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ABSTRACT:

The paper is a condensed presentation of the expetal part of my graduation project (Bitenc, 20@@hjch | carried out at the
Institute for Photogrammetry and Remote sensingRl)Rat the Vienna University of Technology durimy Erasmus exchange
program. The main topic is attractive, useful addaaced technology - airborne laser scanning, whiak used in the Neusiedler
See project in order to enable hydrological analy3ée aim of this project, which was part of theeinational SISTEMaPARC
project in the framework of the transnational Ewap project INTERREG 11IB CADSES, was refilling draineatural basins with
water, so centimeter accuracy of digital terrairdeld DTM) was required. Its high relative and albg®laccuracy was obtained by
using the post-processing method. The paper pieseatysis of DTM quality with local quality paratees. According to the results
the DTM of the Neusiedler See National Park reaghess accuracy in height. The second analysis ritestin this paper, aims to
investigate intensity values measured with lasansers. Intensity is a side product of ALS, butlddae very useful for recognizing
the scanned objects, while it gives semantic in&giom directly to the 3D data. The possibility tgedit for land cover identification
and classification was investigated. Some land rcisveeparable with intensity data, but it was oi@red that just ALS data are not
sufficient.

1. INTRODUCTION necessary to provide a user with information abitsutjuality.
According to the known quality, which consists ohgonents
like precision, accuracy and reliability, the opgindecision
could be made. Those metadata could be given vifitereht
quality parameters. In this analyze of a Neusie8keg’'s DTM
the local quality parameters were calculated with a step-by-
step empirical stochastic approach, which givesl groint
related quality parameters of DTMs. The method desloped
at I.P.F. and is described in Karel (2005), Kanetl &raus
(2006) and Karel et al. (2006).

Relatively new method of remote sensing - airborasel
scanning (ALS), has recently been greatly improwstd
developed, which makes it very useful in a widegearof
applications. On the one hand better sensor tecgpdaets up
different systems, which provide a user with adbdata in a
short time, while on the other hand newly develoetti
improved post-processing methods enable more attdnzand
exact calculation of results e.g. DTM, DSM, 3D cityodel.
Therefore results are used in a variety of differgplications
such as forestry, urban planning, hydrological higa
archeology, coastal monitoring, roads, power linasd
telecommunications survey, GIS and cartography,cabaster
... In the case of the Neusiedler See project, ALS uged to
provide accurate and up-to date DTM for hydrolobészalyses.

In the 28" century an over-exploitation afroundwaterand
wide-spread artificial draining caused drastic ¢jemnto
the natural park, so today just 25% of the watefase
area still exists. In order to protect and restitve area,
new research was done, based mainly on ALS date
Details on the first research within the transnelo
project INTERREG IIC can be found in Horvath (2001)
and Herzig et al. (2002) and the second, which dase

Figure 1. Project area — national rﬁ)z;r'k'M‘Neusiealéle S

(Attwenger, 2005).

within the discussed project, in Attwenger and @hpek
(2006), Attwenger et al. (2006) athaupelek (2006)The

exact location of the project, which is split betne
Austria and Hungary, can be seenFagure 1.

After the data for the Neusiedler See project waaguired by
the company TopScan, the post-processing startdtedtP.F,
home developed algorithms were used to contribute
accurately modelled DTM. While the DTM is most oftesed
and is therefore the most important result of ALS,is

The second analysis done on the Neusiedler Seeatagto
investigate intensity values of the reflected lakght. ALS
technology gives accurate 3D data of the scannddcgy but
the information about a type of scanned objectpisstionable.
Time-consuming post processing algorithms helpouslentify
terrain, buildings and other objects. To make stdaand easier
the objective of this analysis was to identify lacaver types

athat occur on the scanned area like fields, meadoads and

vineyards and (automatically) classify laser poiggarding to
intensity values. The main obstacle to using irtgmsrectly is
the fact that the measured values are a complidatedion of
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many influencing factors. State of the art expentabanalysis
on the intensity values can be found in Song €28i02), Lutz
et al. (2003) and Hasegawa (2006). Since now thengity
values are primarily used for visualization of sved area
(colour coded image), but in future applicatiorke Isearching
for homologues features, improving the classifamatand the
extraction of features, use in the forestry etdl. lvé developed.

