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ABSTRACT: In the Nasca region in Peru, there are well known structwaisdcgeoglyphs.
They are approximately 600-1100 years old. About 40 years of herthigeMaria Reiche
(1903-1998) from Dresden investigated these structures. In the 19%buheation of the
Association ,Maria Reiche® in Dresden was founded for extensiorcamighual science work —
flow in the Nasca region. In this frame, expeditions to thel Rere realized (the*INazca-
Expedition was in 1994, next in 1996, 2003, 2004 and this year August 2008). In the 1995
started the Nazca-Project at the University of Applied Seierin Dresden. The origin and
reason of geoglypshs are not well known. There are major teeodakendar and astronomical
purpose, marking pf subterranean water resources, movement andiioatian, ceremonial
and religious signification, working therapy, artistic expressiuoth extraterrestrials influence. In
the last expedition, the measurement of control points for aerades, satellite images by
precise GPS instruments and next, documentation and measurembatiol20 petroglyphs
(paintings on stones) were realised. All information’s aoegssed and stored in Nazca GIS an
HTW Dresden. At the CTU in Prague, a specialised maps rsaitie contents of satellite
images (QuickBird,lkonos, Terra/Aster) of Nasca region wesdiged (2008). Here are stored
processed satellite and aerial images, vectors plans,| digtetion model created from stereo
satellite images and special topographic maps made fronegnéje Nazca-project’s goals are:
storage and preservation of the world cultural heritage inadligitm, presentation of data and
resulting information. The paper refers about partial restlisis work.

1. Nasca mystery

The Nazca desert plateau is heavily covered with numeragyghs. The most interesting are
illustrations of animals, plants and geometric figures, @afbe spirals in different forms. There
are hundreds to thousands geoglyphs in different layers. The |ayemgiyph line is over 9
kilometres long. Many lines crosscut over dry wash without ardiff®e in their orientation,
climb up hills and at the other side they go straight in theesdirection. At first sight you can
see only chaos. Already after a simple survey it is dlear some lines are arranged in a
network with line centres. The lines with constant width of sdvwaetres and without stones
are a speciality. From an airplane they look like runways.cFeation of geoglyphs is easy and
could be explained by the kind of soil. The surface of the Pasnpade of brown rubble with
some ore in it. But some centimetres lower you can find liglttced sediments of old ocean
soil, mainly sand and clay. If you take away the dark rubble fhentop you can clearly see the
light-coloured subsoil. Most geoglyphs were created this wag.rnbt easy to identify the age
of geoglyphs. The creation of geoglyphs is usually assigned to tlueatyderiod of the Nazca
time, which began approx. 200 BC and ended approx. 800 AC. The meanimgpamthnce is
only partly decoded. Some of the lines were probably createstras@mical observation lines,
some are evidently communications. Special drawings like spirasimals probably had ritual
meaning.



The Nazca plain desert with geoglyphs is largely destroybd.dhmages have partly natural
origin (heavy rain storms with an el-Nifio effect cause gredtesosion) and partly human
factor (road construction, car tracks and land use). The darmateslast decades are serious
and it is important to activelynaintain this cultural heritage. The Dresden-born sciebtist
Maria Reiche tried to disclose the secret around the creattbmeaning of the geoglyphs. Her
theory, which says that it is a huge astronomical calendalat&in, has not yet been proved.
But her untiring effort led to the protection of the delicate dgsetures by UNESCO in the
year 1995.

2. Quick Bird

The QuickBird image has a geometrical resolution of 65cngeitrs to be a very good image
material for lines, figures and trapezoids documentation; teexdig problem with finding and
localization of control points. Only special points or situation$ watsolutions of about 50cm
are good enough. For creating good thematic maps, only orthoreditifiéggts must be used.
There is necessary to use DEM with appropriate resolutions.
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Figure 1. Comparison of Quick Bird pan-sharpened image and ana&teairphotos converted
to mosaic



3. Aerial images

In this project, only amateur oblique aerial photos were used. Al8uimages were taken in
2004 and 2008. The most popular parts were transformed by usirgjriakrnmeasurement or
QuickBird images to the plans. Geometrical resolution is ab@dt5cm.

Figure 2. Mosaic from aerial images

4. ASTER/TERRA

The first Earth Observing System (EOS) satellite calleda (previously AM-1, EOS AM-1 -
Earth Observing System Ante Meridian) was launched on Decemp&®98. Its ground track
repeat cycle is 16 days. Data are acquired by passive instisjmdich sense the reflected and
emitted radiation. The satellite carries five instrumettie most used in land-use and land-
cover is ASTER. ASTERAdvanced SpaceboifhermalEmission and ReflectioRadiometer)

is a 14-channel high resolution imaging radiometer which meadoxgs$ groperties, vegetation
index, surface mineralogy, soil properties, surface temperatndesurface topography, it is also
used for monitoring of natural disasters; it has three detestiiosystems:



Visible Near Infrared (VNIR) — this subsystem works in visibled near infrared 3

bands, it has an adjustable swath witl®4 degrees; two telescopes (a nadir looking and

a backwards looking one) enable a stereoscopic reconstructioni@sdbm)

Short-wave Infrared (SWIR) — captures mid-infrared dathéhnels, resolution 30m)
Thermal Infrared (TIR) - captures thermal infrared d&tehannels, resolution 60m)

Figure 3. Localization of Pampa de Nasca with geoglyphs arERS]ata

The sensor capturing a backwards-looking image for the third MNIRI creates an extra
channel of image data. So for the image band three there exest®adir) image channel and
also a backwards looking (off nadir) image channel. This createdong-track stereo effect. A
DEM created from ASTER imagery can be expected to hateastical vertical accuracy of
approximately 25 meters. Although in areas with less vegetatioranrmade features, this can
rise to two times better (approximately 12 meters). Ihedfore useful for small to medium
scale mapping applications, 1:50,000 to 1:100,000. The experiméhtsreating DEM in the
Nasca region in Peru give expected results. The software Gear(Ra€CI) version 10 was used,;
about 45 control points were first measured from old (1964) topographic neagppsbout of 80
in the field-measured control points were measured directlyeirPdru. Trimble GeoExplorer
instruments were used in base — rover configuration (precisionpais&processing was 0.4-
0.8m in XY coordinates and 0.6 to 1m in heights). The position accufacyeated digital
surface models is similar (up to 15 m), i.e. approx. 1 pixel{Heuelevation accuracy is varying.
It depends on the distribution and the quality of control points, viegetgoractically no
vegetation is in this area) and terrain configuration. Elemagtandard error of the model does
not exceed 20 m. Nevertheless, the elevation standard error oblcpaints listed in the
computation protocol is about 30 m for both models. The comparison atedr®EM from
Aster data set (year 2005) with topographical maps and SRTM meplelsenting the same
area showed that the models highly resemble only in areas peitlifis elevation — in warped



land 100 500m about see level (in the mountains there are ditgrddferences, more than 100
m). Using DEM it is possible to create the ortophoto.
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Figure 4. Epipolar image (3B) and isolines in mountain érgarval 25m)



Figure 6. DEM from two scenas and isolines detail (irake25m)
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