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Abstract

Satellite images can be utilised for observingisiaif changes, espe-
cially efficient in the monitoring of larger area$he comparative
analysis of high resolution images from earlieriqus with recent data
can provide insight in the scale of changes in gogehy, and with
meteorological, hydrological and other historic aiets, can lead to
better understanding and more reliable modellinghef predominant
processes causing mass movement.

More accurate morphometric and visual analysishef tbpographic
changes is possible using digital surface modeMpSvhich can be
obtained from satellite stereo images. In this paghe authors evalu-
ated methods of creation digital surface modelgsiobt from satellite
images from the CORONA program in monitoring suaficmass
movement processes in the FruSka Gora mountainiarte southern
part of the Vojvodina province in Serbia. This aisaof particular
interest because of its favourable geographic imecatich geo- and
cultural heritage and increasing demand for exgfioin, which results
in greater impact of natural hazards.

The CORONA images were chosen because of goodabiliy of
high resolution coverage for the whole area from pieriod of past
four decades.
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INTRODUCTION

By 2002 the Department of Geography, University of
Novi Sad managed to establish bilateral relatioith w
the Department of Physical Geography and
Geoinformatics at the University of Szeged, Hungary
which opened up the possibility of mutual geomorpho
logical studies via the application of geoinforroati
tools. One major aim of this research project wees t
creation of a digital elevation model of the stumhga
using reliable, yet the oldest available data sesurd his
model will be compared to a model recording the mod
ern conditions of the area in order to evaluate past

readily purchased of the study area. The preseiaty st
gives an overview of the analysis of these imageisthe
extraction of the DSM using the elucidated inforiomt

STUDY AREA

The study area located along the river Danube nwmirth
the FruSka Gora is very similar in morphology t@ th
loess areas of Paks and Dunaféldvar, in Centralgelun
ry. These loess-covered Pleistocene surfaces bbcate
along the rivers are frequently subjected to laddsl
and mudslides. Although a detailed geographic suofe
the mentioned study area was implemented as early a
the end of the 19th century, these studies areatohmto
the complex geomorphological studies implemented on
Hungarian loessy areas. Thus there are no historica
records available for the observable landslideshef
area. The only option for understanding the dynarmic
these mass movement processes is to find informatio
sources, enabling the preparation of digital elewat
models for the past 40-50 years and compare theém wi
those prepared on the basis of modern field data.
Satellite image analysis can yield limited residts
the investigation of certain surficial processésnks to
their periodic nature characterized by a relativelyger
stasis. The only exception might be the relativelgent
landslides, where high resolution images of theaéd
area prior and after the events are readily avieilakre-
as along the Danube frequently subjected to ladhessli
(e.g. the vicinity of Dunaftldvar) have enjoyed ruc
attention by geomorphologists during the second dfal
the 20th century in Hungary, primarily related twet
works of Pécsi (Pécsi M. 1991). These landforms are

changes. This new modern model is based on data redrequently observable in the Lower Danube areae-esp

orded during field surveys and gained via the asislgf
recent high-resolution satellite images.

For the accuracy of the investigations aerial photo
graphs and satellite images used in the study hayws a
spatial resolution of at least 3 m. Such photos iaral)-
es are lacking from Serbian official sources. Hosvev

cially in the vicinity of the city of Novi Sad anthe
northern foothills of the FruSka Gora (Tarcal orlé®
Hills). Unfortunately, no matter how close this i@y
was to the area of present day Hungary, the knality p
ical and other tensions; for example, war prevented
Hungarian experts from joining the geomorphological

we have come across a database of former CORONAInvestigations of the area.

spy satellites, where stereo image pairs could baea
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Table 1The main features of the cameras and film used dur-
ing the KH-4B mission (Dashora A. et al. 2007)

A stereo image analysis is somewhat hampered by
the fact that parameters necessary for interie@nbakion

is only partially known and exterior parameters aoé

System Corona KH-4B ! ! :
Time of recordin 08.02.1969 available for the CORONA images. Thus it was neces-

— 9 i sary to review processing methods available forGfe
Mission no. 1106 RONA images in the literature.

