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1. LBI ArchPro - Overview  

1.1 Goals 
Considering the massive threat of destruction and deterioration of buried cultural heritage and the 

need for efficient and reliable identification, documentation and interpretation methods, large-scale 

application of non-invasive archaeological prospection methods comprise a great potential. They are 

the most appropriate solution in order to provide archaeologists and planning authorities with the 

necessary spatial information for the protection and possible investigation of such threatened 

heritage at the appropriate scales: the archaeological site as well as the surrounding archaeological 

landscape. 

Considering the state-of-the-art and the future demands for non-invasive professional archaeological 

prospection a consortium of European research institutes, heritage boards and public bodies 

supported by the Ludwig Boltzmann Gesellschaft (http://www.lbg.ac.at) established in 2010 the 

Ludwig Boltzmann Institute for Archaeological Prospection and Virtual Archaeology (LBI ArchPro). 

The LBI ArchPro (http://archpro.lbg.ac.at) is an innovative research centre for the development and 

application of advanced non-destructive prospection methods. It combines advanced remote sensing 

methods, high resolution near surface geophysics, sophisticated computer science, geomatics and 

archaeology. It is dedicated to the development of new and highly efficient technologies for non-

invasive data capturing, data processing, virtual reality visualization and the advancement of theory 

and methodology of archaeological prospection. An important aim is the publication and 

dissemination of new developments and results of the conducted research and of exemplary 

international large-scale case studies in professional circles as well as to the general public. 

Even though the Valetta convention (Malta treaty) has not been ratified by all member states of the 

LBI ArchPro consortium, it is regarded by the consortium as the major basis and guideline for the 

future development of archaeological research and the LBI ArchPro research programme. 

1.2 Partner organizations  
The LBI-ArchPro (http://archpro.lbg.ac.at) is based on a European partnership formed by: 

¶ LBG - Ludwig Boltzmann Gesellschaft (A) 

¶ NoeL - Province of Lower Austria (A) 

¶ NIKU - Norsk Institut for Kulturminneforskning (N) - The Norwegian Institute for Cultural 

Heritage - Archaeology Department 

¶ Swedish National Historical Museums (SHMM) - Arkeologerna (S) 

¶ RGZM - Römisch Germanisches Zentralmuseum (D) 

¶ University of Birmingham (GB) - The Visual and Spatial technology Centre (VISTA) 

¶ Uni Vienna - University of Vienna (A) - Vienna Institute for Archaeological Science (VIAS) and 

Institute for Prehistory and Historical Archaeology (UHA) 

¶ TU Vienna - University of Technology Vienna (A) -  Institute for Computer Graphics and 

Algorithms (ICG) and the Institute for Photogrammetry and Remote Sensing (IPF) 

¶ ZAMG - Central Institute for Meteorology and Geodynamics (A)  

¶ Airborne Technologies (A) 

¶ Vfk  ς  Vestfold Fylkeskommune (N)  

¶ 7reasons  ς  7reasons Medien GmbH (A)  

¶ ÖAI - Austrian Archaeological Institute (A)  

http://archpro.lbg.ac.at/
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¶ ÖAW - Austrian Academy of Sciences (A) -  Institute for the Study of Ancient Culture (IKAnt) 

and The Institute for Oriental and European Archaeology (OREA) 

Collaborative agreements for scientific research tasks and case studies exist with following 

organizations: 

¶ Uni Lund ς University of Lund, Department of Archaeology and Ancient History (S) 

¶ MALÅ  ς MALÅ Geoscience AB: Ground Penetrating Radar (S) 

¶ Uni Gent ς  University of Ghent (B) 

¶ Stiftung Schleswig-Holsteinische Landesmuseen  - Schloss Gottorf, Schleswig, Zentrum für 

Baltische und Skandinavische Archäologie (D) 

¶ Holstebro Museum (D) 

¶ Croatian Conservation Institute - Department for Underwater Archaeology (HR) 

 

1.3 LBI ArchPro Board and Scientific Advisory Board  
The LBI ArchPro Board  

- NoeL:     Franz Humer, Eduard Pollhammer 

- ZAMG:     Sirri Seren, Michael Staudinger 

- TU Vienna :    Norbert Pfeifer, Werner Purgathofer 

- Uni Vienna :   Gerhard Trnka, Tim Taylor 

- ABT :     Wolfgang Grumeth, Mario Rathmanner 

- RGZM :    Falko Daim, Detlef Gronenborn 

- SHMM :    Christina Klotblixt, Fredrik Svanberg 

- NIKU:     Carsten Paludan-Müller, Knut Paasche 

- Vfk:    Terje Gansum, Anitra Fossum 

- University of Birmingham: Henry Chapman, Paul Garwood 

- ÖAI:    Sabine Ladstätter, Martin Steskal 

- ÖAW:    Barbara Horejs, Andreas Pülz 

- LBG :    Claudia Lingner 

 

