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1. Abstract

Theincreasingly intensive use and modification of the
landscape as aresult of modern demands for efficient
infrastructure and land use (agricultural production,
mining, energy sources, leisure/tourism facilities) exerts
growing pressure on areas and sites associated with our
cultural heritage. The use of modern support technolo-
giesisimperative, if such rapid changes are to be bal-
anced against the sustai nable management of thisre-
source.

At present, cultural heritage legidation and management
is based on expensive and technologically conservative
methods of field survey which underpin regiona and
national registers of cultural heritage sites. Theseregis-
ters are flawed and contain not only a biased sample of
sitesin respect to period and region, but also include
only atiny fraction of the total population of al sites
which should be included in management strategies.
Thislack of reliable data not only hampers redlistic
forecasting, but also causes costly delays and introduces
unnecessary conflicts.

This project directly addresses these issues by initiating
the development of abasisfor asustainable, up-to-date
and cost-efficient decision-support methodology which
relies upon satellite remote-sensing, mapping and moni-
toring of cultural heritage sites. A central methodol ogi-
cal element is the development of high-resolution
empirical ground data, which facilitate fast and cost-

efficient identification of potential cultural heritage
anomalies identified in the multispectral data.

Results obtained in the 2001-2002 pilot project indi-
cated the existence of a correlation between cultural her-
itage sites and variation in the chemical elementsin the
soil. One central focus of the 2003-project module was
to test the possibilities for establishing a concrete corre-
spondence between the observed anomalies interpreted
as possible cultural heritage sites and high-resolution
field data to support a distinction between the anomalies
that represent cultural heritage sites and those that repre-
sent geological phenomena, modern disturbances, etc.
The results demonstrate that high-resolution geo-chemi-
cal sampling appears to be apromising field for the de-
velopment of cultural heritage indicators.

The strategy suggested for further development involves
two main elements: 1) the development of methods for
distinction of anomaliesin satellite images that can rep-
resent cultural heritage sites and 2) the development of
ground methods such as soil chemistry to verify or re-
ject the character of such anomalies as cultural heritage
sites. These two elements should develop in afeed-back
relation with each other to facilitate a precise targeting
and mapping of cultural heritage sitesthat can serveasa
basis for a considerably improved monitoring of the cul-
tural heritage and accordingly as an important support
technology for the cultural heritage administration.



2. Introduction

2.a. The problem in focus

It is generally recognised that the increasingly intensive
use and modification of the landscape resulting from
modern demands for efficient infrastructure and land
use (agricultural production, mining, energy sources,
leisure/tourism facilities) exerts growing pressure on
cultural heritage in the landscape.

In order to match the political intentions of updated and
sustainable cultural heritage management, a necessary
first step isto create a representative picture of the re-
source that has to be managed. In Norway, where exten-
sive white areas are till to be found on cultural heritage
maps, where the registered cultural heritage sites display
an unrepresentative concentration in areas with high hu-
man activity; and where the registered positions of the
sites can easily be 30-40 metres from their true location,
it is obvious that something has to be done in order to
achieve even thisbasic goal.

In recognition that a) it will never be realistic to obtain
funding for thorough survey and monitoring of the enor-
mous tracts in question using traditional field-survey
methods, and b) there is a demand for access to repre-
sentative and comprehensive cultural heritage datato
create a basis for the development of aflexible and up-
to-date cultural heritage management, the Norwegian
Space Centre (NRS) and the Norwegian Directorate for
Cultural Heritage (RA) decided on the basis of a pilot
project (2001-2002) to prepare the ground for the devel-
opment of survey and monitoring methodol ogy involv-
ing multispectral satellite data (Gregn and L oska 2002).

The project’s aim is to devel op a cost-effective method
for locating/mapping and monitoring cultural heritage
sites. The costs of systematically surveying areas of the
scale involved here by means of conventional fieldwork
provide the incentive for the development of alterna-
tives. Depending on which field methods are employed,
and the type of landscape surveyed, costs for conven-
tional fieldwork will normally be around 250,000 Nor-
wegian Crowns (NOK) per square kilometre. In com-
parison, high-resolution satellite data cost less than
NOK 1,000 per square kilometre, afraction of conven-
tiona fieldwork costs.

Even though the costs connected with the processing of
the satellite datawill not be insignificant, and fieldwork
can probably never be entirely replaced by high-techno-
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logical methods, it seems plausible that an essentially
cheaper, and possibly even qualitatively better, method
for the surveying and monitoring of cultural heritage
sites can be developed by using multispectra satellite
data to target the fieldwork to a degree not possible to-

day.

One central focus of the 2003-project module has been
to test the possibilities for establishing a correspondence
between the observed anomalies interpreted as cultural
heritage sites and high-resolution field data to support a
distinction between the anomalies that represent cultural
heritage sites and those that represent geological phe-
nomena, modern disturbances, etc. The results demon-
strate that high-resolution chemical sampling appears to
be apromising field for development of cultural heritage
indicators.

A second aim has been to assess the possibilities for ap-
plication of pattern recognition to the interpretation of
satellite data. Also, thisfield seems promising as atech-
nique that can be built into a management system for
cultural heritage.

The most urgent problem in today’s cultural heritage
management isthe ‘invisible’ cultura heritage siteswith
no directly visible physical features preserved that are
located in the agricultural fields. This group seemsto
contain asurprisingly large fraction of the prehistoric
settlements, but also of the earth-built burial mounds,
roads, graves, etc. (Gren and Loska 2002), that are more
vulnerable than, for instance, mounds with a base con-
sisting of bedrock and mounds built of large stones. In
spite of their lacking visibility, such cultura heritage
sites can have significant features preserved under-
ground and therefore represent an important heritage
potential. Also, as corrections to the misleading picture
of the prehistoric cultural landscape, the visible cultural
heritage provides us with a mapping of theinvisible
siteswhich isindispensable.

A second urgent problem is to gather information about
the speed and character of the degradation of the differ-
ent types of cultural heritage sitesin relation to their to-
pographical situation, the sediment typesthey arelo-
cated on, the types of agricultural activitiesthey are
exposed to, etc. Apart from being a qualified candidate
for representative mapping of cultural heritage sites,
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satellite technol ogies should also be well suited for the
development of methods for long-term monitoring of
the preservation status of the cultural heritage sites.

As acost-efficient support technology for the cultural
heritage administration that can provide reliable infor-
mation about the representative distribution of the dif-
ferent types of cultural heritage sites down to the small-
scale level, the method under development should
facilitate a significantly more efficient and flexible as
well as cheaper planning processin relation to, for ex-
ample development projects than is possible today. An
additional development of methods for monitoring of
the preservation status of the cultural heritage sites will
add afurther important facet to the administrative facili-
ties.

2.b. Aims

The aims of the 2003 pilot project were:

e Tolook for relationships between anomalies visible
in multispectral satellite data and ground features
that can be distinguished by soil chemistry, metal-
detectors, and vegetation analysis.

e To evauate the practical potential pattern recogni-
tion for locating cultural heritage sites.

e Toobtain and interpret a new high-resolution satel-
liteimage (Quickbird) from the study area.

e Tosuggest astrategy for further nationa initiatives
inthisfield.

an additiona pointis:

» Collaborate with and communicate the results to the
local population, administration, and relevant cultural
heritage societies and institutions in the study area.

2.c. Project organisation and funding

The 2003-project was funded by The Norwegian Space
Centre (NRS) http://www.spacecentre.no/, and the Nor-
wegian Directorate for Cultural Heritage (RA)
http://www.riksantikvaren.no/, with additional project
funding from the Norwegian Institute for Cultural Her-
itage (NIKU) http://www.ninaniku.no/ and the Norwe-
gian Computing Center (NR).

Project leader is Ole Gran, NIKU. The Steering Com-
mittee consists of Guro Dahle-Stram (NRS) and Anna
LenaEriksson (RA). The project leader acts as counsel-
lor for the steering committee.

The project participants are Ole Gran, NIKU, Anke
Loska, RA, Hans Tammervik, NINA (Norwegian Insti-
tute for Nature Research), Lars Aurdal, NR (Norwegian
Computing Centre), and Finn Christensen, GK
(GeoKem).

Apart from the officially defined project elements, an
important factor in the fieldwork has been the collabora-
tion and helpfulness of the loca landowners, Rygge mu-
nicipal administration, aswell asthe Cultural Heritage
department in @stfold County Council.

2.d. The study area

The study areaisan 11 by 11 km large square in Rygge
Municipality, @stfold Fylke. In WGS-84 UTM co-ordi-
nates this is 592626-603618 E, 6575139-6586131 N
(system 32). It isatypical, intensively exploited, agri-
cultural production area with a quite moderate topogra-
phy in Norwegian terms. With the exception of afew
protruding ridges and rocks, the landscape is flat and
hilly. Areas not occupied by fields and not covered by
forests form an extremely limited proportion of the area.

2.e. Methodological choices
and limitations

Whereas the application of radar images and hyperspec-
tral data are discussed as potentially useful methodsin
the project, itsimmediate focus is on multispectral im-
ages, because they have aready proved their usefulness
in relation to cultural heritage site localisation and mon-
itoring (Gran et a. 1999; Holm-Olsen et a. 1999; Shen-
nan and Donoghue 1991).

With regard to landscape types, the focusis on agricul-
tural field because 1) the cultural heritage sites here are
more exposed to damage than in the other landscape
types and 2) the possibilities for observation are better
than in other landscape types. It appears that the density
of registered cultural heritage sitesin agricultural fields
islessthan 2% of what it could have been (Gren and
Loska 2002).