2. THE PROJECT NEUSIEDLER SEE
2.1 ALS data acquisition

The aerial mission was done on 24. and 25. Noverabéd.
The scanned area of the Neusiedler See/Seewintiehabpark
measures 340 Knmand consists of 57 strips. Six of them are
cross strips, which should be scanned at the ehttedlock.
Actually two are missing on the southern and eagtert of the
project area (see Figure 2). Cross strips are eskfatjoining
strips together in one model and help to improviatine
orientation. The point density, which greatly ihces the
accuracy of computed products, is 1,5 points peasgmeter.

The sensors used for ALS data acquisition and fhreperties
are summed up in Table 1. Some parameters aboig fly
mission have to be defined beforehand and consldéueng
flight, so at the end the desired data is availdble post-
processing.

Flying parameters

planned flying speed

65 m/s ~ 126 Kn

planned flying height above th
ground

€1000 m

planned strip distance

450 m

Measurement system — ALTM 2050

laser repetition rate 50.000 Hz
max. scan angle 20 deg
Scan frequency 25 Hz
planned strip width 725 m

planned strip overlap

275 m (30%)

Digital metric camera — Emerge DSS

Array size 4.092 x 4.077 Pixel

Pixel size 0,009 mm

Filter array True colors

Lens Zeiss Distagon 55,
mm, 36° FOV

planned disposition distance 325m

Quantization 16 bit

Resolution on ground

0,17mx0,17m

Table 1. Parameters of planned flight and used osens
(Laserscannermessung ..., 2005).

At the same time as the flight mission, GPS measen¢s with
the frequency 1 Hz were done on 4 ground pointr6@R-79,
KT460-79, KT441-78A2 and KT135-109.

2.2 Terrestrial measurements

For the Neusiedler See project terrestrial measemésnwere
carried out by civil engineer dipl.-Ing. Horvathetdkiedl am
See in August 2005. They are essential for moreisgditting

of ALS strips together and help to improve absobrtentation.
The best solution is obtained, if the control draa a minimum
of three tilted planes with different aspect (Kag04). In the
case of the project 12 control areas were measwial

tachometry on the basis of GPS net. Because otkeofatiited
planes in the south-eastern area of the project,herizontal
planes and additionally height points were meas(Feglire 2).
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Figure 2. Laser scanner stripé - red and greers lared the
control areas - red dots (Attwenger, 2005).

2.3 Processing of the data

The first processing steps were done in Topscan aned
described in detail in the technical report of thmject
(Laserscannermessung, .2005). They joined the ALS data of
three main technologies (GPS, IMU and laser scararat did
the so called georeferencing. The results were@Pdinates of
laser points in the reference coordinate system 84G®hich
were then transformed into ETRS89 and Gauss-Kriigg4 M
coordinate system and interfered to the I.P.F. Néefor DTM
computation. Tasks done at the |.P.F. Vienna wgee
Attwenger and Chalaupek, 2006, Attwenger et al0620
Quality check

Fine georeferencing

Height correction for geoid undulation

Calculating the digital surface model (DSM)
Calculating the digital terrain model (DTM)

Joining the Austrian and Hungarian DTM
Transformation from ETRS89 to national coordinate
system MGI

NouoprwnpE

Computer programs used for processing were SCOP-tentOr
and other program modules developed at the |.RdnnNA.

3. ANALISING THE QUALITY OF DTM
3.1 Local quality parameters

In contrast to global quality parameters, whichakd just for

a certain measuring technique and provide justvahee for the
whole area (see Karel and Kraus, 2006), the locallity
parameters give much more detailed information alRotMs’
quality. In order to consider all factors that irdhce DTM
computation and modeling, and to obtain detaild@oinasion of
DTM quality, I.P.F. Vienna developed a method fdret
derivation of the height accuracy of each grid poifhis
approach has the following properties:

+ It may be used to analyze DTMs existing beforehand.
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« ltisindependent of the interpolation method.

« In the computation of quality parameters, the oagi
data are used.

+ Quality parameters have the resolution of the
individual grid points.

Smi [m]

The factors that influence accuracy of DTM, thataxe looking
for, are according to the I.P.F. Vienna approach:
« The number and alignment of the neighboring
original points.
« The distance of original points to the respectivie g
point.
«  The terrain curvature in the neighborhood of thd gr
point.
«  The accuracy in height of the original points.

