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ABSTRACT:

The Low-cost Unmanned Aerial Vehicle (UAV) has beesed as a platform for photogrammetric data adepris Two techniques
were accepted for mapping. One is remotely-pilogdtraft with mounted digital camer&ony NEX-5for low altitude
photogrammetry. The flying height was about 30 mother is close range photogrammetry taking imé&ges building — geometric
situation similar to aerial case (vertical imageR)e Trimble R6GPS has been used for determination of ground @optints
coordinates exploited in exterior orientation phoes. DTM'’s creation via image matching and areppmg was performed by
software LISA designed at University of Disseldorf. Comparisoalysis of applied two techniques efficiency and leagion
possibilities has been carried out. The accurasgsasnent is given. The residuals in x and y alygweint and standard deviation in
exterior orientation procedure of images from UAlatform is about half of pixel size referring toetimage, i.e. 0,14 mm.
Experimental accuracy investigation regarding UAM &PS data shows that maximum absolute planimgislacement is 0,25-

0,30 m. Such data fulfils the accuracy requireméanttarge-scale urban area mapping.

1. INTRODUCTION

The application of digital photogrammetry for presig of
images taken using platform named Unmanned Aerélidles
(UAV) with integrated sensor is rapidly growing. &k arise
new modern terminologies YJAV Photogrammetry UAV

Images Definition of unmanned aerial vehicles might be

confused because of unmanned meaning speculatiay. iv
manned platform, because of handling remotely ofiett
equipment, but without a pilot sitting in the ptath. Maybe
definition - Remotely Operated Aerial Vehicles (ROAWpuld
be more acceptable.

Main features of UAV Photogrammetry are consideveth
respect on costs (low-cost), flying altitude (lovgtn), capability
of image acquisition in real-time that's quality pg&ds on
sensors features, flight performance (e.g., flyspped 50-60
km/h), influence of atmospheric and environment dibons,
wind influence, etc. Different types, classificaticategorization
of UAV's, applied for photogrammetric data acqudsitare used
(UAV Systems-Unmanned, 2013). UAV Photogrammetriada
acquisition is possible in manual, semi-automatetiautomated
flight mode.

Comparing the usage of UAVs and manned aircraft, \4¢Ax be
used in mapping of high-risk situations (e.g., slisa areas,
mountains and volcanic zones, flood, earthquake \artbus
accidents regions, etc.), without imminent dangdifé of pilot.
With the UAV system, due to its small size, can thken
photography very close to an object of very smalhce
(territories that's shielded by trees or water lesdinarrow city
streets, etc.). The cheap UAV vehicles are ligbtanse of that
there can be integrated ease (amateur) camerahesonage
resolution and quality may not always meet the seddhe user
(Eisenbeiss, 2009).

This contribution has been peer-reviewed.

UAV broad application possibilities for appropriatepping
needs (e.g., for inventory of electrical lines,.ettepends on
price of UAV system (variable, could be up to 3@ @uro).

The interest of UAV great potential for digital
photogrammetry application is rising in many coig#r as
well as in Lithuania. Up-to-now there main fields WAV
application are the acquisition of cadastral arearlook
images or for publicity needs.

Paper demonstrates results of investigation of @maguality
from UAV, flying over built up area, comparing witlose
Range Photogrammetry images as well.

2. TECHNOLOGICAL FEATURES

After capturing the images, using different platfisr and
sensors, main photogrammetric procedures are: |aeria
triangulation, exterior orientation, creation offsce models,
orthophoto generation, vector data collection folS Gor
cartographic needs (Luhmann, 2006; Ruzgier?008;
Khosravani, 2010; Nilsson, 2009). Establishing tbktion
between image and object coordinates, nowadaygrthend
control point’s coordinates are measured using GPS.

The images orientation: interior — camera pararseter
definition, exterior — for each image measuringugr control
points, model definition (reconstruction of spatg@ometry
from two images, calculation using well known aodarity
equations).