Fig. 1 The study area is approximately 11 by 11 km in size
and covers a part of Rygge Municipality, @stfold County. The
locations of the sites analysed is shown in the satellite image
(IKONOS - copyright: Space Imaging and the Satellite Data
Archive of the Norwegian Mapping Authority).
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3. Verification of observed anomalies as cultural heritage sites.

Essential for the use of satellite data for detecting and
mapping cultura heritage sitesis the availability of a
cost-effective field method that can confirm or reject the
character of the anomalies distinguished in the satellite
images as potentia cultural heritage sites. The 2003-
project has demonstrated that soil chemistry isa candi-
date with asignificant potential. The information about
the chemical signatures of different types of cultural
heritage sitesisimportant as feed-back data for thein-
terpretation methods during their development, and after
the development phase a catalogue of chemical signa-
tures will open for new possibilities for fast and cheap
verification of potential cultura heritage sites.

3.a. Soil chemistry

The 2003 project took its starting-point in the basic as-
sumption that a high level of human presence within a
restricted area (settlement, burial mound being con-

structed, etc.) will have along-term impact on the chem-
ical composition of the soil (Gren and Loska 2002).
Even though the physical features of cultural heritage
sites are no longer observable on the surface, they will
often be preserved as distinguishable chemical anoma-
lies. The accumulation of waste (bones, vegetable ele-
ments, etc.) will cause the formation of significant con-
centrations of phosphates (P), iron (Fe), etc. In houses
the clearing out of waste from the inside will often cre-
ate an inner zone with only small concentrations of
‘garbage-related’ chemical components, whereas these
can appear in high concentrations outside. The construc-
tion of burial mounds, clay-plastered house walls, etc. is
also likely to involve the introduction of ‘foreign’ chem-
ical components or local chemical componentsin un-
usual concentrations, so that it should actually be possi-
ble to distinguish these physical features on the basis of
their chemical signatures. In 2001-2002 a promising
correlation between supposed cultural heritage sites and
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local variationsin the iron and phosphate content of the
plough-soil and the sediment immediately below it
could be observed.

To improve the quality of the soil-chemistry data, the
resolution was reduced to 1-2 m and it was decided to
cut all smaller anomalies with two profilesinstead of
only one to improve the spatial quality of the informa-
tion. It was furthermore in some cases decided to cover
anomalies assumed to represent well-defined units with
grids with 2 m between the points. Samples were a-
way's taken both from the top of the plough-soil (30-40
cm thick) and from the sediment 5 cm below the plough
horizon to get some idea of the effect of minerals artifi-
cialy added to the soil and the horizontal displacement-
effect due to ploughing. If the sediment below the
plough soil was humic or looked asiif it might be
coloured by cultural activity athird sample was taken 40
cm below the bottom of the plough-soil.

Altogether, 1570 samples were taken for analysis. At-
tempts will be made to speed up the process of sample
taking. Each sample was andysed for: phosphates (P),
iron (Fe), zinc (Zn), copper (Cu), lead (Pb), manganese
(Mn), nickel (Ni), chrome (Cr), cadmium (Cd), and alu-
minium (Al). Only P, Fe, Zn, Cu, and Mn werefound in
measurable quantities. Variationsin particle size and or-
ganic content have furthermore been analysed on an ex-
perimental basis. The sample size was so large that further
analysis can be carried out, if that should be of interest.

The anomalies sampled were mainly chosen in onefield
of Gipsund Farm where an extremely high concentra-
tion of well-defined anomalies can be observed, but also
in acouple of other fieldsin the vicinity. NIKU was re-
sponsible for the sampling and the field observations,
whereas GeoKem, Denmark, carried out the analysis of
the samples.

3.a.l. SteA, Gipsund Farm: The anomaly, site A, which
wasinterpreted as a house, was covered by a2 by 2 mgrid
measuring 30 by 14 m and containing 128 points.

The phosphates (P) below and in the plough-soil show a
north-south orientated, approximately 22-25 m long, and
5-6 m broad feature with a significantly low concentra-
tion of phosphates (P) compared to the surroundings —
especialy toitseast (fig. 3 B-Pand T-P). Thisfitswell
with what one should expect for the inner part of a house.
The orientation of the feature deviates approximately 20°
from what was expected. Below and in the plough-soil,
iron (Fe), zinc (Zn), copper (Cu), and manganese (Mn)
show the same low concentration inside the southern end
of the feature — some of them with asmall concentration

Fig. 2 Site A, Gipsund Farm. Samples were taken in a grid
with 2 m between the points in an area covering feature A,
which was interpreted as a prehistoric house. The plan to
the left shows equidistant contour lines for the phosphates
below the plough-soil, with a focus in the colour signature on
the interval from 300-550 ppm. Co-ordinates in metres in
UTM system 32. The picture to the right shows the position
of the site (IKONOS - copyright: Space Imaging and the
Satellite Data Archive of the Norwegian Mapping Authority).
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inside the feature’'s northern end. Some of the variation
patterns seem to indicate the position of awall line
around the feature — for instance the long N-S orientated
high concentration that can be observed immediately to
the east of the suggested house feature in the phosphates
(P) and the smadller linear high concentrations following
the suggested wall lineiniron (Fe) and zinc (Zn) below
the plough-sail (figs. 2, 3and 4).

The total variation (Tot) expresses the general spatial
variation in the five central chemical components anal-
ysed for. The maximum value of each of thefiveis set
to 100%, so that their maxima are equal. After this
equalising operation their values are added. Thetota
variation in this case shows the same tendency as the
single elements already discussed (fig. 4).

3.a.2. Site B, Tgstad @vre Farm: A 100 m long profile
with a sample taken for each metre was made as a
zigzag line from centre to centre through four anomalies

Fig. 5 Site B, Tgstad @vre Farm. A concentration of regis-
tered mounds, shown with a red line. A linear feature creat-
ed by field-cultivation methods is shown as a broken black
line. Three anomalies reflecting significant local changes in
the soil and interpreted as the remains of mounds with no
structural remains preserved above the surface are marked
with green circles in the image to the left (IKONOS - copy-
right: Space Imaging and the Satellite Data Archive of the
Norwegian Mapping Authority). To the right is a plan of the
profile samples with co-ordinates in metres in UTM system
32. One square is 10 m.
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assumed to be the remains of mounds. Transverse pro-
files were made through each of these anomalies as
well, with samples for each metre. The present owner of
the farm, Svein G. Lyby, remembers the former owner
speaking about the removal of several mounds on this
piece of land in the 1920s-1930s.

Just around the farm buildings there are afew mounds pre-
served in relation to the garden. It would not be surprising
if all the features observed originally made up aregular
cemetery consisting of alarger number of mounds.

The phosphates (P) in and below the plough-soil conjoin
roughly with the four features interpreted as the remains of
mounds (the three northernmost ones shown in the
IKONOS imagefig. 5)(fig. 6 B-P and T-P). The concentra-
tions of phosphates (P) below the plough-soil are on the
western periphery of the northernmost of the suggested
mounds and on the northern periphery of the third from the
north. The concentration related to the southernmost of the
suggested moundsis less significant than that of the others,
but still appears as a distinguishable feature. There seems
to be an extra concentration of phosphates to the west of
the second presumptive mound from the north that may in-
dicate the earlier existence of two mounds here. No further
concentrations of phosphates (P) can be observed in the
data from this site. One should alow for some error of po-
sitioning in the geo-corrected satellite images. A check has
shown that the co-ordinates within the IKONOS image are
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exact within £2 m. This can explain some - but not al - of
the displacement in relation to the observed anomalies.

The significant deviations in the concentration of iron
(Fe) below the plough-soil appear generally peripheral
to the concentrations of phosphates in the three north-
ernmost features interpreted as mounds — and possibly
the southernmost as well (fig. 6 B-Fe). Thisindicates
that something may have happened involving iron on
the periphery or afew metres from the mounds. If this
provesto be a genera pattern, it isvery interesting.

Zinc (Zn) below the plough-soil displays general con-
centrations centrally related to each of the three north-
ernmost putative mounds, each with two significant
peaks. The southernmost suggested mound may also
display anon-significant version of this pattern. The sig-
nificant concentration to the west of the second pre-
sumptive mound from the north may be related to the
pattern that can be observed in the phosphates. Because
the basis of the interpolation istwo crossing profiles for
each of the suggested mounds, and not a grid, these bi-
partite patterns should not be given too much attention
a the present stage of investigation (fig. 6 B-Zn).

Copper (Cu) below the plough-soil shows a general spa
tial relation to the suggested features without displaying
a specific repeated pattern (fig. 7 B-Cu).

Manganese (Mn) below the plough-soil relates spatially
to the two central of the suggested mounds, but with two
different patterns (fig.7 B-Mn).

Thetota variation (Tot) shows ageneral co-variation
between significant concentrations of the different
chemical elements and the suggested mounds apart
from the southernmost one —that is also the one that ap-
pears least obviousin the IKONOS image (fig. 7 B-Tot
and T-Tot). Thisindicates that there may be a close cor-
relation between cultural heritage sites and concentra-
tions of some chemical elements. If the different chemi-
cal elements furthermore can be shown to display a
repeated spatial organisation that can also be observed
in preserved monuments, this may prove very useful.

3.a.3. Site C, Navestad Farm: 232 m of profile with
samples taken for each metre, was cut through a 90 by
90 m large rhombic feature observed in the IKONOS
image in 2001 and interpreted as the possible traces of
an Early Medieval church in Rygge 500 m W-NW of
the still existing Rygge Church, which is dated to about
1150 AD (fig. 8) (Gran and Loska 2002).
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Close to the southern border of the rhombic feature
charcoal was observed in the samples below the plough-
soil (C:61-62).

