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ABSTRACT:

The part of the Czech Republic - West Bohemia is Wetdwn for mining activities, different types of rawaterials have been
extracted from mines near Jachymov, Sokolov andratties since medieval times till today. Thereaiginal maps of some sites,
as well there is effort of some geologists to fardl map relics of mining activities (such as digshle in terrain) by land survey.
The quality of these available maps is unfortuyatplestionable - due to its age or used methods.afdu was to find resource
useful for searching for these sites, than to iedd Survey to confirm our findings. We used avaigadigital terrain model (DTM)

based on airborne laser scanning (ALS) technolagynap relics of mining activities in West BohemiaheTCzech Office

for Surveying, Mapping and Cadastre started in 200@$ct for terrain mapping using the ALS methote him of mapping was to
get authentic and detailed DTM of the Czech RepuBlimut 2/3 of area is currently covered by the Diflssed on ALS, this year
the mapping should be complete. The dataset iscteaised by the density of 1-2 pointé/and thestandard deviation in altitude
of model points is up to 30cm (in forested are®$. had DTM in form of shaded surface for one thifdhe Czech Republic.
The shaded surface enables to highlight terraimlbtimes, which is suitable for archaeological ezsbk. Terrain modifications
caused by human activity are characterized byitelmaak lines, local tops or pits, which do notdi local geomorphology. Visual

image interpretation of the dataset is in the psece

1. INTRODUCTION

For several years, our research group has beemested

in using airborne laser scanning for searchingfohaeological
sites such as abandoned settlements (Faltynovalk@a2011),

documentation of already known sites (Faltynovalgt2013)

and also using terrestrial laser scanning for mapmbjects

in area of cultural heritage protection (Pavelkaakt 2010).

During visual prospection of available ALS dataset found

amount of remains of mining activites and we falis
on potential of the dataset for documentation efdmic mining

activities.

History of mining activities in the area of the CadRepublic is
described in detail in (Majer, 2004) and (Jiras2®]0). West
Bohemia is well known for mining activities and éifént types

Soon there will be available ALS dataset and dedalDTM
based on this dataset for the entire area of thelCRepublic
and the aim of this paper is to show its potential
for documentation of old mining activities in foted areas
on a case study in region Jachymov. There arenadighaps
of the sites, which were used as well.

2. DATA
2.1 AirbornelLaser Scanning Dataset

In our project we used data acquired by the CzecliceOf
for Surveying, Mapping and CadastféJZK). Since the spring
of 2010 the entire area of the Czech Republic waspetp
by ALS (full-waveform scanner RIEGL LMS 680 is curtly

of raw materials have been extracted from minesr nedeing used) with an expected finishing date byethe of 2013.

Jachymov, Sokolov and other sites since medievabdi till
today. Especially in the vicinity of Jachymov thevere silver-
fields exploited since 1 century (Majer, 2004). We have
chosen this locality for the case study.

Airborne laser scanning technology is successfuglgd in non-
destructive archaeology (Kuna et al., 2004) andl fits
application mainly in forested areas (Doneus et 2008).
The technology has been used in the Czech Republiase
study at Jistebsko (Gojda et al. 2013). There iedensive
Neolithic quarry site, where there was extractee thaterial
for stone axes. ALS technology enabled an ideatifin
of a previously unknown part of the Neolithic quesite, which
was overlooked before because of a dense vegetatiar.

* Corresponding author.
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Investors of this project are the Czech Office fam@ying,
Mapping and Cadastre, the Ministry of Defence and th
Ministry of Agriculture of the Czech Republic. Thisitdset is
being used to obtain a highly accurate digitalai@rmodel for
the purposes of administration, for example indbtection
of flooded areas, orthorectification of areal inmgéc.

Parameters for scanning have been set to gainna ptmud

with a density of about 1 point/m2 and with a sioleerlap

of adjacent strips of about 50%. Typical product tbis

mapping is a DTM in form of a regular grid or aatrgulated

irregular network (TIN). Further details can be ridu
in (DuSanek, 2011). We used original point cloudsd a
the DTM displayed in form of shaded relief.
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2.2 Historical Mining M aps

Ore deposits had been traditionally mapped ancethez still

original maps of some sites. The quality of thesapsn
unfortunately corresponds to the period of origithe- accuracy
of the maps is poor due to or used methods. Desipigefact

the original maps can give us useful informatiord aan be
compared to modern datasets such as a DTM baséd.®n
(Bofinger, 2006). On the other side, most of thesgsnhave
incalculable historical value and are works of &t its

information value is questionable (Fig. 1)

e S ot it B

oy~

Figure 1. Mines in Jachymov (1757) — fr@i@S archive

The Czech Geological Surve¢'GS) on its websites provides
historical maps or at least enables preview oftlaps through
web map service (WMS) or digital archive. Maps thate not
yet been digitized are available for inspectionstndy room
at the archive of the Czech Geological Survey.