They form the input of a simple interpolation methior the

estimation of the accuracy of each grid point ($eeequation Go.d[m]
in Kraus et al., 2005). The final result (DTM quplias well as 2.50
intermediate results (influencing factors or sdezhlquality 0.10
parameters) is easily and clearly visualized. lohsa manner 0.08
the precision of DTMs is confidence-building fordemsers. 0.07

0.06
l:l 0.05
- > max. Smi

3.2 Calculation and results

The calculation of local quality parameters for Kiedler See . L
DTM was done with the prograsigmaDTM.exe, developed at o Al i
the I.P.F. Vienna. Input files aredtm, with the DTM’s grid YR a s KA O
points, and*.xyz, with original terrain points. From the whole Figure 5, Figure 6 and Figure 7). These areas setess and
project’s area | chose 5 squares with a side dizekon. Each  must be pointed out to users. They most often ootwareas
of them has a different prevailing feature like husillage,  with buildings and dense vegetation.

vineyards, fields and wood. Besides the computatioBTM
quality, the objective was to compare quality parters
according to the different features.

Smi [m]

The following five models show the local qualityrameters of
each grid point. Visualization was done within thegram
SCOP and is shown just for th@lage area.

The model of minimum distancebetween each grid point and
its nearest original point

2

@ﬁ r

Figure 3. The colour-coded model of minimum disnc

The model of maximum main curvatureat each grid points (
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Figure 4) shows tiny terrain characteristics lilet Bliminated
low vegetation, outlines of buildings, ditches,réws ... Red
casts show relatively higher areas (DTM goes ug)l@due casts
relatively lower areas (DTM goes down).
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Go.d[m]
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Figure 5) has an a-priori defined lower limit, whim this case
is 5cm. It is determined regarding to post-processiteps,
which include quality checks and fine georeferegairi ALS
strips. The best accuracy is reached where thainds flat and
without vegetation or big buildings (area with fis).
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Figure 5. The colour-coded model of RMSE.

The model of weight coefficient(Figure 6) has values lower
than 1, which means that the accuracy of DTM wall Higher
than the accuracy of the original points, whictacsually our
aim.
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Figure 6. The colour-coded model of weight coedfiti

The model of height accuracy of the DTM(Figure 7) is the
most important result and shows the spatial vamatf sigma
DTM. The computation employs the reference standard
deviation (

Go.d[m]
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Figure 5) and fhé weighi coefficient (liigure 6).this analysis
the sigma DTM varies from 0 cm to +4 cm.
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Figure 7. The colour-coded

By

model of sigma DTM.

4. ANALISING THE INTENSITY DATA
4.1 Intensity measurements

Because the 3D lidar point cloud itself does notluide
information about the object types on which poims located,
intensity measurements are important data for fifiestion of
objects and phenomena in physical space. Colourdcode
intensity value image confirms this, as particulaljects
(asphalt road, grass, building etc.) could be raizegl.
Intensity values have no unit and are relative nnessents.
While the definition in Song (2002) says intenditya ratio
between the received and transmitted strengthsef léght, the
equation for received power in Hug and Wehr (19880 be
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used and simplified, so measured intensity could¢deulated
as,

P _ p*cosé
| =L ="_—""2*konst.
m R RZ (l)
Where

I ... measured intensity

P, ... strength of received signal

P; ... strength of transmitted signal
R ... measured range

p ... reflectivity

¢ ... angle of incidence

Therefore intensity depends on measured range,e aofl
incidence, which is a function of normal on terrand scan
angle, and reflectivity, that is defined for a e@artmaterial for
the laser light wavelength (see the table in Wagh@®d5). The
measured intensity must be normalized for thederfain order
to be used for identification and classificationtbé scanned
features.

4.2 Data

Data available for the analysis were lidar points dirips
(position and intensity) and raw digital photos, dma
simultaneously using laser scanning. From 3D coatés of
lidar points the DTM and DSM were calculated. Thetfone
gives information on how the terrain is changingl amows
relatively flat area — heights are changing justlsycm. The
second model was used as an underlying layer, wddds the
height perception to the intensity data, so we saparate
vineyards, objects, vegetation etc. For the rebeast a
correlation between intensity and main influencifegtors
(equationNapaka! Vira sklicevanja ni bilo mogaie najti.)
additionally polar coordinates were calculated hie program
Orient.

4.3 Analyze and corrigenda of measured intensities

The objective of the analysis was normalizing thiensity to
use it for identifying land use, so we were lookfoga function
f in equation 2.

