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ABSTRACT

Thousands of frozen tombs lie scattered acrosgemsiraddling Russia, Kazakhstan, Mongolia and CHiihase tombs, a major
archaeological find dating back to the 1920s, bgltmthe lost Scythian civilization which flourish®500 years ago. Inside the
tombs lie bodies which have often been so well geered in the frozen ground that even the tattootheir skin remain intact.

For thousands of years, the Altai Mountains havenken important passage between the Mongolian azdkk steppes. The area is
a rich source of archaeological infor-mation on pwartial routes and other exchanges between popusatiAs the Scythian
populations inhabited the entire Eurasian Steppetcsting from the Black Sea to Mongolia, the fromembs are a unique source of
information about one of the most intriguing cudtsiof their time.

The kurgans are literally packed in ice. After lreach tomb was covered with stones which formpdrmeable mound. Rainfall
was able to penetrate into the tomb where it fr@eer time, this process created an ice block wipidserved the tomb and its
entire contents.

Climatic change is causing the permafrost in thig pé& Siberia to thaw. With the permafrost that gmeves the kurgans now
gradually thaw-ing, the frozen tombs and their jines contents will soon no longer be packed ini¢tkehat has preserved them for
so long. Permafrost could disappear completelyomesareas of the Altai by the middle of this centéfter 2500 years of perfect
conservation, the remaining kurgans and the insititety provide into the ancient nomad Scythianucaltould be lost for ever. In a
race against time, UNESCO and the University of GlerBelgium are helping teams in Russia and Kazakhsd pinpoint the
location of the remaining tombs to protect thenmfrdisappearing.

Satellite images (Corona, ASTER and Landsat) areghabed to create a cartographical archaeologicatniory that fuses
traditional field work, digital photogrammetry, sHite image interpretation and GPS. The inventifrthe Scythic tombs is based on
photogrammetry of the Corona data, while the stidyh® permafrost is based on thermal images frondkat and Aster. In 2005-

2006, a project put together by Ghent Universityghwthe support of UNESCO and a generous contribuftiom the Flemish
Community of Belgium is continuing this survey, asdnalysing the threats which climatic change ptsése frozen tombs.

1. INTRODUCTION

CORONA satellite photography has been applied in ragve
archaeological survey projects in recent yearsnémy cases,
however, the imagery was not used following thddades of
remote sensing. The aim of this paper is to ovenémd to
highlight some of the errors or mistakes, and tggsest some
solutions.

It is important to realize the complexity of geqgnical data
such as satellite imagery. It appears that archgests
sometimes do not take into account this compleityt use the
data in a wrong way. The intensifying interdisaigliity of the
archaeological research is only to be welcomed; evew
interdisciplinarity also means cooperation and kiedige of the
basic rules of the other sciences involved. Gedgrapnd
archaeology must cooperate, but a geographer is amot
archaeologist, and vice versa.

As a case study, we will discuss a project doneGhent
University, aiming at an archaeological survey obidre Age,
Iron Age, and Turkish monuments in the Altai Mounsa
(South Siberia, Russian Federation and Kazachstasihg
satellite images for mapping and for landscape pnégation.
The Altai Mountains are spread over the territofy four
neighbouring countries: the Altai Republic (parttloé Russian
Federation), Mongolia, China, and Kazakhstan. Theh ri
archaeological heritage of the region is known fragrearly as
the 17th Century. In the 20th Century, the discowefthe
frozen burials at Pazyryk (Altai) (Rudenko, S.I.,709 as well
as the recent finds of frozen graves in Ukok (Al{4B], Berel’
(Kazakhstan) (Polos'mak, N.V. & Seifert, M., 199@nd

Arzhan (Tuva Republic) (Patzinger, H. et.al., 199&ye made
the Altai region quite famous archaeologically. Af these
finds have been dated to the so-called Scytho-@igreriod,
from the eighth to the second Century BCE.

In 2005-2006, Ghent University is a main partneithe first
phase of the international project, “Preservatiérihe Frozen
Tombs of the Altai Mountains.” In collaboration Witlifferent
UNESCO sectors (Culture, Science), and funded by the
UNESCO/Flanders Trust Fund for the Support of UNESCO
Activities, the main objective is the protection thie frozen
tombs in the area and the monitoring of permafrdéth the
support of the authorities of Russia, Kazakhstannh&hand
Mongolia, it may be possible to inscribe these ahla
monuments on the World Heritage List. Until now,
archaeological research in Altai by Russian or Eeappteams
was mostly focused on excavations of isolated mamisnor
the biggest structures of promising sites withouticm
consideration for the context of a monument withisite or the
relation of different sites in the landscape. Sumpmjects were
also set up in the last decade, but the way of mapgtes and
the geographical background is in some cases inategqnd
can be improved with simple techniques, as wedgthonstrate
later on in this paper.