3. REMAINSOF MINING ACTIVITY IN DIGITAL
TERRAIN MODEL

3.1 Site

Jachymov is one of the most frequently used orériclis
in Czech part of the Ore Mountains. Mining historfy this
region started in 1B century by silver fever and over
the centuries deposits of different ores were fourtthis region
— besides silver, also bismuth, nickel, cobalt ammhium. We
have chosen two sites — site in direct neighbouthafathe city
Jachymov (Fig. 2) and few kilometres further hilleduik

(Fig. 3).
3.2 Digital Terrain Model

Mining activity left significant scars on Earth fage - terrain
modifications characterized by terrain break lilesal tops or
pits, which do not fit to local geomorphology. Thisrrain
forms can be found almost unchanged after centirritegested
areas, where heavy machines didn’t damage it.

To create DTM from point clouds at first the filien has to be
done. Filtering means separation point clouds teteain and
off-terrain points. A variety of developed filtegnmethods
(Sithole & Vosselman, 2004) points to the imporganc

This contribution has been peer-reviewed. The peer-review was conducted on the basis of the abstract.

of quality filtering algorithms for the determinati of high
quality digital terrain models. The automatic filtey method
was used, but some parts of the model had to hieedef
by semi-automatic function (for both used TerraSxaftware).

From filtered points the DTM in form of TIN and sted relief
were created. Local pits and tops can be detectedxample
by creation of detailed and smoothed DTM. By latésteaction
smoothed and detailed DTM the local differencesobex
clearly visible. Another way is to use shaded fglighich
simulates the cast shadow thrown upon an Earthifacmi
The shadows most frequently follow the conventidérop-left
lighting. Chosen direction of lighting strongly affe what can
be clearly seen in the relief. As a consequencaiteedges that
follow the illumination direction are not visibla shaded relief.

3.3 Results

From shaded relief (Fig. 2) it is clear where de mining pits
surrounded by excavated material. Some of thenmdime and
show where the lodes go.

Figure 2. Shaded relief - J&chymov

4. COMPARING DATASETS

Situation of the second site hill ddnik was described
in mining map from 1788. The scale of map was 10133ur
aim was to compare the original mining map withddthrelief
based on ALS. It was essential to find identicahfin both
dataset to transform original map. The original nugesn't
include enough additional labels to identify anyegks. So we
started with presumption that the orientation ahd tcale
of the map are approximately correct. Then we mabhedmap
over shaded relief and tried to find position inieththe drawn
gangues masked pits in relief. After all we slightevised
the orientation and the scale. We used simple aiityil
transformation. The identical points are in rectleir(Fig. 3).
Affine transformation would be also possible beeaus
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the shrinkage of paper map could be different ffedint
direction.

Some of the objects drawn in original map are nigtble
in shaded relief. These objects may have wrong tipasi
in the map or they didn’t caused obvious terraiange. As we

in countryside,Geoinformatics [online], vol.6, no.1, pp. 97-
102, 2011, ISSN 1802-2669, available from:
http://geoinformatics.fsv.cvut.cz/pdf/geoinformatice-ctu-

2011-06.pdf

Faltynovd, M. & Pavelka, K. 2011. Aerial laser stig

mentioned before, the accuracy of the map is astleain archaeologyGeoinformatics [online], vol.6, no.1, pp. 103-
questionable, but we will make field survey to fiyd these
objects.

——

Figure 3. Médnik - DTM in form of shaed relief and mining
map (1788) - fronCGS archive

5. CONCLUSION

In this project we have used the ALS dataset thithtbe soon
available for the whole area of the Czech Republichds
demonstrated its strengths for mapping manmadectstas
such as remains of mines covered by dense foré&tsalso
compared this data with original mining map, whigéve us
new impulse for field survey. The ALS technologwegius
strong tool but the need for surface verificatidniraividual

discoveries also became apparent. With little keolge about
the local terrain, the objects could have beenakést.
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