Creating DTMs via image matching, can be applietediht
methods, there is used area-based matching (ABMpapp
that leads to good stereo pair correlation resiéitea-based
image matching compares the grey scale valuestohgs of
two or more images and tries to find conjugate iemag
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locations based on similarity in those grey scalee patterns 3. EXPERIMENTAL PROCEDURESFOR DTM
(Manual, 2004). CREATION

The area-based matching parameters are specifietheas 3.1 Obiect d geodeti t
following: pixel size for DTMs (z-range) — for flégrrain is not ' J&CE, MEANS 8N geotetic suppor

necessary to match points for the high resolutiuowever, The built-up area surrounding Vilnius Gediminas Rrecal
because of images oblique z-range selected sralterless University was selected as experimental test. Fer first
than 0.2 m); minimum'correlation. coefficient (O.Bl)rgquired approach, the images were taken by self-construttayt

for a pair of conjugate points to be considered as remotely operated and with integrated digital car®ony
correspondence; correlation window size used tanéx@ a NEX-5 (see Fig. 2). Some characteristics of used digital
small defined area, looking for matches to a toppiic camera: resolution — 14 mega-pixels (4592x3056)alfo
feature (the smallest window size is 5x5 squarelpjxuse a length 16 mm, image’s pixel size 72.6 pm, imagesasie

larger, e.g., 11x11 or 17x17 square pixels for éiglesolution  formats JPG, RAW. UAV flying height was about 30 m.
images in order to achieve more reliable matchawylts, but

the process takes longer. The effect, when DTM Ipixe For the second approach, Close Range images havédieen

correlation is failed, is reduced decreasing theretation from above (from building roof) with digital camegamsung
coefficient threshold and decreasing the size efdbrrelation ES10(resolution — 8 mega-pixels, focal length — 6 miit)e
window. taking photography of test area was executed friooue23 m

above ground surface, so images geometry becanilarsto
aerial photography case, i.e. similar to geomefryentical
images.

The workflow diagram of experimental study for UAV
Photogrammetry and Close Range imagery application is
presented in Figure 1.

Build-up test area
Small-sized

Technical mear

UAV Digital cameras
Sony NEX-5, Samsung ES-10

Capturing photos:
UAV Photogrammetry, Close-Range
d Photogrammetry

Ground controlling
Trimble R6GPS,Cartesian Coordinates

A 4

Processing of images: orientation, stereoscop
measurements, DTM, Orthophoto generation
LISA FOTO, LISA BASI

(2]

A 4

Comparable analysis of the results
Accuracy evaluation

Y

Figure 1. The workflow of experimental study

Figure 2. UAV used for Photogrammetry: a) UAV with
integrated sensor and remotely operated deviddAl)
taking photography
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The GPS Trimble R§ measurements on the basis of
station Vilnius of LitPOS network are carried out
applying Rapid Static method archve been used for
determination of ground control points coordinageploited

in exterior orientation procedures. Fragment of tesea and
distribution of ground control point is shown irgkre 3.

Figure 3. Distribution of ground control pointsthe test area

3.2 Generating Geospatial Data Setss DEMs and

Orthoimages

DTM's creation via image matching and area mappias
performed by softwareLISA designed at University of
Disseldorf (Linder, 2009; Ruzgi€n2010). The software’s
package is divided into moduleBASIG FOTO, BLUH,

FFSAT and can be used for various photogrammetric tasks.

Processed stereoscopic pair of images (from UAYqia) is
showed in Figure 4. The overlap of photograph®@ia85%.

Figure 4. Experimental images — stereo pair

Exterior (absolute) orientation of photographic gea was
based on 18 reference (ground control) points. Magimum
residual error of absolute orientation of the fgibtograph is
0.381 mm, and standard deviation is 0.180 mm riefgto the
image (see Figure 5).

This contribution has been peer-reviewed.
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Figure 5. Fragment of results from exterior image
orientation — UAV Photogrammetry

The results of the right image exterior orientatmeuracy are
similar. The significant wind angles of images haween
determined.

The maximum residuals in x and y at every point #mel
resulting standard deviation in exterior orientatjgrocedure

of images from Close Range Photogrammetry taken photo
with digital cameraSamsung ES10respectively are: 0.029
mm and 0.020 mm (Figure 6). Residuals are less lia#rof
image pixel size referring to the image.
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Figure 6. Fragment of results from exterior imagerdation
— Close Range Photogrammetry

Creation of DTMs via image matching (from about 1300
matched points) and orthophoto generation has beecuted
using images from both approaches. Figure 7 demaiast
fragment of created orthophoto with representatiorelief.
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Figure 7. Fragment from orthophotographic recttfma
results with contours (interval 0.5 m) overlaid -o§4 Range
Photogrammetry
3.3 Analysis of images accuracy from the UAV
Photogrammetry and Close-Range appr oaches

The image point’s position accuracy depends onctdmaera
sensor characteristics, the flight height, positigrof theGPS
system, and some other factors.