The Scientific Advisory Board of the LBI ArchPro consists of the following distinguished scientists: 

Prof. Maurizio Forte, University of California, Merced, USA 

Prof. Kay Kohlmeyer, Hochschule für Technik und Wirtschaft (HTW) Berlin, Germany 

Prof. Julian Richards, University of York, UK 

Prof. Joakim Goldhahn, Linnaeus University, Sweden 

Prof. Patrick Ryan Williams, The Field Museum of Natural History & University of Illinois at Chicago, 

USA 

The annual meeting of the SAB was held in Vienna on December 15th 2015. 
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1.4 The LBI ArchPro Team  
The staff of the Ludwig Boltzmann Institute for Archaeological Prospection and Virtual Archaeology 

comprised the following permanent employees in 2015: 

¶ Wolfgang Neubauer (Director) 

¶ Michael Doneus (Deputy Director)  

¶ Immo Trinks (Head of Research and Development) 

¶ Alois Hinterleitner (Key Researcher) 

¶ Nives Doneus (Key Researcher) 

 

¶ Christina Einwögerer (Administration Manager) 

¶ Annemarie Steiner (Administration Manager) has joined the team in March 2015 

¶ Karolin Kastowsky-Priglinger (Administration Manager)  

¶ Matthias Kucera (Researcher) 

¶ Klaus Löcker (Researcher) 

¶ Agata Lugmayr (Researcher) 

¶ Michael Pregesbauer (Researcher) 

¶ Geert Verhoeven (Researcher) 

¶ Mario Wallner (Researcher) 

¶ Thomas Zitz (Technician) 

¶ Georg Zotti (Researcher)  

¶ Juan Torrejón Valdelomar (Researcher) 

¶ Roland Filzwieser (Researcher) 

¶ Viktor Jansa (Researcher) 

¶ Poscetti Valeria (Researcher) was part of the team from January untill December 2015 

¶ Lisa Aldrian  (Researcher) has joined the team in September 2015  

¶ Hannes Schiel (Field Assistant) has joined the team in September 2015  

¶ Leopold Toriser (Field Assistant) has joined the team in August 2015 

¶ Tanja Trausmuth (Researcher) has joined the team in August 2015 

¶ Alexandra Vonkilch (Researcher) has joined the team in January 2015 

¶ Nika LuȌnik (Researcher) has joined the team in November 2015 

¶ Laszlo Baumann (Technician) 

¶ Iszolda Baumann (Facility management) 

 

¶ Erich Nau (Researcher) has left the team at the end of August 2015 and will continue his 

scientific career at the partner organization NIKU in Norway. 

¶ Vlad Sandici (Researcher) has left the team in November 2015 for a private company. 

¶ Joachim Brandtner (Researcher) has left the team at the end of November 2015 for a 

private company. 

 

Staff in-kind contributions: 

¶ Christian Gugl (Researcher) contribution from ÖAW 

¶ Rainer Schreg (Researcher), contribution from RGZM  

¶ Erich Nau (Researcher), contribution from NIKU 

¶ Christer Tonning (Researcher), contribution from Vestfold Fylkeskommune 
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¶ Eduard Pollhammer (Researcher), contribution from NoeL 

¶ Helmut Schwaiger (Researcher), contribution from ÖAI 

 
Temporary staff: 

¶ Martin Fera (Researcher) 

¶ Martin Gamon (Researcher) 

¶ Jakob Kainz (Field Assistant) 

¶ Marie Kröhl (Researcher) 

¶ Matthias Nöster (Operations Manager) 

¶ Klara Sauter (Field Assistant) 

¶ Markus Schütz (Researcher) 

¶ ¢ƻƳłǑ Tencer (Researcher) 

 

Initiative College for Archaeological Prospection 

The University of Vienna installed within VIAS an interdisciplinary Initiative College (IC) for 

archaeological prospection (http:// ic-archpro.univie.ac.at) at the end of 2011. Research fellows of 

the IC are working in the close collaboration with the LBI ArchPro staff on the archaeological analysis 

of LBI ArchPro case study data and various methodological developments. 