Coinciding with the southern border of the rhombic fea-
ture adark grey sandy layer was observed in the sam-
ples C:67-69 below the plough-soil. A similar observa
tion was made immediately to the north of it at the point
C1:26. According to Jan Brendalsmo, NIKU, thisisthe
type of deposit found to represent Medieval church
dykesin acouple of other situations in Southern Nor-
way (Brendalsmo and Hommedal 2001). In his opinion
the existence of a‘ church-builder myth’ connected to
thishill (‘they were building a church on this hill but a
troll tore it down during the night . . ."), in combination
with the grey sand layers, strongly advocates the earlier
existence of a second Rygge Church in this position.

During ploughing, the farmer at the top of the hill —
probably within the southern part of the rhombic feature
- found aloom weight (fig. 9) indicating activities dated
to the Viking Age or the Early Medieval Period.

The variation in phosphates (P) bel ow the plough-soil
shows local minimathat coincide with the rhombic fea-
ture and massive maximaimmediately outside it (figs.10
and 11 B-P). The same minima can be observed iniron
(Fe) and manganese (Mn) below the plough-soil and in
phosphates (P) and manganese (Mn) in the plough-sail.
Zinc (Zn) below the plough-soil displays maximawhere
the profiles cut the rhombic structure’s northern and east-
ern sides, whereas it shows a maximum where its south-
ern sideis cut. Copper (Cu) below the plough-soil and
copper (Cu) and zinc (Zn) in the plough-soil display no
patterns that seem related to the rhombic feature. In gen-
era, the variations in the concentrations of the chemical
elementsindicate that this feature formerly had aregular
physical character (figs. 11 and 12).

Below and in the plough-soil copper (Cu) displaysafew
significant concentrations of restricted size that have no
obvious relation to the rhombic feature. They may reflect
high and local concentrations of copper from single ob-
jectsthat may have dissolved. One of the blotches that
could be observed in the vegetation (C:150-156) (fig. 8,
12 T-Cu) coincides with an extremely high copper value
in the plough soil. The blotches may represent pits — pos-
sibly former pitsthat have been destroyed by ploughing.

A significant concentration of phosphates (P), iron (Fe),
zinc (Zn), and manganese (Mn) indicates that an areato
the south inside the rhombic feature was a place of some
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Fig. 9 Loom weight found on top of the hill with the rhom-
bic feature at Navestad Farm — site C. Viking Age or the
Early Medieval Period.

Fig. 8 Site C, Navestad
Farm. Profiles through
the rhombic feature that
may represent a second
Early Medieval church in
Rygge, a couple of
anomalies (C:20-35) that
reflect the presence of
bedrock immediately
below the plough horizon,
and a couple of blotches
in the vegetation (C1:20
and C1:50), which may
represent pits. Co-ordi-
nates in metres in UTM
system 32.

Fig. 10 Site C, Navestad
Farm. The variation in
phosphates (P) below the
plough-soil shows local
minima that coincide with
the rhombic feature and
massive maxima immedi-
ately outside it, indicating
that it physically has
influenced the activities.
Co-ordinates in metres in
UTM system 32.
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Fig. 11 Site C, Navestad Farm. The variation in the central
chemical components analysed for. The first letters ‘T’ and ‘B’
indicate that the data are from the ‘top layer’ = the plough-soil,
or the ‘bottom layer’ = the sediments immediately below the
plough-soil. P = phosphates, Fe = iron, Zn = zinc. The inter-
polation shows equidistant contour lines. The higher the con-
centration, the darker the colour. The exact values measured
for all of the central chemical elements are given in Appendix
1. Co-ordinates in metres in UTM system 32.

significance (figs. 11 and 12). Because it matches the po-
sition of the existing Rygge Church inside its dyke, one
could guess that this concentration reflects the location of
achurch building — even though a better coverage with
chemical samplesisnecessary to support such anideain
amore concrete way. A logical next step would beto re-
move the plough-soil in a couple of ditches to see wheter
the remains of a church can be observed.
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Fig. 12 (Top, right) Site C, Navestad Farm. The variation in
the central chemical components analysed for. The first let-
ters ‘T' and ‘B’ indicate that the data are from the ‘top layer’
= the plough-soil, or the ‘bottom layer’ = the sediments
immediately below the plough-soil. Cu = copper, Mn = man-
ganese, Tot = the total variation: the maximum value of each
of the five central chemical elements analysed for is set to
100% so that their maxima are equal. Then the values are
added. The interpolation shows equidistant contour lines.
The higher the concentration, the darker the colour. The
exact values measured for all of the central chemical ele-
ments are given in Appendix 1. Co-ordinates in metres in
UTM system 32.

Fig. 13 (Right) The sites D and G, Gipsund Farm. To the
left: Plan of the profiles through two features interpreted as
the remains of mounds. Co-ordinates in metres in UTM sys-
tem 32. To the right the location of the site (IKONOS - copy-
right: Space Imaging and the Satellite Data Archive of the
Norwegian Mapping Authority).
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Fig. 14 The sites D and G, Gipsund Farm. The variation in the
central chemical components analysed. The first letters ‘T’
and ‘B’ indicate that the data are from the ‘top layer’ = the
plough-soil, or the ‘bottom layer’ = the sediments immediately
below the plough-soil. P = phosphates, Fe = iron, Zn = zinc.
The interpolation shows equidistant contour lines. The higher
the concentration, the darker the colour. The exact values
measured for all of the central chemical elements are given in
Appendix 1. Co-ordinates in metres in UTM system 32.

A couple of anomalies observed in the IKONOS image
on the southern slope up to the rhombic feature (C:20-35)
appeared to be reflections of bedrock that in this place
runsimmediately below the plough-soil and thus pre-
ventsits draining. Water-deposited sand observed below
the plough-soil on the lower part of this side of the hill
must reflect phases when it formed part of the seashore.

3.a4. ThesitesD and G, Gipsund Farm: The sup-

posed two mounds D and G on Gipsund Farm were
each cut by two profiles with samples for each metre.
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Fig. 15 (Top, right) The sites D and G, Gipsund Farm. The vari-
ation in the central chemical components analysed. The first
letters ‘T" and ‘B’ indicate that the data are from the ‘top layer’ =
the plough-soil, or the ‘bottom layer’ = the sediments immedi-
ately below the plough-soil. Cu = copper, Mn = manganese,
Tot = the total variation: the maximum value of each of the five
central chemical elements analysed for is set to 100% so that
their maxima are equal. Then the values are added. The inter-
polation shows equidistant contour lines. The higher the con-
centration, the darker the colour. The exact values measured
for all of the central chemical elements are given in Appendix 1.
Co-ordinates in metres in UTM system 32.

Fig. 16 (Right) Site E, Gipsund Farm. To the left: Plan of the pro-
files through the feature interpreted as the remains of a mound.
Co-ordinates in metres in UTM system 32. To the right the loca-
tion of the site (IKONOS - copyright: Space Imaging and the
Satellite Data Archive of the Norwegian Mapping Authority).
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Fig. 19 Site F, Gipsund Farm. To the left: Plan of the profiles
through site F - a moist low part of the field that in the satel-
lite images looked like the remains of a mound. Co-ordinates
in metres in UTM system 32. To the right the location of site
F (white dot) and site H (black dot), (IKONOS - copyright:
Space Imaging and the Satellite Data Archive of the Norwe-
gian Mapping Authority).

Fig. 20 (Below) Site F, Gipsund Farm. The variation in the
concentration of the four central chemical elements that could
be registered at levels above the measuring uncertanity. The
first letters ‘T’ and ‘B’ indicate that the data are from the ‘top
layer’ = the plough-soil, or the ‘bottom layer’ = the sediments
immediately below the plough-soil. P = phosphates, Fe = iron,
Zn = zinc, Mn = manganese. The exact values for all of the
central chemical elements are given in Appendix 1.
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Theiron (Fe) below the plough-soil appearsin periph-
eral concentrationsin relation to the two suggested
mounds. The position of these concentrationsindicating
that the profiles do not cut each other exactly in the cen-
tres of the two features. Between them isarelatively
large and significant concentration that may well reflect
overlapping peripheral features (B-Fein fig. 14). Phos-
phates (P), copper (Cu), and manganese (Mn) under the
plough-soail follow the same pattern, with peripheral and
no central concentrations— and the two latter display
with asmaller ‘diameter’ than iron (Fe) and manganese
(Mn). Zinc (Zn) below the plough-soil aso displays a pe-
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ripheral pattern, but with atendency to a concentration
centrally in the northern feature as well (figs.14 and 15).

3.a5. SiteE, Gipsund Farm: The supposed mound E
on Gipsund Farm was cut by two profiles with samples
for each metre.

Theiron (Fe) below the plough-soil seems concentrated in
acircular structure a bit larger and with its centre afew
metres to the south of the suggested mound. The phos-
phates (P) below the plough-soil display alarge and signif-
icant concentration centrally in the feature, aswell as out-
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side the concentrations of iron (Fe) to the north. Interest-
ingly, the concentrations of iron and phosphates appear as
spatially well-organised features that exclude each other.
Zinc (Zn), copper (Cu), and manganese (Mn) below the
plough-soil display aperiphera pattern, the two latter with
acentral concentration in addition (figs. 17 and 18).

3.a.6. Site F, Gipsund Farm: A single profile with
samplesfor each 2 metre was cut through the anomaly
representing a moist low part of the field, because of its
immediate similarity with amound. It isregarded asim-
portant to collect data that can elucidate the difference
between cultural heritage sites and natural phenomena
of smilar appearance.

