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Abstract-The computer multi-criteria classification of the locations on the map can help in the predefining the areas
for archaeological survey. The assumption is that settlements were located considering a number of rational criteria.
The criteria considered here are geographical criteria: the walking distance from drinkable water and arable areas. The
method calculates the areas that are in reachable distance from each criteria then combines the data using Simple Additive
Weighting method. The method was tested on real known location settlement from Venetian period in south coast Crete.

[. INTRODUCTION

Archaeological survey is a time consuming and
labor-intensive task of searching and mapping of ar-
chaeological remains of the ground surface. One of
the types of remains are traces of settlements. Predefi-
ning the interesting areas can lead to faster finding of
the site of the interest. Up to now the areas to be sear-
ched were defined by archaeologists who, using their
specialized knowledge, could evaluate how likely it is
to find some remains of an archaeological site in the
area. Although the specialized knowledge will be al-
ways necessary there might be possibility to partially
automate the initial selection of areas.

The settlements are up till now created with some
reasoning, like distance from other city, access to
roads, climate, etc. Recognition of such criteria can
help with determining what was the function of set-
tlements and their location. There are two main types
of such factors: the geographical and the anthropolo-
gical. The anthropological factors are much more in-
fluential but very difficult to define, they are factors
such as distance from the nearest settlement, trade ro-
ute or defensible location. The geographical factors are
the ones connected to the location and terrain, as e.g.
short (walking) distance from water source or arable
areas, difficulty of the terrain. Other of such factors is
the proximity to the drinking water - the people wo-
uld generally consider living near the rivers, but not
too near to them if the river regularly floods the area.
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Fig 1. The sample of the data - south-west coast of Crete, Greece, in yellow are
marked arable lands, grey areas indicate the known settlements, blue colour repre-
sents the rivers, different shades of green and beige represent the height over the
sea level.

The arable land is the source of food, but creating the
settlement on the most fertile land is wasting of far-
ming potential. In this work we focus on geographical
factors that favour the establishment of a settlement.
The considered area is Crete, and the settlements that
are in our example are from Venetian period. Crete
is rich in archaeological material and the settlements
were established not too far from each other. That gi-
ves a good test case for our algorithm and the data so-
urce for determining the parameters in our method.

[I. THE MULTICRITERIA CLASSIFICATION

The method calculates the cost of walking from
the defined resource to each other point reachable on
foot. Distance is represented by the cost of walking
in the terrain. The cost is defined by the topological
relief function that represents the difficulty of the ter-
rain. The difficulty is calculated from the raster repre-
senting the height above sea level, by first calculating
the normalized average if the height over some area
z(in our case 10x10 cells), and then each cell of the
topological relief is calculated according to the for-
mula:

S(x;:) = Ip;‘k _Z;:| s

where p* is the height above sea level and x. is the ag-
gregated cell of the raster.

The algorithm for calculating the cost of reaching
each point of the map is based on Bellman-Ford al-
gorithm is used. This algorithms starts at a point with
the required resource, then calculates the cost of ac-
cessing all of the neighbouring cells, then neighbours
of those cell and so on. When it finds the cheaper route
to the cell it recalculates again the costs and the paths
ensuring that the cheapest route is found. It calculates
till it reaches the threshold cost that is representing
the distance that is too far or/and too difhicult to ac-
cess regularly on daily basis. The cost is calculated for
every cell of the raster map and for every criteria se-

parately. The areas unreachable on foot are excluded.
The final classification of points on the map is done by
calculating the weighted sum of the costs for all of the
criteria.

The calculated costs for each criterion are presented:
in Fig. 2 for proximity to arable land and in Fig. 3. for
proximity to sweet water.

[I. SIMPLE ADDITIVE WEIGHTING
We consider weighted function to combine the
values of a decision-making options for given criteria.
The weights for the additive weighting methods are
determined using the real example. The considered
example is a real map of remains of settlements and

archaeological sites in the area of south-west coast of

Crete, Greece (presented in Fig. 4 in black). To calcu-
late weights the two different methods were used: the
simple calculation of the sum of the costs and the me-
thod of auxiliary vectors.

Our aim to calculate the function that indicates
how suitable the area is for establishing the settlement,
which means where archaeologists should focus their
search:

flx)=w f, (x)+..+w f (x),

where f (x ) is a value of a decision-making option for
the given criterion, w, are weights such that ¥ “*w =1,
d represents the number of diftferent criteria. We want
to classify points on the map to get the settlement po-
ints using function f. Of course weights may be given
by decision maker but we want to estimate them by
using known locations of the settlements (Fig. 2. and
Fig. 3.). The problem is that for the given data
and the given values of function f the solution set for
w, may be empty.

Let us assume that we have some prepared data with
information about localization i.e. we have points
0,,0,...,0, Which are the settlements points in Fig. 1.
For each point 0, i=1,2,...,p we have information abo-
ut value of each criterion f, i=1,2,...,d. For example in
Fig. 2. and Fig. 3. we can see the values for f and f,
respectively.

The first method to quickly approximate the we-
ights was to calculate the average distance and ma-
ximum distance of the known settlements from the
resources as sweet water and arable land. It is done by
calculating weighted function for w,_from 0.05 to 0.95
with interval of 0.05. Then for the outcome weighted
grid the average (AVG) and maximum (MAX) distan-
ce is calculated:
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Fig. 3. The calculated cost (colours from green to red) of reaching the rivers (in blue).
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Fig. 5. The outcome for w, = 0.2 (for arable land) and w,= 0.8 (water).
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Fig. 6. The outcome for w, = 0.55 (for arable land) and w,= 0.45 (water).
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Fig. 4. The simple approximation of the best weights, w1l is the weight for the arable
land criterion, w2 for the proximity to the sweet water.

The results of such approximation are presented in
Fig. 4. The best result give the weight of w =0.2 and
w,=0.8. This solution is presented in Fig. 5

Such calculation of weights is very simple, so the me-
thod of auxiliary vectors was used. Let us calculate au-
xiliary vectors W ,W_,...,W in the following way:
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Let us denote Wlk as I-th element from the vector W..
We can define our weights in the following way:
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This method gave the values w =0.543069 and
w,=0.456931. This solution is presented in Fig. 6.
The real difterence between those weights are very
small, but it seems that at least one settlement is better
defined with the auxiliary vector method.

The values of the weighted cost give the raster de-
fining the most interesting places from archaeological
point of view.

IV. CONCLUSION

This approach creates a classification of the areas from
the most promising for archaeological survey to ones
where it is the least likely to find some interesting di-
scoveries. The method does not include anthropolo-
gical factors, which means some settlements might
be outside of the preferred areas, e.g. a port. Method
is calculating the cost of reaching the resources then
using simple additive weighting method it combines
the results for each criterion.
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