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In the coastal line of Zonguldak cut-and-fill areas were determined and
extracted successfully using object based image analysis on the basis ¢
image.

ATION OF AIRBORNE LASER SCANNING AND OTHER
ESTRUCTIVE TECHNIQUES FOR ARCHAEOLOGICAL
PROSPECTION
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areas. The increasing use of airborne laser scanning data for her
assessment [1] is connected to a rapidly growing availability of these dat
past decade. The greatest advantage of the ALS technique compared to aei
lies in its potential to discover objects hidden in forested areas via laser b
able to penetrate even a dense vegetation. ]
The DTM (digital terrain model) based on ALS visualized in appropriate
topographic variations serves archaeologists as an invaluable source 0
ways of DTM visualization are described in detail in following paragrap

DATASET

In our project, we used data acquired by the Czech Office for Surveyil
Cadastre. Between years 2010 and 2013, the entire area of the Cze
mapped by ALS (full-waveform scanner RIEGL LMS 680 was used)
being used to obtain a highly accurate digital terrain model for |
administration, for example in the detection of flooded areas, orthorect
images etc. Different parameters of mapping were used depending on th
spring an average flying height of approximately 1400 m above ground
lines distance of about 830 m, during the vegetation season an averag
approximately 1200 m above ground level and a flight lines distance
typical product of this mapping is a DTM in form of a regular grid or a
data for project was acquired in form of Digital Terrain Model of the €
the 5% generation (DMR 5G), which represents the image of natural or:
digital form as heights of discrete points in a triangulated irregular ne
total mean error of the height 0.18 m in open terrain and 0.3 min a fore
The density of the point cloud representing DTM (for many areas, lov
square metre) is not sufficient for every application. Nevertheless, it has
used in archaeological projects before [3], [4]. 4

on of identified terrain objects and their rendition in the engraving.

4, a triangular irregular mesh has been computed which served as source

ns. The most widely DTM visualization method — a shaded relief

! » ng) — was used. The shaded relief simulates the cast shadow thrown

ot : ed surface_; it prod.uc.es an appearance of three-dimensional space and
i ‘ .small. he'lght variations and terrain discontinuities typical for ma

p 4 lll:ummatlon dlre?tion was chosen from the north-west according ?(;

k! ta:?osrfer\(/;r:t dls:ppearmg of obj.ects parallel to this direction, the

- north-east was combl.ned to achieve a reliable view on

i ntours. The formations found using DTM were verified by a field

Trebel battlefield

A pair of engravings of the battle of Tiebel is part of a detailed repoi
campaigns in Bohemia at the end of the Thirty Years” War in 164
published in an extensive journalistic work Theatrum Europaeum, isst
the Frankfurt engraver and publisher Matthdus Merian (1593-1650).
The first engraving “Engraving of the state to 19" August 164
of approx. 11.5 to 7 km, in an oblique view from north-west to south-€
displays a polygonal cut of landscape roughly between today Pl
The plot impresses a faithfully rendered looking at the terrain SUfe relics of an unusual i : 4 v
Trebel along with neighbouring settlements. been related to the ?;J&Tgﬁ; g);??,ts“;r:;;)ot‘:: fé)und. F rom time to time,
An analysis of the first engraving was based on confrontation of the € ler historical and archaeological pplot ( fenova brézda in Czech),
archaeological survey and written and cartographic sources along W dieval legend described in a number (l:f Soon o fhe laStlhfeW decades.
methods of geomatics and cartography. The DTM enabled identificatic he formation from the village town Sézav:rtceshsm(':e 16 centur):, St.
suitable for georeferencing of the engraving and served also for visibi nding on the source) by the devil [6] Th(; ; fgl_:/nl;lt?g: (EIZOto‘;m .(or
dpeargd, but the traces of it are still visible in the landscapes., Inl;g?tg

S an interpretation of the formation, its original form and purpose

K

1€ town Koufim, in the landscape between the villages Lipany and

24
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have not yet been explained in a satisfactory manner [7]. The aim of
distinguish between natural and artificial parts of the formation. ‘
In this case, visualization techniques inspired by methods applied by I
and Bofinger and Hesse [9] were used. Doneus and Briese used a sin
between the DTM and its low pass or median filtered derivative, col
Hesse who created the smoothed DTM in two steps to get more rel
small features over terrain. In our case, smoothed DTM was created
the original DTM. This DTM was then visualized in the form of a g

.f\. filter with 3x3 kernel size was

the noise. Besides that, a directional fi i

o ' that, ilter - (first-derivativ. d,

e g,:haf al;l);?lled to the image. The filter was tested on a group of ;ar:ll%j
: : 1ghting objects of known orientation, if similar orientation is used

applied to the difference DTM to
Fig. 3 — displays how the d

iy ifference DTM highlighted a £ap in rampart

Y (Fig. 4) it is clear where the mini i
g k180 ning pits surr
1t‘sf them lie in-line and show where the ﬁ)des gofmnded b

Figure 2. a) Difference DTM (original), b) Difference DTM (stretched his
filter — 40° (applied on b)), d) Direction filter — 130° (applied on b))
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Figure 3. Difference DTM
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CONCLUSION

The airborne laser scanning technology found its place as invaluable to
precise DTM production. The increasing availability of ALS datasets of
in heritage landscape assessment which goes hand in hand with high
destructive approaches in archaeology. It is possible to systema tica
areas hidden under canopy without long lasting field survey.
There is a plenty of DTM visualization techniques with different
limitations. Therefore, the use of a combination of visualization techni
a possible solution.
It is necessary to keep in view that the ALS outputs should not
interpretation of prospected object and it is necessary to confi

another method and/or data source (e.g. field survey, old maps). =

tédra, M.. Certova brazda, stara severojizni stezka mezi Labem a Sazavou

M., Archeologie ve strednich Cechdch 7/1. Praha: U ické
B8 sfednich Cech, 2003, pp. 349362, o archeologicke

M.; Briese, CH.. Full-waveform airborne 1 i

! : aser scanning as a tool fo
| reconnaissance. From Space to Place: 2nd International Conference o;
g in Archaeology, Archaeopress, Oxford, 2006, pp. 99-105 .

. Remote Sensing for Archaeological Herita
 ohemwedy g ritage Management. EAC, 2011,
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