IC ArchPro research assistants: 

¶ Martin Fera 

¶ Manuel Gabler 

¶ Jakob Kainz  

¶ Karolin Kastowsky-Priglinger 

¶ aƛŎƘŀƭ wǳǑ 

¶ Petra Schneidhofer 

¶ Christopher Sevara 

¶ ¢ƻƳłǑ ¢ŜƴŎŜǊ 

¶ Katalin Tolnai 

¶ Willem Vletter 
 
Associated PhD research fellows 

¶ Valeria Poscetti 

¶ Joris Coolen 

¶ Eamonn Baldwin 

¶ Christine Markussen 

¶ Agata Klimczyk 

¶ Ulrike Fornwagner 
 

1.5 Infrastructure   
In 2015 the infrastructure developments of the LBI ArchPro saw the setup of several new geophysical 

prospection devices as well as the initial operation of new sensor systems. For the first time a four-

channel motorized 250 MHz array in SPIDAR configuration with 39 cm channel spacing was mounted 

in the same frame that had earlier been developed for the six-channel 500 MHz array with 25 cm 

file:///C:/Users/Wolfgang/AppData/Local/Temp/LBI_ArchPro_annual_report_2013.doc
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channel spacing. Since the MIRA systems equipped with 400 MHz antennae and the existing SPIDAR 

arrays with 500 MHz antennae cover the most commonly used frequency range for archaeological 

prospection with investigation depths ranging between 1.5 and 2 metres under standard conditions, 

the 250 MHz array offers the potential of increased penetration depth at suitable sites.  

The 500 MHz motorized SPIDAR array was modified in order to guarantee greater structural strength 

and reliability by placing network Hubs and NICs directly on the Quadbike and shortening the tow-

bar of the antenna cart. 

 

Fig. 1: The three 16-channel MIRA systems now in use within the LBI ArchPro family. 

Due to the positive experience made by the LBI ArchPro with the by MALÅ Geoscience developed 

multichannel GPR array MIRA, the Norwegian partner NIKU invested in 2015 into a new 16-channel 

400 MHz MIRA system, which has been assembled according to the latest know-how and delivered 

to Norway (Fig. 1). This system is now used within a large-scale archaeological prospection pilot study 

in Vestfold conducted in cooperation with the LBI ArchPro partners NIKU, Vfk and ZAMG, 

demonstrating the exemplary use of large-scale archaeological prospection in Norwegian rescue 

archaeology, with direct involvement of cultural heritage managers.  

A four-channel magnetometer logger for small-scale test surveys was developed and tested by 

Michael Pregesbauer. The new DualEM 21HS electromagnetic sensor was taken into use and a 

vehicle mounted survey setup tested within the project Bisenzio in Italy. 

An eight-channel Caesium magnetometer sensor cart was setup with five total-field sensors at 

ground level, two at mid-level and on centred above at XX metre height (Fig. 2). The goal of this 

setup is to determine the optimum gradiometer spacing and to acquire magnetic data with improved 

possibilities for the estimation of the depth of buried causative structures.  
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Fig. 2: Caesium magnetometer cart with sensors placed at three different heights above ground. 

 

A used Z-cooperation SPECTRUM ZTM 510 3D powder printer was purchased from the University of 

Applied Sciences Salzburg (Fig. 3). This printer permits the creation of detailed three-dimensional 

models of archaeological sites, architecture and objects. In contrast to the 3D printer based on fused 

deposition modelling (a.k. plastic sausage printer) the power printer permits the creation of coloured 

hardened gypsum models in even higher resolution. As first 3D objects the Venus von Willendorf was 

printed, miniature models of the Stonehenge main monument, and the Neolithic Circular ditch 

system of Hornsburg in nine segments. Future plans are the printing in colour of architecture models 

from Carnuntum and Akrotiri as well as functional architectural reconstruction models. 

 

 
 

Fig. 3: Juan Torrejón Valdelomar operating the Z Cooperation SPECTRUM Z
TM

 510 3D gypsum powder printer. The model 
cleaning unit can be seen in the background. 
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1.6 Highlights 201 5 

Press conference Durrington Walls in London, GB on September 1st 2015 
The press conference was organized together with the University of Birmingham and took place on 

Tuesday, September 1st. The focus was on the remains of a major new prehistoric stone monument 

in Durrington Walls, which is situated less than 3 kilometres from Stonehenge. Using cutting edge, 

multi-sensor technologies the Stonehenge Hidden Landscapes Project has revealed evidence for a 

large stone monument hidden beneath the bank of the later Durrington Walls άsuper-hengeέ (Fig. 4). 

Durrington Walls is one of the largest known henge monuments measuring 500 m in diameter and 

thought to have been built around 4,500 years ago. Measuring more than 1.5 kilometres in 

circumference, it is surrounded by a ditch up to 17.6 m wide and an outer bank c. 40 m wide and 

surviving up to a height of 1 metre. The henge surrounds several smaller enclosures and timber 

circles and is associated with a recently excavated later Neolithic settlement. 

