;

Figure 3. Mosaic of the photos and the automatintpo
obtained in the relative orientation

A clear advantage of the commercial software usddis study
over more traditional photogrammetric software vilas full

automation of the relative orientation process.

After the relative orientation of the photographedathe

Yang and Hodler, 2000) as the most widely used ajlob transformation to absolute coordinates throughutbe of three

accuracy measure to evaluate the accuracy of DHMsas
quantified by comparison of the coordinates of &lPs
measured in the products of the photogrammetrifept® with
their real coordinates in the measured terrain WithGPS. The

well distributed GCP, the 3D point clouds were crdatAfter
manual edition and noise filtering, a total of 448Boints
(figure 4 a) and 89336 triangles (figure 4 b) dediirom these
points were set up. After the triangulation of tmedel, the

planimetric RMSE (RMSEx and RMSEy) of the CPs wasresults can be also seen as shade (figure 4c)xarréemode

calculated digitalizing the CPs over the orthoimaged their
exportation of the coordinates. Nevertheless, thenetric
RMSE was obtained comparing the interpolated DEMltei
with the real height acquired by the GPS measur&énen

3. RESULTSAND DISCUSSION

Prior to the beginning of the photogrammetric psscethe
internal camera parameters were defined throughctimera
calibration. These parameters can be seen in fab®nce the
parameters of the camera were introduced, the ivelat
orientation of the photographs was carried outdpeing a total
of 4179 automatic points. As result of the relatbréentation,
the position and angle of the camera with respetheé object
when the photographs were taken was determinetigure 3
the automatic points created in the process anghdéion of
the cameras when the photos were taken is shows.figlre
also displays the good performance of the flightping.

Pentax Optio
A40

Focal length (mm) 8.193

Format size (mm) 7.485 x 5.613
Principal point (mm)  3.723 x 2.668
Radial distortion K1 2.877e-003
parameters K2 -1.838e-005
Decentring distortion _ P1 3.492e-005
parameters P2 -4.515e-004

Table 1. Internal parameters of the Pentax Optid gamera

This contribution has been peer-reviewed.

(figure 4d). This software automatically assigns thxture in
function of the perpendicular or the closenes$efttiangles of
the mesh, albeit the texture can be also assigeedafly (Ortiz
et. al. 2010).

Figure 4. Details of the dense point cloud (agrtgulated
points (b), shaded surface (c) and textured suifat¢he tested
area (d) obtained from the photogrammetric process

Basing on the point cloud exported, a DEM was geadray
the interpolation of regular grids using the radiakis function
method (figure 5). The DEM was interpolated witil@ cm
grid. Contour lines were obtained by intersectiorthef DEM
and a set of 0.5 m interval parallel planes tohtwézontal plane
and exported with DXF format. The small mounds et be
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seen in the DEM are shrubs that could be foundugitrout the
tested area.

Figure 5. DEM interpolated with a 10 cm grid usthg radial
basis function method

The orthophoto was interpolated with a resolutiéri @m per
pixel and its image size was 11347 x 11083 piXeldigure 6
the orthophoto of the tested area with the contbuoes
superimposed is shown. As can be seen in figutkebyisually
quality of the orthophoto created is very high,ngeable to
differentiate even the smallest details.

Figure 6. 1 cm orthophoto of the photogrammetrajgut with
contour lines with an equidistance of 0.5 m suppdsed

The RMSEXx of the tested area was 6 cm, the RMSEyiwas
and the RMSEz was 7 cm. This accuracy level can
considered pretty well for most of the civil enginieg projects.
Our results improved the obtained by Wundram anéfldro
(2008) that used a kite with digital compact cantergenerate
DEMs of mountain landscapes. They used as erronagsir the
maximum error, reaching the value of 81 cm. Oudgitan also
be compared with the work done by Mozas-Calvachealet.
(2012). They used a kite as aerial platform and thad an
altimetric difference of the DEM of 6.1 cm. In thétudy has to
be noted that a digital reflex camera and non logkc
photogrammetric software were used, while in oseagch only
low-cost equipment was utilized.

4. CONCLUSIONS

Aerial images taken with non-metric compact camenasnted
on an UAV and using low cost photogrammetric sofemaan
be used to produce accuracy orthoimages and DEM=adet of

the engineering and geomorphologic projects. TheVUA
Photogrammetry method employed in this work cahnirfilthe
gap between the classical aircraft photogrammetnd a
terrestrial surveying techniques. Moreover, the obshe UAV
imagery used in this study is fewer than the céstatellite or
manned aircraft images. The rapid availability ahayh
resolution of the photographs makes the methodolopd a
feasible method to apply in order to make acculEs and
orthoimages in flat terrains. A future work can bee
comparison of the products obtained following tbete used in
this study where the images are taken verticallyh vthe
products obtained with an orbital route where thenber of
images will be diminished and the photos will beetaoblique.

It could be also tested the use of another targetpinstead of
natural points.
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