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Abstract: During three years (2010 12) The Czech Office for Surveying, Mapping and Cadastre dperation
with The Ministry of Defense of the Czech Republic and The Ministrgriculture of the Czech Republic are
providing mapping of the entire area of the Czech Republic by Aebtarser scanning (ALS) technology. The goal of
this project is to derive a highly accurate Digital Terrain Model (DTM) fmppses of administration like detection of
flooded areas, orthorectification of areal images etc. Such datdseeseeems to be an interesting data source for
mapping of human activities in countryside. Human settlements, agricultureing mtivities left significant scars on
natural landscape. These significant man-made structures are a artcafled cultural landscape. Man-made
structures include ancient settlements, remains of medieval mining activities angeshaettlements abandoned
during 28" century. This article generally presents how to derive information abewman-made structures from raw
LIDAR. Examples of significant findings of man-made imprints in dogside are also presented. Goal of this article is
not to describe a certain archeological site but to inform about strerfgfisS alata to map human activities in
countryside, mainly in forested areas.

1. INTRODUCTION

1.1 Project of New Elevation Mapping of Czech Republic

Since spring 2010 the entire area of the Czech Republic is mappechbgltgry of Airborne Laser Scanning (ALS).
Investors of this project are the Czech Office for Surveyingppay and Cadastre, the Ministry of Defense and the
Ministry of Agriculture of the Czech Republic. The Czech Office for Sgingg Mapping and Cadastre organizes and
coordinates the project and is responsible for data processing from % of the area of the Czech Republic. The Ministry of
Defense provides data acquisition and capacity for processing of data from Y4 of the area. The Ministry of Agriculture is
contributed with resources for the ALS system leasing. For the data acquisgi@zech Republic is divided into 3
parts (se Figure 1). The first one (“central zone™) was covered in 2010, the “zone west” is being scanned in 2011 and

the “zone east” will be scanned in 2012. Parameters of the scanning have been set to gain a Point Cloud weithity d
about 1 point/rhand with side overlap of adjacent strips about 50%. There exist twofgetsjects: one for spring
seasons and one for vegetation seasons. During the springssaasaverage flying height is approximately 1400 m
above ground level and a distance of flight lines is about 83Muning the vegetation seasons an average flying height
is approximately 1200 m above ground level and a distance of fligdst i about 715m.

Figure 1: Division of the Czech Republic for data acquisition
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1.2 Airborne Laser Scanning

Airborne Laser Scanner, also called LIDAR, is an active remote sensirg $iidres RaDAR). Difference between
RaDAR and LIDAR is wavelength of used electromagnetic radiation. LiDARoiking in visible or near infrared
spectrum [1]. The basic principle of ALS is measuring of distance betwasorsand point on ground [2]. The distance
is measured by transit time of laser beam. By emission of laser mglasurement of time is started, pulse hits
measured surface and returns back. Then the measurement of man&téinded [3]. By this definition it is clear that
the distance between sensor and measured point is %2 of the transit time multiplied by the speed of light. The accuracy of
measured time is crucial for accuracy of distance measuring. Airth@ser Scanner System consists of a laser distance
meter unit, an opto-mechanical scanner and a processing & contradjuiiihg laser distance meter unit consists of a
laser emitter, clocks for measuring transit time and an electro-optical receienpto-mechanical scanner provides
emitting laser pulse across a flight direction. The processing &ataumtit consists of a data recorder and a GNSS/IMU
system, which is necessary for georeferencing the measuremerigintference coordinate system (WGS84).