At Durrington a natural depression near the river Avon appears to have been accentuated by a chalk 

cut scarp and delineated on the southern side by the row of massive stones. Essentially a C-shaped 

άŀǊŜƴŀέ ǘƘŜ ƳƻƴǳƳŜƴǘ Ƴŀȅ Ŏƻƴǘŀƛƴǎ ǘǊŀŎŜs of springs and a dry valley leading from there into the 

!ǾƻƴΦ !ƭǘƘƻǳƎƘ ƴƻƴŜ ƻŦ ǘƘŜ ǎǘƻƴŜǎ ƘŀǾŜ ȅŜǘ ōŜŜƴ ŜȄŎŀǾŀǘŜŘ ŀ ǳƴƛǉǳŜ ǎŀǊǎŜƴ ǎǘŀƴŘƛƴƎ ǎǘƻƴŜΣ ά¢ƘŜ 

/ǳŎƪƻƻ {ǘƻƴŜέΣ ǊŜƳŀƛƴǎ ƛƴ ǘƘŜ ŀŘƧŀŎŜƴǘ ŦƛŜƭŘ ŀƴŘ ǘƘƛǎ ǎǳƎƎŜǎǘǎ ǘƘŀǘ ƻǘƘŜǊ ǎǘƻƴŜǎ Ƴŀȅ ƘŀǾŜ ŎƻƳŜ 

from local sources. 

Previous, intensive study of the area around Stonehenge had led archaeologists to believe that only 

Stonehenge and a smaller henge at the end of the Stonehenge Avenue possessed significant stone 

structures. The latest surveys now provide evidenŎŜ ǘƘŀǘ {ǘƻƴŜƘŜƴƎŜΩǎ ƭŀǊƎŜǎǘ ƴŜƛƎƘōƻǳǊΣ 5ǳǊǊƛƴƎǘƻƴ 

Walls, had an earlier phase which included a large row of standing stones probably of local origin and 

that the context of the preservation of these stones is exceptional and the configuration unique to 

British archaeology.  

This new discovery has significant implications for our understanding of Stonehenge and its 

landscape setting. The earthwork enclosure at Durrington Walls was built about a century after the 

Stonehenge sarsen circle (in the 27th century BC), but the new stone row could well be contemporary 

with or earlier than this. Not only does this new evidence demonstrate an early phase of 

monumental architecture at one of the greatest ceremonial sites in prehistoric Europe, it also raises 

significant questions about the landscape the builders of Stonehenge inhabited and how they 

changed this with new monument-building during the 3rd millennium BC. 

List of online media reports can be found in the section on dissemination (Press releases and press 

coverage summary). 
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Fig. 4: Virtual reconstruction of Durrington Walls. 

LBI ArchPro director Wolfgang Neubauer awarded !ÕÓÔÒÉÁȭÓ Ȱ3ÃÉÅÎÔÉÓÔ ÏÆ ÔÈÅ 9ÅÁÒ 

ςπρυȱ 
LBI ArchPro director ²ƻƭŦƎŀƴƎ bŜǳōŀǳŜǊ Ƙŀǎ ōŜŜƴ ŀǿŀǊŘŜŘ ǘƘŜ ǇǊƛȊŜ ά{ŎƛŜƴǘƛǎǘ ƻŦ ǘƘŜ ¸ŜŀǊ нлмрέ ōȅ 

the Club of education and science journalists in Austria (Fig. 5). The committee honors bŜǳōŀǳŜǊΩǎ 

outstanding effort as director of the LBI ArchPro to make scientific research more accessible to the 

wide public and thus to raise the significance of Austrian research.   

 

Fig. 5: Scientist of the Year 2015: Wolfgang Neubauer (©Roland Ferrigato).  
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2. Research topics and results  

2.1 Integrated interpretation  

INT1: GIS based data integration and data fusion  

Development of a toolbox for archaeological image fusion  

Introduction 

Due to the constant development of new and better imaging sensors working according to different 

physical principles, the need arises for a meaningful combination of all this imagery. For many years, 

various research fields have been trying to integrate imaging data of different modalities, not at least 

in the geoscience and medical communities, to facilitate a better understanding and interpretation of 

particular phenomena. Also in the field of archaeology and more specifically archaeological 

prospection, the constant growth in the number and variety of image acquisition techniques creates 

an increasing demand for image fusion techniques to be incorporated in the analysis of these data. 

Image fusion is a process in which the data from two or more images are combined in a specific way, 

so that a single composite output image is generated. This output image holds specific and/or 

substantial information from the input images. Ideally, the processing techniques used in image 

fusion should be efficient and reliable and the newly generated image more comprehensive and thus 

easier to use for a human interpreter or subsequent processing tasks. In the medical field, image 

fusion is often used to improve the quality of the original images and to decrease data and 

information redundancy so that the assessment of medical problems becomes much easier. 

In remote sensing, image fusion has been used since the eighties. The variety of air- and spaceborne 

sensors that capture the same scene in dissimilar spectral bands and with different ground-sampling 

distances obviously provides a strong motivation to come up with formal solutions to combine these 

data. To enhance the information that can be extracted about that scene, the spectral information 

from an image with a lower spatial resolution is often fused (more specifically pansharpened) with 

the luminance data from a panchromatic image with a higher spatial resolution, thus yielding an 

image with different spectral bands (i.e. the colour data) as well as a high spatial resolution. Such a 

pansharpened image is thus an answer to the physical trade-off between spatial versus spectral 

resolution, since it effectively holds more useful information than could be extracted from a single 

sensor. 