2. THE USE OF CORONA SATELLITE IMAGERY IN
ARCHAEOLOGY

The CORONA satellite is a well-known American espipma
satellite. During the operational phase of CORONAneen
1960 and 1972, more than 100 spacecrafts deliveres
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800,000 high-resolution images, with a resolutia@ing from
40 feet up to 6 feet, depending of the sensor iyfec Donald,
R. 1995). In 1996, a large part of the imagery vedsased and
made available on the Internet, and in 2002 a skpamnt was
released. Since September 2004, the imagery isonget
available as film negatives, but only as digitalagas (scan
resolutions of 23 Micron, 14 Micron and 7 Micronn{yp for
KH-4A and KH-4B)). A database of the imagery canfdnend
on the website of the United States GeographicakiGe
(http://ledcsns17.cr.usgs.gov/EarthExplorer), batithages can
only be ordered by contacting the USGS Customer i&erv
(further details and prices:
http://edc.usgs.gov/products/satellite/declass1)htfheir high
resolutions, their low price per square kilometaext to a
handling fee and the costs for the medium [CD, FTP\D]
one only pays $24.00 for an entire scanned negativell
resolutions), and their high availability make thenvaluable
instrument for scientific research, among othergéography
and archaeology. Another advantage is that the emyadates
from the 1960s and 1970s and becomes a histoooats since
in many areas the landscape has changed drasticathe last
30 years. Almost immediately after 1996, archaestsgstarted
to use CORONA for the detection of archaeologicalaies
During several projects in recent years, anciemidsp ruins,
settlements, irrigation networks, etc. were detbctm the
images and mapped in detail (Kennedy, D. 1998;i?h8. et
al. 2002; Ur, J. 2003, Hritz, C. 2003, Challis, Kekt2003, [5]
and De Meyer, M., 2004.

3. CORONA IMAGERY

In most archaeological survey projects the imagensed for a
strictly visual interpretation of archaeologicalmans in the
landscape. One must, however, not forget that ocexnpl
geographical data needs to be handled in a vegifgpeay. A
close look at the research involving CORONA sateltitagery
shows that, in most cases, the teams did not nekefuthe full
capacity of the documents, or were even makingakist while
handling them. We would like to point out two mairoblems:

They can be summarized as problems of stereoscopy a

problems of image distortion.

The CORONA sensors produce a forward and afterwaagjém
of the same area, with a different viewing anglbe Tmages
from space are recorded in an oblique and conewy--with
a different viewing angle. For CORONA this principie
illustrated in figure 1 showing the forward and eaftard
looking cameras.
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Figure 1. Stereoscopic cameras mounted in the CORONA
satellite, KH-4B (Sohn, H.G., 2004)

Since the Corona images were taken by a panoramierazand

a rotator, the images are characterised by strefgrmations.

These deformations are illustrated in figure 2.
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Figure 2. Image displacements in a KH-4B image, afvam
nadir point (Schneider, Th, et al, 2001).

4. PROCESSING OF THE IMAGES

The deformations in the images and the S-shapddriiis,
cauded by the rotation of the camera in combinatiith the

foreward movement of the satellite, can nowadaysliog@nated

by digital restitution methods and photogrammetrica

techniques. During the restitution process, thelf@es in the
forward image compensate the parallaxes in the viack

image. Other tilt movements are also correctederAthe

orientation process, based on at least 6 but pdglfermore

Ground Control Points (GCP) the two images are madtche

Then, a Digital Surface Model (DSM) is created. sThiodel

can further on be used for geographical analysegppimg of

slopes, river terraces, alluvial plains etc. TheMDB further

used to produce the orthophoto map and contour fMlapse
products have the characteristics of real cartdgcamaterial.
Interpretations and drawings on these ortho images

geometrically correct and can be inserted in a GIS.

5. USED METHODOLOGY

Imagery: DS1110-1152DA052, DS1110-1152DF046:
CORONA KH-4B sensor, mission DS 1110-1, revolution 152
D, negatives A 052 (afterward image) and F 046w#od
image), 30 May 1970.