Orbit height 150 km As part of the IMPETUS project (Altmaier A. —
. Kany C. 2002) DSM was prepared for an area of 88. 1
Camera type Panoramic ; :
y? - ! km? using stereo images of the CORONA KH-4B satel-
Angle of twin cameras 30 lite over Morocco. To derive the ground controlmisia
Focal length 609.6 mm differential GPS technique was applied with an aacy
Film type Panchromatic of 10 cm inx, y andz directions. Schenk T. et al. (2003_)

- - - set up a camera model for the KH-4A/B systems using
Film resolution 160 line/mm collinearity equations. The derived algorithm wastéd
Actually usable film size 55.37 x 756.9 mm using calibration points gained from a KH-4A stereo

(mm x mm) image pair and regular topographic maps of theystud
Area covered 14x188 km area. Field accuracy was tested via affine andromhyj-
Scale 1:247500 al transformation of the studied images.
Field resolution 183m Bayram B. et al. (2004) were tracing shoreline

Fig. 1a-bThe Fruska Gora hills and a landslide affected are
on the right banks of the river Danube
(SE of Novi Sad as seen on the CORONA image of
08.02.1969 (40x17 km)

APPLIED MATERIAL

In February 1995 US president Bill Clinton (199%) e
empted from secrecy in a special resolution thellgat
images taken by the spy satellites CORONA (KH 1-4),
ARGON (KH-5), and LANYARD (KH-6). The resolu-
tion disclosed more than 860,000 images taken legtwe
1960 and 1972. These images are open to the parudic

changes near Istambul using a CORONA image taken in
1963 and panchromatic SPOT-4 and IRS-1D images
taken at the end of the 1990s. For the rectificatibthe
KH-4A image pairs affine, projective and rubber ethe
transformation methods were applied and evaluated i
terms of field accuracy. All three studies arrivedthe
conclusion that CORONA images, in the form of stere
pairs are suitable for tracing surficial changes tle
past 30-40 years, yielding sufficient accuracy #mit,
comparable to modern high resolution satellite iesag

METHODS

Processing of satellite stereo images

Several time periods were found in the archive haf t
USGS (08.02.1969, 26.05.1972), when stereo images
were taken for the mentioned study ar€able ). From
these the ones taken in 1969 had no cloud cover. Th
ordered negatives were scanned by colleagues of the
Ministry of Defence Mapping Company at a resolution
of 12 um (Figs. 1la-B. In 2003 a single negative roll
costed 18 USD.

For processing the ERDAS OrthoBase Pro digital
photogrammetric software pack was utilized, and an
approximative aerial triangulation result was fowsihg
such parameters as focal length, orbit height, filsel
size and ground control points. Perfectly accucaien-
tation requiring extreme computation power was fprac
cally unachievable (Schenk T. et al 2003). This wais
our ultimate goal however, as we mainly aimed oorkw
at deriving usable morphological data suitable tfose

can be ordered from the USGS using the homesite ofpreparation of digital surface models for geomotpbie

USGS EarthExplorer.

cal studies from these images, in an efficient and-
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Fig. 2 The absolute orientation of tiEORONA images using ground control points

nomic way to meet the expected accuracy requiresnent able coordinate transformation method for studying

as well. dynamic surface changes is a task to be solvedhan t
The next step was the relative orientation of tee s  future.
reo image pair with using ca. 40 tie points. Theoamat- After the assignment of suitable control and tie

ic tie point generation method yielded no suffitien points, an aerial triangulation was implementechgisa
amount and quality of homologue points as the winte
images were taken among conditions of partial glfic
snow cover. The automatic matching algorithm thus
could not identify homologue points on larger homog
nous snow covered areas. In these areas tie poars
measured manually.

For the exterior orientation, ground control points
were recorded in the mountain and its foothillsngsi
relative rapid static GPS measuremerfeég.( 2), the
basis point was set up on the roof of the buildiogting
our department at Szeged.

The length of the baseline was ca. 145 km, ensur-
ing a good accuracy for the image analysis. On the
satellite images taken 36 years ago ca. 30 interest
points were identified at crossings of paved roams,
the trajectory of creeks charging into the rivemDie,
and rails of bridges crossing the creeks and canals
charging into the Danube. A good ground controhpoi
was found near the Iriski-Venac Monument located in
the central, highest part of the FruSka Gora, which
monument managed to survive the 1999 NATO bomb-
ings, unlike the TV tower, which stands as a stngni
and saddening memento of futile clashes from the cl
sure of the 20th centur¥ig. 3).