Aside from medical and remote sensing fields, image fusion has also received increasing attention by 

a wide spectrum of applications such as vehicle guidance or robot vision. Ideally, the fused image 

holds all redundant information from multiple images and additionally displays the features which 

are unique for one (or more) of these input images. This newly created image should thus be more 

suitable for human reading and analysis tasks such as image interpretation. Often, the fused image 

even reveals information that is not apparent in any of the separate input images. Finally, fusing 

different image modalities helps in reducing the storage cost. 

The fusion of images can take place at different stages. Very often, these different stages are 

categorized as the signal-, pixel-, feature- and symbolic-level. Here, only methods that work on the 

pixel-level are considered. 

TAIFU 

Since archaeological image fusion has hardly been used, a dedicated MATLAB toolbox TAIFU (the 

Toolbox for Archaeological Image Fusion) has been created. TAIFU serves as a platform for testing of 

well-established and state-of-the-art image fusion methods (see 2.1) and facilitates the development 

of new data integration routines. This toolbox is thus designed to benefit archaeological interpretive 
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mapping of diverse prospection datasets. For example, the data from a magnetogram can be fused 

with an aerial image to aid the archaeologist in correlating feature locations for a more trustworthy 

information extraction and better interpretation of the hidden geo-cultural landscape. 

The following section presents a short overview of the various image fusion approaches that are 

presently embedded in TAIFU (version 0.2). Three big families of methods will be explained in slightly 

more detail. 

1. Blending modes 

In many popular image editing programs such as Photoshop (Adobe), GIMP (Open Source) or 

Pixelmator (Pixelmator Team), the user can choose between several blending modes. These modes, 

which are often denoted as layer modes, change the appearance of the upper layer or image (called 

blend layer) based on the base image(s)/layer(s) beneath it. As such, blending modes can also be 

seen as image fusion algorithms. 

¢!LC¦ ƛƴŎƻǊǇƻǊŀǘŜǎ ŀƭƭ όŜȄŎŜǇǘ ǘƘŜ ǳǎŜƭŜǎǎ ά5ƛǎǎƻƭǾŜέύ ōƭŜƴŘƛƴƎ ƳƻŘŜǎ ǿƘƛŎƘ Ŏŀƴ ōŜ ŦƻǳƴŘ ƛƴ 

common image processing applications and even offers several others which are not found amongst 

the biggest players in the image editing world. Because TAIFU converts all input images to double-

precision floating-point numbers in the range [0, 1], no extra normalisation step is needed when 

working with conventional 8-bit or 16-bit images. 

2. Pansharpening 

It was already mentioned above that pansharpening is an approach in which the spatial information 

of a high resolution panchromatic image is integrated with the spectral information from an image 

with a lower spatial resolution. Panchromatic fusion can be accomplished by several techniques. So 

far, TAIFU embeds IHS (Intensity Hue Saturation) pansharpening (the original IHS method as well as 

the adaptive IHS approach), wavelet-based pansharpening, Principal Component Analysis (PCA) and 

Brovery pansharpening. In addition, the user can choose to (de)active image histogram matching and 

channel normalisation. 

3. Distribution fitting 

Distribution fitting creates an N-band image from the input images (e.g. two three-band images 

deliver a six-band image). Afterwards, a histogram is computed for every image pixel (i.e. for the six-

band image, a pixel-specific histogram is computed from the six samples). The user then defines a 

theoretical Probability Density Function (PDF) which is fitted to every pixel-specific histogram. Since 

every PDF is defined by one or more parameters, the parameters that define the fitted PDF for that 

pixel can be saved and form the new pixel values. TAIFU offers several discrete and continuous PDFs 

for uni- or bimodal fitting. Multi-threading (interactively customisable) is also exploited. 

4. Additional fusion approaches 

Aside from these three big families of fusion approaches, many other methods have been 

implemented: (weighted) PCA fusion; ICA or Independent Component Analysis-based fusion (see Fig. 

2), (discrete stationary) wavelet-based fusion, logistic weighting, guided-filtering and gradient 

domain fusion. 

TAIFU is currently coded in such a way that the user has to load two images (Fig. 2). Upon import, the 

toolbox verifies and stores the metadata of the images (such as georeferencing, Exif and IPTC tags). 

In addition, the user has a variety of pre-processing steps at his/her disposal: individual image 

channels and their histograms can be viewed and extracted, various (perception-based) colourmaps 

can be used to colour-code single band imagery and a handful of contrast enhancement algorithms 

can make certain image features better perceivable (invert, histogram stretching, CLAHE, L* CLAHE). 