The variation in the concentration of the different chem-
ical elements analysed for isin this case considerably
less than at the supposed cultural heritage sites. The
concentration of copper was too low to be measured.

3.a.7. SiteH, Gipsund Farm: An observed anomaly co-

inciding with a concentration of worked flintsin the field.
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Fig. 21 Site H, Gipsund Farm. Profiles through a feature
interpreted as a settlement — most likely from the Stone Age.
The measuring grid has been superimposed on a multispec-
tral IKONOS image. The different layers of the image have
been weighted to optimise the information immediately
around the site. As a consequence, the different crop to the
right in the picture appears as a dark area. The dark zone in
the upper left corner is forest. The dark blotch around the
points H:13-16 coincides with the maximum concentration of
the central chemical elements registered in the profiles (fig.
24). Co-ordinates in metres in UTM system 32 (IKONOS -
copyright: Space Imaging and the Satellite Data Archive of
the Norwegian Mapping Authority).

The small concentration of worked flints, site H, has for
many years been known by Mrs. Ragnhild Sgrenssen
from Gipsund Farm, who has collected worked flints on
the site (fig.19). The material yields no exact typological
dating for the feature, and it cannot be ruled out that the
siteisaslate asthe Early Bronze Age. However a Stone
Age dating seems more likely.

In some of the samples taken under the plough-soil char-
coal was abserved and in the sampling points H:30-33 a
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Fig. 24 Site H, Gipsund
Farm. The total variation
(Tot) of the central chem-
ical elements analysed
for is shown. It appears
to be related to the sam-
pling points where char-
coal or culture layer was
observed below the
plough-soil as well as the
0.% blotch that can be

’QO observed in the multi-
spectral data (fig. 21).
The broken line shows
the area where high val-
ues for the chemical ele-
ments coincide with the
observed cultural fea-
tures, as should be
expected in a central set-
tlement area. Co-ordi-
nates in metres in UTM
system 32.
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dark layer was observed that may well represent the pre-
served remains of a shallow dugout dwelling (fig. 21).

Down the dope to the south-west, from some metres below
theleve of the site, are below the plough-soil more or less
well-preserved remains of alayer of water-deposited clay
(observed in profile J—site J). Thismost likely reflects that
the site was formerly located close to a quite protected
shore with sedimentation of fine-grained material.

Whereas the central chemical components analysed for
below the plough-soil are concentrated in the southeast-
ern part of the area— and thus coincide with the blotch
that can be observed in the IKONOS image — the chemi-
cal componentsin the plough-soil itself concentratein
its northern part (figs. 21-24). It should be noted that the
satellite image in this case seems to reflect the situation
bel ow the plough-soil.
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3.a8. Sitel, Gipsund Farm: A 2 by 2 m grid waslaid
out to get an idea of the character of the feature | inter-
preted as a house. The strategy wasto elucidate therela-
tion between the inner part of the structure and the area
around inits central part (fig. 25).

Below the plough-soil the central chemical components
analysed for all concentrate within two oblong NE-SW
orientated features about 5 m from each other and dis-
placed about 3 m to the east in relation to the expected
wall lines of the house. Apart from iron (Fe), which aso
displays asmall concentration to the west of the more
westerly of these two features, the concentrations are
low between and outside them (figs. 26-28).

The same two features can be distinguished in the
plough-sail, but here with an additional concentration in
the western part of the sampled area (figs. 26-28).
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It seems likely that the bipartite pattern with two oblong
features can represent the chemical signatures of the
wall lines of aprehistoric house — either ‘foreign’ mate-
rial from the walls (clay brought in from another loca-
tion, for instance) or waste deposited immediately out-
sidethem. The error of position can well be dueto the
uncertainties concerning the positions mentioned earlier
(fig. 28).

3.a9. Site J, Gipsund Farm: A profile with 1-2 m be-
tween the samples was made to get further information
about the supposed continuation of a preserved piece of
an old hollow road in the forest immediately to the SE
(fig. 29). Samplestaken in 2002 suggest that there are
severd pardlel tracks connected to the road (Gren and
Loska 2002).

It isinteresting but not surprising that the concentrations
of the central chemical elements analysed for vary sig-
nificantly more just within a zone 3-4 m from the old
road than anywhere elsein the profile. Normally old
roads show atendency to meander. Thereforeit isfar
from unreasonable if the road isreflected in such a
broad zone. It is suggested that a couple of extra profiles
cutting the proposed road be made here. A linear feature
coinciding with the expected road can be observed in
the IKONOS image.

3.a.10. Site K, Barsebakke Farm: Sample pointslaid
out to elucidate the differences between anomaliesinter-
preted as possible pits, a couple of possible houses, and

Fig. 25 Site |, Gipsund Farm. To the left: Plan of the profiles
through a feature interpreted as a house. The sampling
points are shown. Co-ordinates in metres in UTM system 32.
To the right the location of the site (IKONOS - copyright:
Space Imaging and the Satellite Data Archive of the Norwe-
gian Mapping Authority).

their immediate surroundings. Large amounts of lithic
artefacts (flint, stone axes, etc.) from the Late Ne-
olithic/Early Bronze Age have been found in the fields
at thissite.

Samples were taken in the plough-soil, immediately be-
low it, and to the east of the road, furthermore 30-40 cm
below its bottom, because the sediment here was
coloured in away indicating that it could be a cultura
deposit. The results of the chemical analysis, however,
indicate that there is no significant difference between
the supposed pits and the areas outside them. The dark
blotches interpreted as pits may represent tree-falls or
other natural phenomenathat have brought natural
colouring of the subsoil up into the plough sail (fig. 30).

The only sample that differs significantly from the aver-
age values isK:7 from the westernmost anomaly inter-
preted as ahouse (figs. 30, 31). It is suggested that a
more detailed investigation be carried out of this
anomaly.
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Fig. 28 Site I, Gipsund
Farm. The total variation

6584574 (Tot) of the central chem-
ical elements analysed
for is shown. It appears

6584572 - L to be related to the sam-
pling points where char-
coal or culture layer was

6584570 - : observed below the
plough-soil as well as the
blotch that can be

6584568 - r observed in the multi-
spectral data (fig. 21).
The broken line shows an

6584566 - i area where high values
for the chemical elements

6584564 - coincide with the
observed cultural fea-
tures, as it should in a

6584562 - L central settlement area.
Co-ordinates in metres in
UTM system 32.
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Fig. 29 Site J, Gipsund Farm. To the left: Plan of the profile

cutting the course of an old hollow road a few meters from

this feature’s NW end. The sampling points are shown. The

variation in the concentrations of the zinc (Zn), phosphates

(P), iron (Fe), and manganese (Mn) below the plough-soil

are shown. Copper (Cu) was below the measuring uncertain-

ty. Co-ordinates in metres in UTM system 32. To the right

the location of the site (IKONOS - copyright: Space Imaging

and the Satellite Data Archive of the Norwegian Mapping

Authority).
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Fig. 31 Bgrsebakke Farm — site K. The variation in the con-
centrations of phosphates (P), iron (Fe), zinc (Zn) and man-
ganese (Mn) are shown. Copper (Cu) was below the mea-

suring uncertainty. See fig. 30.

Fig. 30 Site K, Barse-
bakke Farm. Sampling
points in - and outside
features interpreted as
possible houses to the
right of the road and pits
to the left of the road. Co-
ordinates in metres in
UTM system 32. The
position of the site is
shown in fig. 1.
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3.b. Metal-detectors

The use of metal-detectorsis an obvious way of verifying
the character of anomalies that are suspected of being cul-
tural heritage sites. Onceit is possible to focus the survey
on restricted anomdlies, this method has quite a potential
for cultural heritage sites from most of the prehistoric pe-
riods. Age Olsen has kindly provided co-ordinates of the
finds he has made in the field near site .

3.c. Ground-based vegetation analysis

Ground-based analysis of the variation in the vegetation
composition of the observed anomalies as a means of
better understanding their character has been discussed
in the project. In the Rygge area, where forest or agri-
cultural monocultures make up the majority of the land-
scape, it has, however, proved difficult to apply this
method.

32

3.d Verification of observed anomalies
- conclusion

Soil chemistry has demonstrated an unexpected poten-
tial as abasisfor the development of indicators that can
be used to verify or otherwise the character of the ob-
served anomalies as cultural herittage sites. It would be
obvious to continue the investigation of the chemical
signatures of different cultural heritage sitesaswell as
of modern anomalies that can be mistaken for such. The
use of metal-detectors — even though it will not be use-
ful in relation to sitesfrom all periods— seems promis-
ing as a supplement to other methods.

Because multispectral satellite images seem to produce

the best results with regard to distinction of cultural her-
itage sites when the vegetation is at a minimum, vegeta-
tion analysiswill not be given priority in the present

study.

Fig. 32 Large anomaly
(site L) in field north of
Gipsund Farm interpret-
ed as a settlement area
and shown with a broken
blue line. Detector-finds
(yellow dots) probably
indicating bronze-casting
show some relation to
this anomaly and may
indicate that the settle-
ment area is larger than
anticipated. The whole
field was surveyed, but
finds were made only in
its eastern corner
(IKONOS - copyright:
Space Imaging and the
Satellite Data Archive of
the Norwegian Mapping
Authority).
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4. Detection of archeological features
by automatic classification of multispectral satellite images

Parallel to and interacting with the development of a
ground-methodology for verification of cultural heritage
sites observed as anomalies, runs the development of
methods for distinction of cultural heritage sitesin the
multispectral satellite images. An experiment was car-
ried out with automatic classification of the multispec-
tral satellite images by Hans Temmervik, NINA,
Tromsg.