I, = f(RAA(&), ) @
Range R) is known for each lidar point from polar coordies
Incidence angled] is a parameter of the footprint sizéAj,
which influences intensity. While we analyze intignsfor
terrain features (fields, meadow; roads and virdsjaand in the
case of the Neusiedler See project the scannedirters
relatively flat, it can be simplified that incidemangle is equal
to the scanned angle. Furthermore the scanned asgée
parameter of the measured range, so we can negtect
influence. The biggest influence on measured irntgnsas
reflectivity, which we do not know. Also theoreticaalues,
which are typical for certain materials, can notthken into
consideration, while we are not able to extractnstty values
for a certain feature eg. fields. But since theedility is the
same for one material or at least similar for caredl use, we
presumed that points from two overlapping stripsngd less
than 10 cm apart, have the same intensity valugu(€i8). The
footprint is a minimum 20 cm in diameter.

7N
/ N
s N
/ N
AN N %ry \
7/ N o h AN
1
’ |7 ($)) A
e h o e N
2
146
7
s 7 N )
X terrain

2. strip (SW2)

Identical point

A Y
1. strip (SW1) ‘\
[m], Imz

Figure 8. Geometrical relation between variablesidentical
points.

The identical points were computed in several areés
overlapping strips with the program Matlab. Whildet
measured intensities for identical points are het $ame, we
analyzed the difference of measured intensitieordary to
changes in range (equation 3).
Al m— f (AR) , Ap =konst. (3)
The empirical analysis of different areas showededr
dependency between variablag - and AR (Figure 9).

The equation (3) can be rewritten as,

Al,, =a*AR+b 4)
Now we estimated parameteasand b with the least-squares
method and computed corrections (AR) of the measured
intensity for the rest of the lidar points in therresponding
strip. Because the correction is relative, since wused
variableAR, intensities of one strip do not change
(master) and intensities of another strip (slave¢ a
increased or decreased for the corrections.

150 , . ! : —

-150 ;

1
20 [¢]

20 40 60
& [m]

9.The linear dependency of intensity diffees on
range differences.

Figure

If Al =1_.-1_., then the normalised intensities can
m m,2 m,1

be calculated as,

1. possibility I, (2. strip is master)
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I - |1n=|m,1+A|(AR) ®)
2. possibility |, (1. strip is master)
I, - Iznzlm,z_Al(AR) (6)

4.4 Classification

After the normalization of intensity values for theerage range
we continued with the classification process. Butiihs out to
be unsuccessful. The figure below shows an exaifigol¢he
meadow classification — besides meadows, theralaceroads
and other areas and points that lies on fields.

<10 Classification of green fields
2936}
Fx
B
+  Intensities from 90 to 106 |
2918}
5435 6455
. o e 10
Figure 10. Example of intensity image extractedviaues from
90 to 106.

The described method of relative normalization wlih help of

identical points gives a more homogeneous and aresle
intensity image, but the intensity within certaandl use does
not change much. Normalized intensities of slavipsare just
shifted according to the master strip, so the viatieof intensity

values for certain land use is still too large dhey overlap

between each other, so classification is not ptessib

5. CONCLUSION

The first analysis intended to evaluate the qualitypTM for
the Neusiedler See project. While the area isivelgtflat and
the DTM was calculated from fine georeferencedrligaints,
which means that systematic errors are eliminatedexpected
high quality DTM. The expectations were confirmadrbsults
of local quality parameters calculation. The woBTM
accuracy occurs in the forest and village areagoes up to 4
cm.

Described method of grid point related quality pasgers gives
promising results and fulfills requirements for arleand
understandable information on DTM quality. In figurthat
kind of information should be interfered to the ender
together with a DTM, the better like quality layefidhe most
important layer is a standard deviation for eachl groint,
which gives information about the relative accuracy

The conclusion of the second analysis of measunredsities is
that the data itself includes very important infatimn about
the scanned surface and objects on it, but maryeinéing
factors make it impossible to use it directly. Téfere

normalization is a must. In the case of the NelsieSee
project relative normalization of the measured risty was
done on the basis of identical points. According to
presumptions and simplifications we corrected mesbu
intensities for the influence of the measured rarRRelative
normalization can improve the intensity image tavi@e velar,
and homogenous, but the range of intensity valoes tertain
feature do not change. Therefore the classificati®nnot
successful. In the future we should research thengh of
intensity values, that represents certain featurghis way the
correlation between the intensity and range cowddbfined
directly and more accurately, which would result better
corrections and finally enable (automatic) clasatfion. For the
extraction of intensities that belong to the featumdditional
data would be needed, like digital ortofoto, caddstata,
terrestrial measurements.
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