1.3 ALS data processing

Processing of ALS data is divided into three main phases. The first pheaéedoPreprocessing consists of separation
discrete echoes which represent measured surfaces. In the project meationeda full-waveform scanner RIEGL
LMS 680 is used. Digitizing of full-wave form ALS data (separation of dis@elmes) is a process of modeling the
waveform as series of Gaussian distribution functions [5]. Thepagkof the Preprocessing is Georeferencing of ALS
data using two inputs: digitized ALS data and flight trajectory. Flight trajestare reconstructed from on-board
GNSS/IMU data corrected by ground GNSS base station data. The last part of the Bsemwrquease is a Strip
Adjustment, which is a process of relative orientation of neighbodiyig strips eliminating residual errors in ALS
data. The Strip Adjustment is done by matching of tie objects (tie planesgilapping areas [6]. The output of the
Preprocessing is a Point Cloud which is a large set of mass 3D paiets.pBint can also carry some additional
information (intensity, GNSS Time, etc.). The Point Cloud contains a reixitiground points and points lying on
objects above bare Earth. The process of separation of grouncdbasgtaund points is called Filtration. There are
several filtering algorithms which are described and compared in [7]. Dhstrfiltering algorithm (used in the project
mentioned in 1.1) is iteratively leveling down the reference surfagimts too high above the reference surface are
sorted out and they do not affect height of the reference terrain irstepxtAutomatic filtering of ALS data is quite
successful but manual checking and editing of errors is stillssapg Digital Terrain Models (DTM) can by derived
from ground points. DTMs have a form of a regular grid or an iteedgtangular network (TIN).

2. ALS DERIVATES SUITABLE FOR ARCHEOLOGICAL PROSPECTION

2.1 Digital Terrain model

Digital Terrain model (DTM) is a 3-D representation of terrain including naturattatas (hills, valleys etc.). Highly
accurate and detailed DTMs include also man-made structures permanently clohaghoter of natural terrain. Such
man-made structures include linear transportation objects like road anddademseways, rock fill dams etc.
Distinctness of a man-made structure in DTM depends on its size ay®itDTM generally exists in two forms, grid
(Figure 2 a) and TIN (Figure 2 b). The advantage of regularly spaitkchgdels is in their simple representation which
is profitable especially in computations. The disadvantage of grid modaldaist that they lost information about
terrain edges. The size of the smallest object represented by a model depeasdsutiom of a grid model. Irregularly
spaced mass points (ALS Point Cloud) are a source for TIN medelration. Chosen mass points become nods of
triangular network, nods are connected by edges and 3 edges form le.tamN model created directly prom ALS
data is too dense. Density can be reduced by removing irrelevant ponitpg@ints on flat terrain). A TIN model better
depicts breaklines of terrain as rock edges, dike edges, etc. and forofliteesain as a ridge lines and valley lines.
Density of TIN nods is higher in rugged terrains and on terrainsedge

2.1 Visualization of DTM

DTMs are suitable products for many applications like orthorectification of aerialegndlpod risk modeling,
pedological modeling etc. Archeology and cultural heritage exploration and documentsib suitable visualizations
derived from DTM. The most common visualizations of DTMs are hypsorfieigyre 3 a), contour lines (Figure 3 b),
shaded relief (Figure 3 c) or their combination (Figure 3 d).
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Figure 3: Visualization of DTM (source: archive of Land Survey Office). Left: visualizatignaDTM,
right: visualization of TIN DTM

e

Figure 3: Classical visualizations of elevation data

For archeological purposes shaded relief is the most suitable traditional visualimaetiood of elevation data. It is
mostly generated with the illumination azimuth of 3{8orth-wes} and the illumination altitude of 45°. Disadvantage

of the shaded relief is a fact that linear structures parallel to illumination arésptatyeéd [9]. This problem can be
solved by using two shaded reliefs with perpendicular illuminatiomgir€&i4 a) shows shaded relief illuminated from
north-west and Figure 4 b) illuminated from south-west. In Figure & l@)ear structure inside the red polygon is
obvious; in Figure 4 b) a perpendicular linear structure inside tha gadg¢gon is well recognizable.