4.a. Method

All satellite data were registered to acommon UTM for-
mat (WGS-84, zone 32) with a spatia resolution of 25
m. The satellite images were divided into areas with the
same colour, using a clustering algorithm (ISODATA)
applied on al 6 optical bands. A similar method has
been employed in a vegetation-monitoring project in the
areaof Nikel (Russia) with satisfactory results (Tam-
mervik et al. 1998). Means were computed to be along
the first principal component (PCA) vector and were
evenly distributed within the scaling range for the first
principal component. The initial number of spectra
classes was selected to 255 in order to detect and differ-
entiate different vegetation types important for the rein-
deer. By using so many initial classes, the agorithmis
comparable with hyper-clustering (Myers et a. 1999).
The “hyper-clustering” procedure exploits the spatial
structure of landscapes through image compression by
hyper-clustering to detect patterns of vegetation cover
types or environmental change (Myers and Shelton
1998, Myers 1999).

All 255 classes from the unsupervised classification
phase were interpreted using colour-composites, spec-
tral signatures, field data, and other sources of informa:
tion. Based on

thisinformation, it was attempted to link this classifica-
tion product to archeological features.

4.b. Vegetation monitoring by vegeta-
tion indices

Vegetation indices are techniques of multispectral trans-
formation of satellite image data. They use the phe-
nomenon that different types of biomass reflect different
amounts of energy in different bands. The reflectance
from vegetation measured by any remote-sensing device
is governed by the presence of absorbing pigments (i.e.

chlorophyll) in the visible part of the spectrum and by
multiple internal reflection in the leaves of the plantsin
the near infrared part of the spectrum. In healthy vegeta-
tion, the latter produces typical high reflectance in the
near infrared band (Rees 1990).
The reflectance characteristicsin the red and the in-
frared bands have been used to monitor vegetation with
remote sensing, and arange of different vegetation in-
dices have been proposed in order to estimate the
amount, productivity and health condition of vegetation.
Various mathematical combinations of spectral channels
have been applied as sensitive indicators of the presence
and condition of green vegetation (Tucker and Sellers
1986; Justice et. a. 1985). The simplest of the vegeta-
tion indices isthe vegetation index (V1) defined as the
ratio between the near-infrared channel and the red
channel. The Normalised Difference Vegetation Index
(NDVI) wasfound (Sellers 1986; Tucker and Sellers
1986; Prince 1991) to be arepresentative of plant as-
similation condition and of its photosynthetic efficiency.
NDVI = (NIR-R)/(NIR+R) (Ea. 1)
where NIR isthe reflectance in the near-infrared chan-
nel and R is the reflectance in the red channel. Vegetated
areasin genera yield high values for these indices due
to their high near infrared reflectance and low visible re-
flectance. Reflectance for cloud, snow and water is
larger in red than in near infrared. Hence, these features
yield negative index values. Rock and bare soil have
similar reflectancesin red and near infrared channels
and result in indices near zero.
The NDVI (and hence the V1) equation has asimple,
open loop structure. This rendersthe NDV | susceptible
to large sources of error and uncertainty over variable
atmospheric and soil background conditions, imaging
geometry, and with changes within the canopy itself
(Sellers 1986; Jackson and Pinter 1986; Jackson and
Huete 1991; and Myneni et. al. 1992). Thisislessthan
satisfactory in meeting the need for accurate detection
of vegetation types and other features. Hence, severa
studies to improve the stability of the NDVI by cor-
recting for soil and atmospheric sources of variance
have been done. In our study we used several vegetation
indices for detection of archeological features, etc.
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4.c. Results

4.c.1. Automatic classification procedure

The IKONOS and Quichird images were classified us-
ing the “hyper-clustering” classification procedure pre-
sented in 4.a. Theimages were clustered in 255 classes
and the results are presented in the figs. 33 and 34. The
use of over-lay techniques with the locations of the reg-
istered cultural heritage sitesin the areadid not reveal
any significant relationship between the cluster-classes
and the cultural remains unless for acouple of classes
which consists of “islands of semi-natural vegetation”
(not ploughed and treated) in the farmland. Here there-
|ationship was significant and robust.

The Quickbird-image was influenced by clouds and was
from the peak vegetation season. The IKONOS was
from abetter time of the season (September), but it
would be relevant to try out images from the early grow-
ing season (spring) and with a higher sun elevation.

4.c.2 Vegetation indices
Thefigs. 35 and 36 present the normalised difference
vegetation indices. No significant relationship was ob-

served between the vegetation indices and the registered
cultura heritage sites, unlessfor the “islands of semi-
natural vegetation” (areas that are not ploughed dueto
exposed bed-rock or mounds that are difficult to re-
move). But also here could the time of the season play a
major role. In the future other indices should be tested
astheiron-oxide index which is the red band (band 3)
divided with the blue band (band 1) which revealed
some relationships between thisindex image and cul-
tural remains (fig.47).

Even though there was no significant correlation be-
tween the results of the methods employed and the list
of registered cultural heritage sitesthis analysis hasre-
sulted in the recognition of a number of anomalies that
have not been distinguished in the visual inspection and
may represent unregistered cultural heritage sites. Itis
planned to conduct fieldwork to confirm or reject their
status as such.

Fig. 33 The result of the
automatic classification on
the basis of the IKONOS
image. Detail from Gip-
sund Farm in lower left
corner (copyright: Space
Imaging and the Satellite
Data Archive of the Nor-
wegian Mapping Authori-
ty).
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Fig.34 The result of the
automatic classification
on the basis of the Quick-
bird image. Detail from
Gipsund Farm in lower
left corner (copyright: Dig-
ital Globe and the Satel-
lite Data Archive of the
Norwegian Mapping

Authority).
Fig.35 The vegetation index based on the IKONOS image Fig.36 The vegetation index based on the Quickbird image
(copyright: Space Imaging and the Satellite Data Archive of (copyright: Digital Globe and the Satellite Data Archive of the

the Norwegian Mapping Authority). Norwegian Mapping Authority).
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Fig.37 The iron-oxide index is based on the IKONOS image.
It reflects the content of iron-oxide and can thus give impor-
tant information about cultural heritage sites. Detail from Gip-
sund Farm in lower left corner (copyright: Space Imaging
and the Satellite Data Archive of the Norwegian Mapping
Authority).
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5. Pattern recognition of cultural heritage sites in satellite images

Asapart of the project, Lars Aurdal, The Norwegian
Computing Centre (NR), has carried out initial experi-
ments with pattern recognition related to locating cul-
tural heritage sites. There seemsto be a potentia for the
development of apartly automated method for distinc-
tion of anomaliesthat represent cultural heritage sitesin
multispectral satellite images.

5.a. Data coverage

Three multispectra satellite images form the basis for
the project at present. An IKONOS image from the
study area (August 2001) comprising a panchromatic
image with a1 m resolution and a multispectral (four
channels, near infrared, red, green and blue) data set
with a4 m resolution was made available by the Satel-
lite Data Archive of the Norwegian Mapping Authority.

A Quickbird image (July 2003) covering a central part
of the same study area was purchased by the project in
2003 (fig. 38) . Although the resolution of thisimageis
high (2.4 m for the multispectral part and 0.6 m for the
panchromatic), comparison with the IKONOS image
shows that the latter contains more information of rele-
vance for cultural heritage monitoring than the former.
The difference seems to be due to the fact that multi-
spectral recordings with ahighly dynamic vegetation re-
flect cultural heritage sites to alesser degree than
recordings from periods with a minimum of vegetation.
A Landsat ETM+ image (June 2001) covering the study
area has proved to be useless for this study, dueto its
low resolution (30 m for the multispectral part and 15m
for the panchromatic), which istoo coarse to catch up
most cultural heritage sites (Shennan and Donoghue
1991).

5.b. Basis for the analysis

The multispectral IKONOS data were analysed with
ENVI (Research Systems, Inc.) using the Maximum
Noise Fraction transform to check whether a data di-
mensionality reduction should be performed. This anal-
ysisindicated that the information in the four bands was
so de-correlated that no dimensionality reduction should
be performed. The result of thisanalysis (fig. 38) isnot
surprising, considering the low number of bands and the
high spectral separation between them (for more details
concerning the Maximum Noise Fraction transform see
Green et . 1988 or the ENVI (Research Systems, Inc.)

documentation). Analysis was therefore based on the
panchromatic and full multispectral data. To allow for
easy comparison of the panchromatic and multispectral
data, the multispectral datawere interpolatedtoal m
grid using nearest neighbour interpolation. Thisreport is
exclusively based on these interpolated IKONOS data.

The size of the study areais more than 100 square kilo-
metres and the IKONOS data comprise more than 100
million pixels (at aresolution of 1_1 m). For this report
we have chosen to concentrate on small parts of the pro-
ject’s study area, in particular the area around Gipsund
Farm known to berich in cultural heritage sites. To
demonstrate the potential of automatic image processing
applied to the satellite data, we therefore chose to ex-
tract sub-images of this farm and use these sub-images
for the image processing.

With the current technology for satellite-borne imaging
sensorsit will not be possible to obtain useful results
from forest areas. The focusistherefore on the agricul-
tural fields. The limits of these could possibly be deter-
mined automatically, but a much better alternative for a
genera approach isto use the digital land-use maps pro-
vided by the Norwegian Institute of Land Inventory
(www.nijos.no). Such maps were not available for this
study, and masks for the fields were therefore made by
hand. This does not detract from the relevance of this
study, sinceit is expected that such masks could easily
be made using the digita land-use maps.