The transformation of the GPS coordinates to the
local reference system was not without any diffiesl
An approximating solution was found to this problem
(Timar G. et al. 2002, 2004). The development ofla Fig. 3The Novi Sad TV tower in 2004




self-calibrating direct linear transformation ofdr by
the program (Altmaier A. — Kany C. 2002). This rmeth
does not require the knowledge of either the ioteri
orientation data of the camera or the predicte@redt
parameters. After multiple runs and the evaluatibthe
residuals for tie and control points as well as RS
error values, the best outcome was chosen via redimi
tion of points yielding the largest error from themer-
ous iterates.

Extraction of DSM

After this, a digital surface model (DSM) was gexted.
The algorithm was basically congruent with thatduse
during the automatic tie point detection. Correlatis a
frequently applied approach in photogrammetry fiodf
ing the common tie points of two images. Automatic
DSM generation is achieved by a combined applioatio
of correlation calculations and tie point idengfion in
digital photogrammetric software packages.
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points of the adjacent images. The higher the vtee
greater the similarity is (0.8-1).

Strategic parameters influence the success and ac-
curacy of transformations. The most important paam
ters are those of the sample and search window aizeé
the chosen correlation coefficient.

RESULTS
Accuracy assessment

A raster DSM image of 5 m grid size was createdter
entire areaKig. 4), an ESRI3D shape file of ca. 450000
points. Furthermore, to set the most optimal progra
values a raster DSM of 2 m grid size was also gdadr

for the south-east foothill area, and used foriprieary
studies of the slopes with mass movements directed
towards the Danuberigs. 5a-¢. In order to determine
the exterior accuracy of the aerial triangulatiomd a

Using the query operator a series of feature pointssurface modelling methods, a new series of DGPS
was determined on the images under study. Featuremeasurements is needed. Interior accuracy statistic

points are the center points of a window with ataele
greyscale and contrast values. Feature pointseoattier
hand are also object points marking a single obgct
road crossing, bridge rail, monument etc. After tlee
termination of interest points on a single image, ¢or-
responding points are also identified in adjacerdges,
including the corresponding objects (Lee H. Y. kbt a

2003). The next step is the calculation of cross-

correlation between the sample window and the kearc
window. The sample window is on the reference image
while the search window is on the adjacent imageaA
interest point on the initial image might have sale
corresponding tie-points on the adjacent image ptioe
gram calculates a correlation coefficient for eacitable
set of corresponding points. This coefficient exges
the rate of similarity between the correspondirtgnest

7390000
1

might be helpful in the evaluation process. In fimal
solution every single tie points (GCP) had to bedudue
to the large spatial extent of the study area. He t
iterative runs, a single GCP was left out and idiext as
verification point. The residuals received for thes
verification points always fell within the range of
acceptable error in all three X, Y and Z directicaas
depicted orTable 2.

The calculated error values were compared to the
exterior accuracy values of the known publishedistl
The verification results of two studies are depicte
Table 3.Altmaier A. and Kany C. (2002) used DGPS
measurements to check the accuracy of 120 poithite w
Schenk T. et al. (2003)sed1:24000 topographic maps
and 20 points to verify their results of image sg&.
When we look at the findings of their and our stgdive
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Fig. 4 A DSM of 5m grid size of the FruSka Gora (coordénsystem: Gauss-Kriiger, Yugoslavia)
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can conclude that the digital photogrammetric asialy ble with other section drawn by Pécsi M. (1979) at
of CORONA KH-4A/B satellite images generally yiedld  Dunaféldvar Fig. 6¢ Hungary. Comparing this old
vertical accuracy of 10-25 and a horizontal accprac section with new, field measurements it can be dsed
below 10 m. Considering the relatively low cost of the calculation of speed of landslide processes.

images and the relatively large area covered hiynage
pair subjected to study, these findings are rather
satisfying.

Table 2Residuals received for aerial triangulation, DSM-ver
fication for the surficial interest points expredse meters

Aerial DSM DSM 3D
triangulation img shape
X Y z DSMZ-GCPZ
minimum| 0.6 | 4.4| 3.4 2 5.3
maximum 15.5|12.9/24.9] 25.1 27.1
average | 6.7 | 8.0| 8.6 10.7 13.7

Table 3Collective results of accuracy studies in referseuks
(Altmaier A. — Kany C. 2002, Schenk T. et al. 2003)
Average
DSM Z -
X Y z DGPS z
Aerial triangulation
for two models 2458 2577 122156 -
(A. Altmaier) ' ' '
Aerial triangulation
6.2 | 56| 12.34 -
(T. Schenk)
DSM
(A. Altmaier) i i i 9.7-13.3

Possibilities for spatial visualization and othesas - : - : .
Figs. 5a-cA virtual image of the study area derived via the