Moreover, colour-to-greyscale (and vice versa) conversions allow to fuse imagery for which the 

fusion method expects an (un)equal amount of bands. 
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In a next step, the above-mentioned fusion methods (often with additional options such as alpha 

values) can be chosen to create a fused output. When a useful result is obtained, the fused image can 

be saved with all the metadata embedded, although the latter can also be stored as a sidecar ASCII 

file. These new metadata do not only originate from both input images, they also contain data about 

the contrast enhancement(s), colour-map(s), channel-conversion(s) and fusion algorithm(s) that were 

used to obtain the final result. Finally, all buttons feature (deactivatable) tooltips, all fusion methods 

come with thorough explanations and a separate notification window informs the user about on-

going and possible processes (Fig. 6). 

 

 
 
Fig. 6: The main TAIFU window. A digital terrain model (upper left) is fused with a magnetogram (lower left) using ICA-based 

fusion. 

Future additions and improvements 

For the next release (0.3), many additional capabilities have been planned and are currently worked 

on. TAIFU 0.2 only accepts single band or three band images. From version 0.3 onwards, multi-band 

imagery will be supported. This, however, means that many image fusion and contrast enhancement 

algorithms will have to be reprogrammed so that they are flexible enough to deal with a varying 

amount of input bands. Second, version 0.3 will provide various image metrics that can hopefully 

reliably assess the quality of the fused output. Third, a few processor intensive methods will be 

ported to C++. 

TAIFU 0.4 will be capable of interpreting several coordinate reference systems (CRSs) and offer some 

simple tools for dealing with images that are not perfectly co-registered or those that are expressed 

in dissimilar CRSs. Moreover, the possibility to interpret CRSs will make it possible to automatically or 

manually extract the overlapping part of the images. In this way, TAIFU will be able to deal with 

datasets that have a varying spatial extent and feature dissimilar spatial resolutions, something that 

is currently not supported. 

Finally, it is hoped that TAIFU 0.4 can be released free-of-charge or at a very moderate cost, but 

negotiations concerning this issue are still on-going. 

Relevant lectures and publications: 
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Verhoeven, G. (2015): TAIFU ς Toolbox for Archaeological Image FUsion. Poster. AARG Annual Meeting 

2015. Santiago de Compostela, Spain, 09.09.2015. 

 

INT5: Development of interpretation workflows and tools  

Evaluation of new GIS developments 

In the course of the interpretation development a new ArcGIS Online and ArcGIS Pro were tested. 

Normally, one works with a product from the ArcGIS for Desktop family: Basic, Standard or Advanced 

(formerly ArcView, ArcEditor or ArcInfo, respectively). Any version of ArcGIS for Desktop consists of 

several applications such as ArcMap, ArcCatalog, ArcToolbox, ArcScene, ArcGlobe and the new 

ArcGIS Pro. Besides the ArcGIS for Desktop family, ESRI also offers the ArcGIS Online and ArcGIS for 

Server products. The following text first introduces ArcGIS Pro and afterwards ArcGIS Online. 

ArcGIS Pro 

ArcGIS Pro is a new application that is part of the ArcGIS for Desktop family. Just as ArcMap, 

ArcCatalog, ArcGlobe or ArcScene, the new ArcGIS Pro allows the user to manage geographical data, 

create maps and perform spatial analysis. However, ArcGIS Pro ships with ArcGIS 10.3 only for the 

first time. Besides, it adds many new features. In summary, ArcGIS Pro should be capable of 2D and 

3D for visualization, editing and spatial analysis; modern look due to the ribbon-based interface; very 

fast due to the use of all possible hardware (GPU, CPU), 64-bit and multi-threaded and new graphics 

engine (both for 2D and 3D); powerful since all Desktop data, tools, symbology and scripts work in 

ArcGIS Pro, can be automated with Python and a new API and SDK, tightly integrated with Microsoft 

Visual Studio; tightly integrated with ArcGIS online to publish finished web maps directly to ArcGIS 

Online; able to run from ArcGIS Desktop 9.2 onwards. 

Full 3D models are still added as before using the multipatch feature capability (see 

http://pro.arcgis.com/en/pro-app/help/editing/basics/create-3d-multipatch-features.htm). This 

works with COLLADA (.dae), OpenFlight 15.8 (.flt), SketchUp 6.0 (.skp), VRML 2.0 models (.wrl) and 

3D Studio (.3ds) formats. Note that multipatch features are enclosed volumes defined with 3D rings 

and triangular patches that model the outer surface or shell of natural and as-built 3D features.  

ArcGIS Online 

ArcGIS Online is a web application allowing for sharing and searching geographic information. It 

allows its users to create and join groups, and control access to items shared publicly or within 

groups. For the LBI, it would mean that members can use, create and share maps, apps and data. 