5.c. Gipsund Farm

Gipsund Farm is situated in the northeastern corner of
the study area, and itsfields are known to comprise
many interesting cultural heritage sites. We therefore ex-
tracted a sub-image from the IKONOS image (fig. 38).
This sub-image (fig. 39) comprises the central farm area
along with the neighbouring fields. Fig. 40 showsthe
same sub-image with the limits of the threefields of in-
terest overlaid. Thisfigure also indicates possible cul-
tural heritage sites visible in the sub-image.

5.d. Methods and results

5.d.1. Ideal result
Theideal result of the application of an algorithm for
automatic detection of cultural heritage sitesto satellite
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Fig. 38 The result of the Maximum Noise Fraction analysis
of the multispectral data. The images are ordered lexico-
graphically in order of falling corresponding eigenvalue. It is
clear that the spatial correlation in all images is sufficiently
high to exclude the use of dimensionality reduction methods
(IKONOS - copyright: Space Imaging and the Satellite Data
Archive of the Norwegian Mapping Authority).

data might be something like the result shown infig. 41.
In this figure we show the sub-image of the Gipsund
Farm areafrom fig. 39 with the sites of possible interest
labeled.

Obtaining aresult like the one shown in fig. 41 is not
trivial, and based on the current project it is obviously
impossible to indicate the exact methods and algorithms
to be used. However, based on experience, it is clear that
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the process leading from the raw input data to the kind
of labelling shown in fig. 41 would comprise a pre-pro-
cessing step, a segmentation (clustering) step (1), and a
classification step. In the following sections we will de-
tail methods that we believe are relevant for the different
steps of the overall agorithm.

5.d.2. Preprocessing

As dready stated, the current sensor technology restricts
the application of the method to cultural heritage sitesin
the agricultural fields. It is probably possible to distin-
guish these from the raw images by statistical texture-
classification methods, but amuch better alternativeis
to use the digital land-use mapsto create a proper mask-
ing (fig. 40) as afirst pre-processing step.
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Fig. 39 (over) Gipsund Farm and the surrounding fields,
panchromatic IKONOS data (1 m resolution). The scene com-
prises 741 rows of 917 pixels for a total of 679,497 pixels.
The delimiting UTM co-ordinates are given in the corners of
the image (IKONOS - copyright: Space Imaging and the
Satellite Data Archive of the Norwegian Mapping Authority).

Fig. 40 Gipsund Farm
and the surrounding
fields, panchromatic
IKONOS data (1 m
. resolution). The coloured
Wy : lines indicate masks for
(“:r'a:Fq‘x‘ ' the three fields of inter-
e est. The figure also indi-
cates possible cultural
Clusterof _ heritage sites. (IKONOS -
buildings? copyright: Space Imaging
. and the Satellite Data
Archive of the Norwegian

Fleld 1 Mapping Authority).

Farm
area
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The next pre-processing step addresses noise and arti-
fact removal from the masked images. The noise present
in theimagesis so low that no counter-measures are re-
quired. The primary disturbance affecting the process-
ing of theimagesis plough furrowsinthefields. Itis
suggested that these be removed with standard Fourier
analysistechniques (2). In aFourier anaysis, theim-
ages analysed are projected onto a set of complex expo-
nential functions. These projections basically measure
to what degree the images analysed resembl e the differ-
ent members of the set of complex exponentials. The set
of complex exponentialsis designed so that it contains
slowly awell asrapidly oscillating members. If theim-
age comprises slow oscillations, then the projection onto
the part of the set of complex exponentials that them-
selvesvary dowly will be important. Likewise, images
with rapid variation will have an important projection
onto the rapidly varying complex exponentials. Thus the
Fourier analysis will provide a measure of the fre-
quency content of the image being analysed.

Plough furrows represent afairly high frequency-com-
ponent in the image, as a Fourier transformation reveals
in the so-called spectrum of the image of field 2 (fig.
42). Once the part of the spectrum corresponding to the
unwanted plough furrows has been detected, this part of
the spectrum can be masked and the original image re-
constructed without the disturbing features (fig. 43). The

40

Fig. 41 Gipsund Farm
and the surrounding
fields, panchromatic
IKONOS data (1 m reso-
lution). This image shows
the conceptual output of
an ideal algorithm for the
processing of such data
(IKONOS - copyright:
Space Imaging and the
Satellite Data Archive of
the Norwegian Mapping
Authority).

masking of these furrows facilitates the remaining pro-
ng.

The principal and non-trivial problem with this method
isto determine the exact parts of the frequency spectrum
to mask. In order to do this, it is essential to detect the
plough furrowsin such away that their orientation and
spacing can be determined. Here, morphological meth-
ods (3) prove useful. They comprise a set of image-pro-
cessing tools that address the local shape of theimage
when viewed as asurface. Theimage to be analysed is
actually analysed using asmall image, typically referred
to as a structuring element that captures some local fea-
ture of the overall image. In our case, we choose the
structuring element to consist of asmall linear image
that we can rotate to search for local fits with the image.
Since the plough-furrows are linear structures, the struc-
turing element will give agood local match when ori-
ented aong the plough furrows. This can be used to
make an overall map of the plough-furrow orientation.

Formally, the images to be analysed, represented by
their sub-graphs, are successively eroded by small linear
structuring elements and the volume of the resulting
sub-graph is calculated. The erosion resulting in the
largest sub-graph volume is assumed to correspond with
an erosion in which the structuring elements are aligned
with the plough furrows. This method seems very robust
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Fig.43 Sub-image of field 2 before and after masking of the
plough furrows (IKONOS - copyright: Space Imaging and the
Satellite Data Archive of the Norwegian Mapping Authority).
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Fig. 42 The Fourier spec-
trum of an image of the
field labelled as field 2 in
fig. 40. The indicated line
corresponds to the
unwanted plough fur-
rows.

and could be made even more so by exchanging the ero-
sion with a parametric erosion. In fig. 44 we show the
sub-image of field 2 along with a polar plot of the
eroded sub-graph volumes. We use a polar plot in order
to illustrate the dependence on the structuring element’s
orientation. Notice the clear peak occurring at roughly
135 degrees, indicating the orientation of the plough fur-
rows.

5.d.3. Segmentation (clustering) methods

Once the images are pre-processed, every field should
have a mask and have periodic artifacts such as plough
furrows heavily suppressed. Our aim at this stageisto
group the pixelsin the fields into clusters sharing certain
spectral properties. There are many ways of doing this,
but first it must be decided whether the fields should be
treated al together or one a atime.

The different sesgmentation (or clustering) algorithms can
roughly be divided into two types. supervised and non-su-
pervised segmentation algorithms. In supervised segmen-
tation, the user trains the algorithm by indicating what
pixels should be grouped together. Thus the user chooses
some groups of pixels representative of cultural heritage
sitesto train the system to distinguish and mark other
groups with similar characteristics.
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180

270

Fig. 44 Sub-image of field
2 and polar plot of nor-
malised eroded sub-graph
volume. Notice the dis-
tinct peak at roughly 135
degrees, indicating the
predominant direction of
plough furrows (IKONOS
- copyright: Space Imag-
ing and the Satellite Data
Archive of the Norwegian
Mapping Authority).

In unsupervised segmentation, the pixels are grouped
autonomously by the algorithms on the basis of a user-
defined criterion. These agorithms locate and mark pix-
elswith sufficiently similar spectral characteristics with-
out user interaction. In genera, these methods will be
outperformed by the supervised segmentation methods,
for the simple reason that the latter employ extensive
operator input to guide their operation. For the problem
a hand, however, good training data are not available,
because pixels that belong and pixels that do not belong
to interesting sites may still share spectral propertiesto a
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point where it isimpossible to distinguish between them
solely on the basis of their spectral properties. Asacon-
sequence, training of the algorithmin onefield orina
small number of fieldswill in no way allow for overal
segmentation of pixels into interesting/uninteresting
groups. In the sections 5.d.4. and 5.d.5. this will be dealt
with in further detail.

5.d.4. Supervised segmentation (clustering) methods
The attractiveness of this approach istwofold. First, the
algorithm can be trained according to the user’s desires.



By including, or excluding, certain regionsin theim-
ages, the user can partly control the performance of
these algorithms. Secondly, these algorithms are de-
signed, once trained, to process all the fieldsin one large
operation. Thisis unfortunately also aweak point. The
aim isobvioudly to keep the training set as small as pos-
sible and still obtain the desired segmentation (cluster-
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Fig. 45 The region used
as a training region and
the resulting rule image.
Probabilities are mapped
to gray levels. Dark
colours indicate a low
probability, light a high
probability. Notice the
high degree of confusion,
with very many pixels
outside the training
region sharing the spec-
tral properties of the
training region. Among
the pixels sharing the
spectral properties of the
training region are those
that clearly do not repre-
sent interesting sites
(IKONOS - copyright:
Space Imaging and the
Satellite Data Archive of
the Norwegian Mapping
Authority).

ing). But small training setstypically represent only a
few very local characteristics of the cultural heritage
sites. In fields far from the training site, the truth repre-
sented by the training data might no longer be vaid. The
alternative to supervised segmentation (clustering), un-
supervised segmentation, is the subject of section 4.d.5.
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Fig. 46 The upper image
shows the two different
regions used to compare
regional histograms. The
histogram of the red
region appears in the
middle plot, that of the
orange region in the bot-
tom plot. The four differ-
ent lines in each plot cor-
respond to the four
different spectral ranges
in the multispectral data.
Notice the large degree
of overlap. This explains
the difficulties we have in
separating these regions
based purely on spectral
values (IKONOS - copy-
right: Space Imaging and
the Satellite Data Archive
of the Norwegian Map-
ping Authority).