Using the oriented model and the gained DSM, an combination of an orthophoto and the DSM of 2 nd gize
orthophoto of the study area was generated witisa-r (photo: Mészaros M.)
lution of 2x2 m using the OrthoBase program. Thetena
DSM was used as an input into the ERDAS VirtualGIS
module, orthophotos and other vector layers lika-co
tour-lines were placed on the surface model. ThMDS
3D shape points were evaluated using ERDAS Steredt
Analyst module, using an anaglyph and real spaisal- L
alization approach, and StereoEyes liquid crydadggs. _
The available vector overlays were applied on the If!
DSM to check the real spatial orientation of theivrd-
ual data points. 2D vectorial overlays can be gashs-
formed into 3D overlays in most 3D image processing |-~
systems. The attribute tables can be individuall+ d
played and edited during the evaluation process. e
The DSM of 2 m resolution is also applicable for © A% sl e
geomorphological investigations. One cross-sectvas Fig.6aLandslides on the Corona image on the riverbank of
drawn according to DSMHg. 6a-b, which is compara- Danube east to Fruska gora

<4
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Fig. 6b Cross section of landslide markedkig. 6a

Fig. 6c The Dunaféldvar river-bank landslide to the Sk t
Danube’s 1560 km mark (Pécsi M. et al. 1979)

1=loess sequence in primary position (autochtonous)
I1=loess recently displaced by sliding; [2=waste ezrlier
slides; hl pale pink sandy loess; o=talus; z=ehghp and
Pannonian clay arising from the Danube’s bed;
fl=fossil soils; ta=dark grey clayey loam soil; Pamnonian
clay; va=red clay, cs=sliding plane

SUMMARY
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Furthermore, to set the most optimal program vakes
raster type DSM of 2 m grid size was also generéied
the north-east foothill area. The geometric resmfutvas
adequate enough to visualize such geomorphological
phenomena as land slides, erosion valley, etc.

References

Altmaier A. — Kany C. 2002. Digital surface modehgeation
from CORONA satellite imagedSPRS Journal of Photo-
grammetry & Remote Sensif§: 221-235

Bayram B. — Bayraktar H. — Helvaci C. — Acar U. 2004.
Coastline change detection using Corona, SPOT and RS
images. International Archives of Photogrammetry and
Remote SensingXXV(B7): 437-441

Clinton W. T. 1995. Release of Imagery Acquired bya&p
Based National Intelligence Reconnaissance Systems -
Executive Order 12951 of February 22, 19¢%&deral
Register/ Vol. 60, No. 39 / Tuesday, February 28, 1995 /
Presidential Documents 10789-10790

Dashora A. — Lohani B. — Malik J. N. 2007. A reposijt of
earth resource information - the Corona satellitgmamme.
Current Scienc®2/7: 926-932

Lee H. Y. — Kim T. — Park W. — Lee H. K. 2003. Eadtion of
digital elevation models from satellite stereo imsaghrough
stereo matching based on epipolarity and scene efepm
Image and Vision Computirfl/9: 789-796

Pécsi M. — Scheuer Gy — Schweitzer F. 1979. Engimge
geological and geomorpholigical investigation afidalides
in the loess bluff along the Danube in the Greahd#uian
Plain.Acta Geologicacad. Sci. Hung22/1-4: 345-355

Pécsi M. 1991. Geomorfologia és domborzatisités, MTA
Budapest: MTA. 296 p.

Schenk T. — Csatho B. — Shin S. W. 2003. Rigorousraamio
camera model for disp imagery. ISPRS Hannover Wanixsh
In proceedings of ISPRS Hannover Workshop 2003
www.ipi.uni-hannover.de/fileadmin/institut/pdf/satiepdf

Timar G. — Molnér G. — Pasztor Sz. 2002. A WGS8#HBF2
alapfeliletek kozotti transzforméacié Molodensky-Bkas-
féle (3 paraméteres) meghatarozasa a gyakorlat &aam
Geodézia és Kartogréafiad/1: 11-16

A DSM of the FruSska Gora was prepared using Timar G. — Aunap R. — Molnar G. 2004. Datum transtation
photogrammetric approaches and field GPS records. parameters between the historical and modern Estogeo-
Corona stereo satellite images were not applied in detic networksEstonia Geographical Studi€s 99-106

Hungary before to create DSM. A raster type DSM
image of 5 m grid size was created for the entieaa
with an ESRI 3D shape file of ca. 450,000 points.