Given its wide functionality, it is difficult to assess all its aspects in high detail. Sharing of maps and 

even complete geodatabases is simple and functional for making web maps and applications, but it is 

neither really a data management service nor suitable for discussing interpretations. The latter is not 

really possible since the editing is extremely basic. There is no real history of who edited what and 

why. 

However, if the LBI ArchPro wants to get the case studies out on the WWW and our interpretations 

accessible for anybody with a browser or a mobile phone, this is a handy tool. Since one can also 

make custom layouts, apps and presentations, there are many options for presenting and sharing our 

data (in limited groups or with the whole world). When using it only to publish specific content 

online, there is a whole set of rules and privileges one can give to individuals, groups and everybody, 

so its seems rather powerful in this aspect. Data can be shared, but so far, editing seems extremely 

basic, which makes this tool quite inappropriate for the archaeological interpretation. 

 

http://pro.arcgis.com/en/pro-app/help/editing/basics/create-3d-multipatch-features.htm
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Development of integration tools: case study Oberlienz  

The interpretation work has focused on the 3D Interpretation in a 3D GIS environment (ArcScene). 

Considering that the prospected area is dramatically sloping, the GPR data were newly processed and 

interpreted, including topographical correction. In order to achieve a comprehensive 3D 

Interpretation model in ArcScene, the workflow was improved allowing an efficient importing of 

large textured 3D models into ArcScene. This workflow includes preliminary cleaning and re-meshing 

in Meshlab. The interpretation work also involved an in depth historical research based on ancient 

reports and historical maps.  A systematic comparison between the detected remains of the villa and 

excavated archaeological sites in Noricum and Raetia was conducted, with the goal to achieve a 

comprehensive and reliable reconstruction of the Roman villa.  A more detailed reconstruction has 

been made according to the available collected sources. A diverse set of versions were developed as 

well as a distinction of the different phases. Not only buildings themselves were reconstructed but 

also the landscape, atmospheric conditions and flora.  

Selected lectures and publications: 

Poscetti, V.; Valdelomar, J. T.; Neubauer, W.; Müller, F. M. (2015): The Roman Villa of Oberlienz: A 

ƳǳƭǘƛŘƛǎŎƛǇƭƛƴŀǊȅ о5 ǊŜŎƻƴǎǘǊǳŎǘƛƻƴΦ /!! нлмр άYŜŜǇ ǘƘŜ wŜǾƻƭǳǘƛƻƴ DƻƛƴƎέ /ƻƴŦŜǊŜƴŎŜΣ {ƛŜƴŀ ол 

March-о !ǇǊƛƭΦ LƴΥ /!! нлмрΦ άYŜŜǇ ǘƘŜ wŜǾƻƭǳǘƛƻƴ DƻƛƴƎέ /ƻnference, Siena 30 March-3 April. 43rd 

Computer Applications and Quantitative Methods in Archaeology. Book of Abstracts, S. 104. 

 

Classification of GPR data  

The development of classification strategy was implemented for the case study area of Carnuntum 

and Birka. Due to the fact that both areas are different in terms of archaeological remains, some 

modification on the code had to be implemented. Special attention has been paid to the capability to 

process large amount of data. This was done by a tiling and stitching sequence which can be process 

on a server architecture which is provided by eCognition Server. The classification results are cross 

checked with the manual interpretation ς improvements to the rule set are implemented based on 

the comparison.  

INT6: Development of ArchaeoAnalyst 1.0  

Several features were discussed and implemented in ArchaeoAnalyst in the last months. After review 

tools in the ArchaeoAnalyst software package have become better accessible. The Base Height Slider 

and the GPR Depth Composer Tools were updated, their state will now be saved in the mxd 

Document and the tools will automatically load when the mxd Document is opened. The tool for 

aeriŀƭ ǇƘƻǘƻƎǊŀǇƘǎ ƴŀƳŜŘ ά/ǊŜŀǘƻǊέ ǿŀǎ ŀƭǎƻ ƛƳǇƭŜƳŜƴǘŜŘΦ Another novelty is the development of a 

ά{Ǉŀǘƛŀƭ vǳŜǊȅ ¢ƻƻƭέ ƘŀƴŘƭƛƴƎ ǘƘŜ ǇǊƻǎǇŜŎǘƛƻƴ ŘŀǘŀΦ .ŀǎƛŎŀƭƭȅΣ ǘƘƛǎ ǘƻƻƭ ŀƭƭƻǿǎ ǘƘŜ ǳǎŜǊǎ ǘƻ ŦƛƴŘ ŀƴŘ 

load prospection data by specifying a geographical area of interest by drawing a polygon. The Spatial 

Query tool can also use the ArcGiS selection for the spatial query and lets the user choose the 

geometric relation between the query geometry and the potential results. 

 
Further development was done in the integration of the ALS/TLS data in the ArchaeoAnalyst Creator. 