The segmentation (clustering) problem is basically that
of assigning labels or classesto al pixelsin theimage.
In the case of segmentation (clustering) based on spec-
tral properties, pixels sharing the same label or class
will have similar spectral properties. The supervised
segmentation (clustering) scheme that we evaluated in
this project is the so-called maximum likelihood seg-
mentation (clustering). Here we will give only avery
brief introduction to this algorithm, and the reader isre-
ferred to the bibliography for details. Omitting the next
sections will not detract from the overall understanding
of this document.
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In maximum likelihood segmentation (clustering) we
seek toassignaclassv;,i=1,..., M toeach pixe,
there are thus M classes. When trying to determine what
classto assign to agiven pixel, only the conditional
probability is considered:

pvix),i=1,...,M
Here, the vector x is a column vector of spectral values

for the pixel being considered. p(v;|x) isthe likelihood
that the correct class for the pixel considered isv; given
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Fig. 47 The upper image
shows the two different
regions used to compare
regional histograms. The
histogram of the red
region appears in the
middle plot, that of the
orange region in the bot-
tom plot. The four differ-
ent lines in each plot cor-
respond to the four
different spectral ranges
in the multispectral data.
In this figure the his-
tograms have been nor-
malised and offset for
clarity. Notice the large
degree of overlap. This
explains the difficulties
we have in separating
these regions based
purely on spectral values
(IKONOS - copyright:
Space Imaging and the
Satellite Data Archive of
the Norwegian Mapping
Authority).
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that the pixel has spectral values x. The classificationis
based on the following simple rule:
xev; if pv;x)> p(vj|x) foral j#i

That is, the pixel with spectral values x belongsto class
v; if p(v;|x) isthe largest.

The problem with this seemingly smple decisionruleis
that the probabilities p(v;|x) are unknown. But if train-
ing dataare available, that is, if we had marked regions
of pixelsto which the user had assigned aclasswe

could use this to estimate the probability p(x|v,;) —that
isthe probability of certain spectral signatures given its
class member ship. For each class we would then know
what the probability isthat a given spectra signature
should belong to the class. The beauty of this approach
isthat the two types of probabilities are related by the
following simple formula (Bayes formula):

P(v;1x) = p(X|v)p(v;)/p(X),

where p(v,) isthe probability that the class v, occursin
theimage, and p(x) is smply the probability of agiven
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spectral signature. Based on this formula, we can now
make the following decision rule;

xev; if p(x|vi)p(vi)>p(x|vj)p(vj)forallj¢i

where the p(x) has been removed as a common factor.
Thissimple decision ruleis at the basis of the so-
called maximum likelihood classification. An intro-
duction to the vast subject of supervised clustering can
befound in Richards and Jia 1999. An excellent in-
depth treatment is provided in Duda et al. 2000.

A smpletest of thisagorithm on our imagesrevealsits
weaknesses in the present situation. Starting by defin-
ing atraining areafor asingle class, we mark aregion

Fig.48 A Gipsund field masked from the remaining image Fig. 49 k-means clustering using 5 classes on a Gipsund
using manually made masks. The bottom part of the figure field. The upper left image shows the initial field, the upper
shows a k-means clustering of this image into three (k = 3) right image shows the clustering result and the lower image
clusters. One cluster is intentionally used to capture the shows the contour of the interesting class overlaid on the
background, the other two are used to cluster actual field original image (IKONOS - copyright: Space Imaging and the
data (IKONOS - copyright: Space Imaging and the Satellite Satellite Data Archive of the Norwegian Mapping Authority).

Data Archive of the Norwegian Mapping Authority).

46



on the Gipsund fields as belonging to the class of cultural
heritage sites (the particular site marked isidentified by
the collaborating archaeologist as ‘an interesting site’).
Given thistraining region, we use ENVI to calculate the
corresponding ruleimage. Thisissimply anew imagein
which every pixel islabelled with its probability (its like-
lihood) of belonging to the class defined by the training
class. Theimage showing the region used as atraining
region, as well asthe resulting rule image, is shown in
fig. 45. Noticein fig. 45 the high degree of confusion,
where many pixels outside the training region share the
spectral properties of the pixelsinsideit.

From thissimpletest it is possible to draw very impor-
tant conclusions. In particular, we can conclude that it
will not be possible to distinguish between interesting
sites and features of no interest using this simple
scheme. Asis clearly seen from this example, interest-
ing and noninteresting sites share spectral propertiesto a
degree that excludes automatic distinction between them
in an automatic manner. Thisis aggravated by the fact
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that the training region and the application region are
close to each other, since the whole test is applied to
only afew of the Gipsund fields. If the training and ap-
plication regions were more distant from each other, the
results would most likely become even worse.

Another ssimple way of observing thisis by plotting the
histograms of different regions around Gipsund. We
show thisin figs. 46 and 47. The upper part of thesefig-
ures shows (in red and orange) the two different regions
represented by the histograms we compare. Fig. 46
shows the raw histograms, while fig. 47 shows the same
histograms, but normalised and offset for clarity. Notice
the large degree of overlap between the histograms of
the two regions. This explainswhy it is hard to distin-
guish between the regions based on purely spectral data.

Based on these observations, it is reasonable to assume
that supervised segmentation (clustering) will play avery
limited rolein this project. Aswe have seen, interesting
and uninteresting sites share spectral propertiesto alarge

On field border Wrong aspect ratio

Interesting Interesting

Too large

Too rectangular
and too large

Fig. 50 Different proper-
ties of the clusters from
fig. 49.

Too smaill

Interesting
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degree. Secondly, thefairly low resolution of the images
relative to the features of interest also makesit difficult to
obtain good statistical information to distinguish between
interesting and uninteresting sites. Aswe shall seein sec-
tion 4.d.6., supervised segmentation (clustering) will play
arolein processing shape and size features of the spec-
tral clusters. For this application, it will be more appropri-
ate to refer to this method as a classification method.

5.d.5. Unsupervised clustering methods

For a segmentation problem like the onein hand, we
have seen that the operator input is of little value. What
we would actually like to have is an algorithm that could
treat every field separately (or possibly in conjunction
with its neighbours) and make local decisions asto
whether the fields observed contain regions with desir-
able spectral parameters.

One much used method for unsupervised segmentation
(clustering) is the so-called k-means algorithm. The
name of this conceptually very simple algorithm reflects
its basic operation. It tries, in an automatic fashion, to
assign the pixelsto one of k classes by assigning the
pixel to the class whose mean spectral value isthe clos-
est. This algorithm therefore tends to assign pixelsto
classesin such amanner that the mean squared dis-
tances from pixelsto class centraare minimized. Here
we will only give avery brief introduction to thisago-
rithm, and the reader is referred to the bibliography for
details. Omitting the next sections will not detract from
the overall understanding of this document. The algo-
rithm works as follows:

1. Initialize the procedure by selecting k pointsin mul-
tispectral space to serve as candidate cluster centres.
Let these be:

The cluster centres can be chosen arbitrarily, but no
two should be the same. A much used approach is
simply to space the class centra uniformly in spectral

space.

2. Thelocation of each pixel in spectral spaceis exam-
ined, and the pixels are assigned to the centre of the
nearest cluster. ‘ Closeness’ would typically be mea-
sured using a Euclidean distance measure.

3. Based on the new grouping, recalculate cluster cen-
tres. Let these be:

48

4. 1f m = m,foral i the procedure is terminated. Oth-
erwise, 1, isredefined asthe current value of m,
and the procedureis reiterated from step 2.

Thisvery simple algorithm, once initialized, is capable
of assigning pixelsto classes in an autonomous fashion.
The number of classes must be given by the user, aswe
shall see shortly, thisis not necessarily amajor problem.
Our intended use of thisagorithm isto apply it within
each fidld. As previoudly stated, the fields can be delim-
ited using land-use masks, so the field-wise application
should be no problem. Another problem that must be
dealt with in the futureisthat of cultural heritage sites
straddling several fields. This could be solved by treat-
ing small groups of neighbouring fields instead of each
field onitsown.

Aninitia attempt at using the algorithm in the Gipsund
fieldsisillustrated in fig. 48. We use three clusters (k =
3) in thisexample. Oneisintentionally introduced to
capture the background, the two others are used to clus-
ter actual field data. Thisinitial attempt is clearly seen
to result in an under-clustering of the data. Increasing
the total number of classesto five (k = 5), we get the re-
sult shown in fig. 49.

5.d.6. Classification methods

An important question to be answered is obviously what
clusters among those resulting from the above proce-
dures correspond to interesting sites. Notice that k-
means will cluster the pixels only according to adis-
tance measure applied in spectral space. The meaning
of these clustersis not considered during the clustering,
so any one of the clusters could represent an interesting
cluster.

Although supervised segmentation (clustering) was
found to perform poorly in grouping pixels according to
spectral properties, we expect these methods to perform
better when trying to distinguish between clusters
based on their shapes, etc. The reason for thisissimple:
as we have seen, candidate sites may have a number of
spectral signatures, not in any way distinct from those of
non-candidate regions. Thisis why we suggest afield-
wise treatment of the data, processing each field with a
locally adaptive algorithm.

We expect the clusters corresponding to interesting re-
gions to share shape (and other characteristics) to a
much larger degree than was the case for spectral prop-
erties. Thisis so simply because remains of central pre-
historic human activity areas (cultural heritage sites)



must have certain shape and sizerestrictions. In partic-
ular, very large clusters can be ruled out based on the
simple fact that man-made structures from the periodsin
question were of limited size. Furthermore, it is reason-
able to assume that interesting regions will have certain
compactness and shape properties that can be used to
distinguish them from non-interesting regions.