The horizontal accuracy is closely related with ttight
altitude — 1/2000-1/3000 of flying height. UAV fhg height
is about 300 m, therefore, the error is about @.1® m.

The main goal was to investigate point accuracynfldAvV
Photogrammetry image data and Close
Photogrammetry image taken over test area. Fagvhkiation
of the image data accuracy a comparison with géodentrol
measurements has been carried out. A certain anobimage
points was coordinated using GP®ifble R§ (Figure 8).
The ellipsoidal heights of GPS points determinedhwi

accuracy — up to + 30 mm. The accuracy of heights

transformation to the normal system is 3 cm. Therage
accuracy of ground control point positioning by te#S
(determination of planimetric coordinates) is abbbitmm.

Figure 8 Fragment of points selected for coordinates
checking

The search of image points for geodetic control wasied
out at a variable distances, e.g. from 1.0 up ton20The
distribution of height deviations is presented able 1.

Technology Deviations number at intervals, m
/numberof | 0| 0.01-0.10 0.11-0.20 0.21-0.30
points + - + R + -
UAV - 11 8 | 21 6 6 2
Close Rangg - 16 7 22 4 4 1

Range

Table 1. Distribution of point’'s numbers regardingiefined
coordinates deviations

The accuracy of the image height points was ingastd
comparing UAV imagelata with geodetic control. Root Mean
Square (RMS) and Standard deviation StB) (has been
calculated using formulae (1), so reducing inflleencf
systematic errors influence (Zalnierukas, 1999; Ry
2011).

o,= \/E(mzz -n422),
n

Q)
(RMS§ = 62+ 4°Z.

where AZ=27, -7

AZ - mean of deviations,
N — number of checked points.

geod ’

Results of UAV image and Close Rangemage point's
coordinates accuracy investigation considering émdgtic
measurements by GPS are presented in Table 2.

o %) Accuracy assessments, m
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© w
Accuracy of planimetric coordinates (X, y)
UAV -0.05 0.30 0.18 0.20 0.2b
Close |°* [-004 | 020 | 015 | 014 o0.1b
Range
Accuracy of point heights

UAV -0.06 0.17 0.12 0.09 0.11
Close 54 | -0.05 0.12 0.10 0.0% 0.0y
Range

Table 2. Results of point coordinates accuracy ityason
compared with geodetic control measurements

4. CONCLUSIONS

UAV Photogrammetry, getting images from bird flynda
combined with Close Range Photogrammetry data isiLgef

accurate land surface mapping dalfils the requirements for
the creation of spatial city terrain models.

The UAV Photogrammetry points positioning accurany
consideration with geodetic control measurementsvslthat
the average RMS for height points is 0.09 m. Thisves a
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very high accuracy of point’s height measurememgqbAV
platform for taking images.

The horizontal accuracy is about 0.12 m when flyieight is
300 m. Experimental accuracy investigation regaydifAV
Photogrammetry and GPS data shows that maximumuaéso
planimetric displacement is up to 0.30 m. It carstaged that,
under the current accuracy data the UAV data isabla for
creation of 3D models for the urban area and #ulfihe
accuracy requirements for large-scale topography @S
needs.

The results from accuracy investigation using Cl&snge
approach has been received similar as from UAV
Photogrammetry (c.f. Table 2).

The photogrammetric softwarkISA is excellent program
package represents small, but powerful Digital
Photogrammetric Workstation and can be successiidbd
for photogrammetric tasks. However, some limitat{onage
size, only grey scale images) reduced functionalftymage
processing and influenced the results. By usingratb#ware
for the photogrammetric data analysis can imprcved speed
up results.

As well as, because of significant oblique UAV imageeds
the special designed images processing softwardifptal
terrain  model creation and orthophoto productionthwi
desirable 5-10 cm resolution.
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