The negatives were scanned as one image at thieutesof

Photogrammetry and Geolnformation in Hannover with
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Vexcel Ultrascan 5000 with 8 microns pixel sizedab3175
dpi) (geometrical accuracy of 1-2 microns).

For the photogrammetrical restitution of the images need
Ground Control Points: these are points in the daage with
known coordinates in X, Y and Z. As we did not hakes
information, we had to collect the GCP’s in the dieThese
points were collected during field work during suemtime
from 2003 until 2006. These points were collectemhg C-Nav
GPS- technology. (Roscoe, J. 2001).

Overview GPS measurements 2004 - Yustid Valley
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Figure 3. An overview of the GPS measurements énttastid

photographic products is considered to be 1/1thefriominal
photo scale. The CORONA KH-4B negatives have a nominal
photo scale of 1:247,500 (in normal circumstanessilting in a

Figure 4. An example of a part of the Valley ofisth: 3D view
composed of an overlay of the resulting orthophoto
on the generated DSM. The precisely located
archaeological monuments (GPS), visible here on
the river terraces (dots), were added in a GIS.

7. CONCLUSION

Valley during the 2004 campaign. The GCP’s areThe aim of this paper was to present a proper ndetbgy for
spread as much as possible over the total area undthe use of CORONA satellite imagery in archaeological
view, both in planimetrical as altimetrical (steppe research. As we showed with the results of our eégms in
lower valleys, upper valleys, mountains, etc.). Altai in 2003 until 2006, CORONA-imagery is most silite
for archaeological purposes, especially in remotas Used in
the right way (i.e. using both forward and aftevanages and
processing them correctly), the images can formbtass for

In the field, the points to measure with GPS haved carefully
selected: the four most important requirementstose points
are: the production of a Digital Surface Model, an ophoto
- Selection of geographically stable points overlds  without any distortion or parallax, a contour mapgd finally,
40 years (e.g. no river boards as they move froan ye topographical and archaeological mapping at a sale
to year) 1/20,000.
— Need for unique and clear identification of those
points on the CORONA images, on both the forwardTo produce these maps, a certain amount of Groundr@o

and backward images
- Uniform spread of these points over the images

Points is needed. A stand-alone differential GPStesy (as
C&C C-Nav) gives the best and most reliable resblis,when

- Stable positioning with the GPS receivers (more ol€ombining a (cheaper) common hand-held GPS receiitbra

less flat surface).
Corners of old farms (if built before 1969, thusgemet on the
images), crossings of clearly visible tracks anddsand, of
course, the (larger) archaeological monuments taes, often
meet these requirements.

6. PRODUCTION OF DEM'S AND ORTHOPHOTO
FOR ARCHAEOLOGIC PURPOSES

A small-scale map, as background for the archaémbg
information, was developed by importing the imaigea digital
photogrammetric work station. We used the Virtuo¥@
software (Supresoft
Inc.;http://mwww.supresoft.com/english/productsivato/virtuz
o.htm). This program automatically corrects the ges and
shows the stereo-image directly on the computegutth 3D
visualization. After inserting the GCP’s and thedoodinates,
the program is able to calculate the absolute doates of all
the pixels of the imported images, in three dimemsi The
VirtuoZo process results in a complete Digital Suef Model,
an orthophoto (i.e. a corrected photomap) and @&ocormap.
(Jacobson, K., 2003). The resulting map has a s¢dle20,000.
In general, the minimum scale of mapping on theisha$

post processing scheme, accuracies of 1-2 m (p&njjncan

be obtained. It appears that this accuracy is@efft to produce
maps with CORONA KH-4A (best resolution of 9 feetfafB

(up to 6 feet).

We showed that when using CORONA data without any
restitution or correction, as has been done mastiyl now,
unreliable documents are produced that can no¢ée as a true
map.

Concerning the research project, it is our intentmrcontinue
the survey and inventory in other parts of the Aftéuntains.
In this context it is worth mentioning that localthorities are
working out a program to protect this area, andpd@ening to
install a cultural and natural reserve. For thigppse, they want
an inventory of the archaeological heritage in #rea, for
reasons of protection and possible opening to thblip
(cultural tourism). Remote sensing and archaeologyn c
contribute to a better understanding and managemktie
archaeological heritage of this prominent area.
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