Figure 4: Shaded reliefs with perpendicular illuminations. Left: classical illumination from nortiRigfst
illumination from southwest.
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Usage of shaded relief is limited by the illumination azimuth. A combinaticeihaded relief and terrain slope (Figure
5a) ensures improved visualization in comparison with terrain slope visualizagtirmentioned in [9]. A combination

of shaded relief and terrain aspect is another possible visualization methact Fib). As it was already mentioned, a
different angle of shaded relief illumination shows linear structurekffierent directions. Shaded relief is represented
by gray scale image. A RGB image is composed from three grégy istages. This paper presents color composed
shaded relief which is a combination of three shaded relief images (esh gnd blue color) illuminated from
azimuths 315 195° and 75° (Figure 5 c). A color composed RGB shaded relief seems to be ideal for archeological
exploitation. Color of illuminated surface represents aspect and hue represeatsfgkrrain.

5 . B

Figure 5: Alternative visualizations of elevation data: a) shaded relief with transpamgreyesier,
b) shaded relief with transparency aspect layer, c) color composed RGB shaded relief.

3. EXAMPLES OF DETECTION OF MAN-MADE STRUCTURES IN ELEVATION DATA

3.1 Ancient Celtic oppidum

The Oppidum Vladat is situated in cadastral area of the villages Zahotice and Vladofice in the county of Karlovy Vary.
The acopolis is situated on a plateau of the hill elevated about 230 m above the valley of the river Stela. The Oppidum
was constructed gradually in a longer time period. Its global are®i3 tha, the area of the acropolis is 13.4 ha. The
residuals of a circumferential fortification defending the acropolis have adrampart [10]. Visualization of an
orthophoto is on Figure 6 a) and a color composed RGB shaded relefFigure 6 b).

200 400 } 200

Figure 6: a) Orthofoto and b) Color composed RGB shaded relief of the oppiduni Vlada
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3.2 Medieval mining activities

At steep slopes of Krusné Hory in the municipality Krupka there are situated many remains of mining activities. As
mentioned on official web pages of the municipality [11], first mentiomsining in this region come back to the™.0
century. At Figure 7 it is easy to recognize dumps around surfacegngiité (the red polygon). In the green polygon
there is a linear structure which appears as a fallen underground shatft.

Figure 7: Color composed RGB shaded reliehafing fields near Dolni Krupka

3.3 Post World War 2 abandoned settlement

The abandoned settlement Linda (German Lindau) is one of typical exaoffiistorical changes after World War 2 in
the border regions of the Czech Republic. According to web pages dedlingerished villages [12], the bordering
zone was the reason of the Linda settlement destruction. The nuniblealmfants was 173 in 1921 and 11 in 1950, the
number of buildings was 26 in 1921 and 14 in 1950 [12Figure 8 there is visualization of an orthophoto a) and a
color composed RGB shaded relief b) of the abandoned settlement Linda.

0 50 100m S0 50 100m
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Figure 8: a) Orthophoto and b) Color composed RGB shaded relief of the abandoned settlement Linda
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4.CONCLUSION

This paper presents a big potential of ALS data for archaeological investigationsnadie structures in landscape can
be distinguished from natural terrain. It is important to prepare a suitabée safinformation for man-made structures
detection from ALS data. First of all it is necessary to filter out points reflected fonground objects. The filtration
process is necessary for many other applications exploiting elevation datechamodogy it is crucial to visibly detect
significant elevation changes in DTM. For such purposes shaded relighlslesuTo detect structures in all directions
it is good to combine shaded relief with slope [9] or aspect. This pgapsents new technology of visualization
elevation data. This technology is based on composition of three shaddd, redch illuminated from different
azimuth. By composition is obtained RGB image showing linear strudturas directions. Data density is the only
ALS data limiting factor for its usefulness in archaeological prospectiois. circumstance is mostly influenced by
used scanner, flying height and vegetation season. Data usédfpaper is acquired for the whole country in a short
period. Mapping in scale 1: 5000 is its basic purpose. The data is rsat €leough and not whole data set is taken in
ideal vegetation season like in [9]. Nevertheless the ALS data can beteadsting source for archaeological
investigation especially in wooded areas.
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