We have not gone far in the investigation of this prob-
lem, but believe that the following properties might be
appropriate for separating interesting from uninteresting
clusters (see aso examplesin fig. 50).

1. Upper limit on size: The extent of remains of pre-
historic human activity must have an upper limit.

2. Lower limit on size: Considering clustersthat are
too small will make the algorithms much too sensi-
tiveto noise.

3. Rectangularity and polygonality: Very rectangular
or polygonal regions are probably results of present-
day activity.

4. Compactness: Interesting clusters are probably
fairly compact. Thus clusters surrounding others are
probably not interesting.

5. Aspect ratio: Thismeasure, closely related to the
previous ones measures the ratio between the mini-
mal and maximal length of linesinscribablein the
considered cluster. If thisistoo small, the object will
be avery elongated structure.

6. Grouping: Human activity is often concentrated in
small areas, so the presence of one interesting cluster
should increase the probability of nearby clusters be-
ing considered interesting.

7. Others: A very large number of shape properties
have been devised. Testing all these for their dis-
criminatory power will be necessary

5.d.7. Conclusion

Our principa conclusion based on thisinitial study is
that computerised processing of satellite datain search
of cultural heritage sites is feasible. Furthermore, the
processing will most probably be a three-step process
consisting of the following steps:

1. Pre-processing: We are convinced that afield-by-
field treatment is necessary. In preparation for fur-
ther processing, the field masks derived from land-
use maps must be applied, so that each field can be
treated apart. Furthermore, every field should be pre-
processed in order to suppress artifacts that could in-
terfere with the clustering. In particular, plough fur-
rows must be removed. Fourier analysisin
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combination with mathematical morphology will
probably be a good candidate.

2. Spectra segmentation (clustering): Again, this must
be performed on afield-by-field basis. Due to the
large variability in the data, an unsupervised cluster-
ing (k-means) must be applied, possibly in amulti-
stage process, to each field. Thiswill cluster the pix-
elsin thefield according to their spectral properties.

3. Object-parameter clustering (classification): Having
clustered the pixels according to spectral properties,
afinal processing step isto process the different
clusters (objects), looking for clusters with shape
and size characteristics that make them candidates
for being cultural heritage sites. It is our belief that
this step will befairly smple, since little can be said
in general of the shape of a cultural heritage site.
Most probably, the discrimination will be made on
some very simple size and shape criteria.

We have had access to satellite images from three differ-
ent satellites during this project. In order of increasing
resolution these are: LANDSAT7 ETM+ , IKONOS and
QuickBird. From thisinitial study it would seem that a
resolution equal to or better than that of the IKONOS
datais necessary, which means that the panchromatic
data should have aresolution of roughly 1 m or better
and the multispectral data a resolution of roughly 4 m or
better. The multispectral part of the data can then bein-
terpolated to the same scale as the panchromatic data,
providing a reasonable resolution in the final images.
The choice of aminimum of 1 m resolution also seems
reasonable based on a consideration of the structures
that are to be resolved on the ground. Data from the
IKONOS or QuickBird satelliteswill probably be well
suited for aproject like this. Another issue concerning
the satellite datais obvioudly the time of acquisition. It
isvery surprising to see how ground detailsvisiblein
one set of data might be more or lessinvisible in others.
We strongly suggest that a future project addresses this
issue.

Furthermore, based on thisinitia study, we are con-
vinced that afully automated system is nearly impossi-
ble. Thisis due to the simple fact that even human spe-
cialists frequently reach different conclusions
interpreting the images. The decision asto whether a
siteisor is not interesting depends on many details. The
spectra signature and shape of the site is only one of
several factors that must be taken into account. Knowl-
edge in archaeology and local history coupled with ge-
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ography and, obviously, knowledge from field surveys
will often be of primary importance in the final interpre-
tation. We believe that if the development of software
for processing satellite images looking for cultural her-
itage sites is undertaken, the aim should be to provide
the human speciaists with atool for detecting poten-
tially interesting sites, leaving the final interpretation to
the human specialists. Such atool would greatly reduce
the burden on the human specidist, since it would be
able to guide the speciadist from site to sitein the im-
ages. The specidist would then concentrate on the ac-
tual interpretation of the different sites that are detected.
Furthermore, such atool could learn from input from
different users, thus paving the way for more objective
decisions.
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6. General conclusion and future activities

The genera aim of the 2003-project has been through
afeed-back processinvolving several interrelated
themesto create the outlines of a system for interpre-
tation of satellite data from agricultura fields and for
ground-based verification/rgjection of the anomalies
distinguished, which can facilitate representative and
cost-efficient mapping of cultural heritage sites.

It has been demonstrated that the density of registered
cultural heritage sitesin agricultura fieldsis probably
only afew percent of what it should have been, be-
cause alarge fraction of these sites have been dam-
aged systematically through time (Gregn and Loska
2002). It has furthermore been shown likely that 1)
geo-chemistry has quite a potential as abasisfor the
development of a ground-method for verification/re-
jection of anomalies distinguished as potential cultura
heritage sites and that 2) the resultsin areasonable
number of the test cases support the assumed character
of anomalies as reflections of the remains of cultural
heritage sites. The results of the Norwegian Comput-
ing Center’s evauation of the satellite data suggest
that the development of a partly automated procedure
for the mapping of potential cultural heritage siteson
the basis of multispectral satelliteimagesisrealistic
and should beintegrated into the project, underpinned
by other analytic approaches to the images.

On the basis of the results obtained so far, it seems real-
istic to engage in alarger-scale development of a
methodol ogy for a support system for an up-to-date cul-
tural heritage administration. At the moment, a continu-
ation of the activities as a national program is being ne-
gotiated, running over a period of severa years.

Geographically, it seems optimal to maintain work in
the dready defined study area so that it can serveasa
future reference area for method tests and further devel-
opments. It seems sensible to start work in one or two
other study areas such as Vestfold and/or Reros during a
larger-scal e devel opment project. Decisions about such
developments of the project should be made on the basis
of the methodological development in general.

Experiments should be carried out with other datathan
LANDSAT7 ETM+, IKONOS and QuickBird images.
It ispossible that hyperspectral recordings (airborne
scanner) can serve as abasis for a precise testing of the
optimal and the necessary resolutions for distinction of

ANALYSIS: Development of a
method for distinction of
anomgalies that represent

cultural heritage sites
PRODUCTION of

improved
expectations
for the analysis

TEST: Development of a ground based method
for verification or rejection of the anomalies
expected to represent cultural heritage sites

Fig. 51 The feed-back development process in the project.

cultural heritage sites. It seemsthat a panchromatic res-
olution of 1m corresponding to a multispectral resolu-
tion of afew metresisrequired (Shennan and Donoghue
1991). Meanwhile more precise information about the
resol utions required can be used to minimise the prices
for satellite datain concrete cases.

Because of the significant lack of registered and known
cultural heritage sitesin the agricultural fields observed
in the study area (Gren and Loska 2002), geo-chemistry
can contribute considerably to an improved ground truth
that will be important for the devel opment of the pattern
recognition. It is promising that the results suggest that
significant and structurally similar chemical anomalies
arerelated to suggested cultural heritage sites. Anim-
portant project element will therefore be the study of the
chemical signatures of different types of cultural her-
itage sites. Such a study can lead to the distinction of the
sizes and shapes of characteristic features related to the
cultural heritage sites.
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The surprising difference between the cultural heritage-
relevant information that can be extracted from the
IKONOS image from August 21, 2000, and the Quick-
Bird image from July 3, 2003 shows that it isimportant
to find the optimal time aswell as the optimal climatic
conditions for recording. These may vary for different
types of images, as can the post-processing and classifi-
cation procedures necessary for the application of pat-
tern recognition based on different image types.

Anaysis of the satellite images for all kinds of small-
scale anomalies that relate to cultural heritage sites
should be continued to improve the analytic understand-
ing of the character of cultura heritage sites and thus
underpin the development of a useful pattern recogni-
tion procedure.

Extensive testing of methods for pattern recognition will
require a close connection to the system managing the
satellite data. Because the development of such asystem
from scratch will be extremely work-intensive, adapta-
tion of an already existing system to the problem at
hand seems the only realistic approach. The locally
adaptive method for clustering regions within each field
should be further devel oped, and the application of
masks for agricultural land (available from NI1JOS)
should be tested in relation to the development of a pat-
tern-recognition procedure.

A redlistic goa for afour-year project period could be
thetesting of a pilot version of a support system for cul-
tural-heritage administration based on the results ob-
tained. This should be to test out the system’s basic
functionality, whereas the development of user features
lies outside the scope of this project.

A basic element in the project’s strategic thinking is that
it is seen asimportant to approach the cultural heritage
problem in hand at the small-scale level. Not before the
methodology is mastered at thislevel will it be possible
to apply it to larger-scal e settings and modelling.

With the rapid devel opment one can observe today of
remote-sensing based toolsin other sectors, it is most
likely that one can expect 1) a continuous devel opment
of the methodology supporting the cultural heritage ad-
ministration driven by the demands of a modern admin-
istration and 2) an increasing integration of the method-
ologies employed in the different administrative sectors,
dueto their use of the same types of basis-data.
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Notes

(1) Thereis much overlap in terminology concerning al-
gorithmsfor grouping pixels according to their spectral
properties. Some authors will use the term segmentation
for this process, others will refer to this as clustering.
We will continue to use both terms throughout thisre-
port.

(2) Fourier anadlysisis a standard technique in image
processing, avery good reference being Jain 1989.

(3) Thisisastandard image-processing technique. A
clear and detailed reference is Soille 2003.
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