This includes the insertion in the prospection geodatabase, loading of data into ArcMap using 

optimal visualization presets. When inserting the terrain model into the geodatabase ArchaeoAnalyst 

offers the option to generate and insert derived visualizations based on the terrain model like hill 

shade and slope visualizations. This feature uses the ALS toolbox developed by the remote sensing 
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team to generate visualizations. ArchaeoAnalyst also offers the possibility to automatically load this 

toolbox into ArcGIS on demand. The ALS/TLS data are also queried by the Spatial Query Tool (Fig. 7). 

 

 

Fig. 7: Screenshot from ArchaeoAnalyst: ALS/TLS data visualization. 

[ŀǎǘ ōǳǘ ƴƻǘ ƭŜŀǎǘΣ ǘƘŜ άCreate Project functionέ and a launcher application for the ArchaeoAnalyst 

have been created. In this way the ArcGIS opens with a standardized configuration suitable for 

archaeological interpretation. 

 

2.2 Virtual archaeology  
When Virtual Archaeology (VAR) was planned to be an important part of the LBI ArchPro research 

program, it was obvious, that VAR has not only to deal with reconstruction but also with 

visualization, exploration and simulation of archaeological datasets. For detailed definition and 

ǇƭŀƴƴƛƴƎ ƻŦ ǘƘŜ ǿƻǊƪ ǇŀŎƪŀƎŜǎ ŀ н ŘŀȅǎΩ ǿƻǊƪǎƘƻǇ ǿŀǎ ǇƭŀƴƴŜŘ ŦƻǊ WŀƴǳŀǊȅ нлмрΦ The LBI ArchPro 

team met in Carnuntum on the 22nd and 23rd January 2015 to discuss the aim and the general 

characterization of VAR. As a first outcome the research program concerning VAR was defined in 

greater detail and presented in March 2015. The work on the packages started immediately following 

the recently defined tasks. In the following all work packages and projects will be described and 

specified. 

VAR1: Review and state of the art definition of VAR  

Description: Within this work package existing definitions for VA are evaluated and discussed. For this 

purpose literature research was done to quantify the actual and common definition of VAR within 

the scientific community.  The outcome of this work has to be discussed within the research team. It 

was a preparation for the initial workshop on VAR in January 2015. Through personal communication 

the interest of the members of the LBI and their commitment was clarified. Due to personal 

workload and additional skills a core group was set up to discuss specific aspects of VAR. Every 

member of the core group was invited to study initial literature on the definition of VAR as a 

preparation for the workshop. 
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Results: Archive of literature and papers concerning the definition of VAR; Principles of Sevilla will be 

used as a basis definition; Communication with the core group started; workshop in January 2015. 

Summary: .ŀǎŜŘ ǳǇƻƴ ǘƘŜ ƭƛǘŜǊŀǘǳǊŜ ǊŜǎŜŀǊŎƘ ƛǘ ōŜŎŀƳŜ ŜǾƛŘŜƴǘΣ ǘƘŀǘ ǘƘŜ άtǊƛƴŎƛǇƭŜǎ ƻŦ {ŜǾƛƭƭŀέ ōŀǎŜŘ 

upon the London charter are the most elaborated definition for VAR. Nevertheless they represent to 

a high degree only the virtual reconstruction of archaeological sites and monuments. On several 

pages the principles line out the importance of interdisciplinary work and reproducibility of displayed 

information. 

VAR2: Definition of VAR and modification of principles of Sevil la 

Description: Based upon research done in VAR1 a new definition of VAR will be done including the 

concepts of visualization, reconstruction, exploration and simulation of archaeological data. An initial 

workshop organized in January 2015 has provided the primary input. The results of the workshop 

have been presented to all LBI ArchPro members and discussed to fulfill the demands of the research 

program. For a definition of VAR the workflow of the treatment of archaeological data has to be 

specified including the framework defined by used software and analysis procedures. 

Results: 5ŜŦƛƴƛǘƛƻƴ ƻŦ ±!w ŀƴŘ άIŀƴŘōƻƻƪ ƻŦ LƴǘŜǊǇǊŜǘŀǘƛƻƴέ όǿƻǊƪƛƴƎ ǘƛǘƭŜύΦ 

Summary: Various input including prospection data, excavation data, historical data ς just to mention 

a few ς have been collected within a geodatabase and transformed in applying the VAR toolbox. 

Gained output will be used in an iterative process in getting reanalyzed and further processed by VAR 

toolbox or disseminated.  As important as virtual reconstructions of archaeological data, which is 

commonly seen as VAR alone, is the virtual exploration, visualization and simulation. Merging and 

interpreting different archaeological datasets is a task, which can only be accomplished in applying 

latest computer-based analysis and visualization techniques. Especially prospection data is already 

represented in a digital way. The most effective way of interpreting and understanding digital 

prospection data is within a virtual environment. Different digital visualization (e.g. using data fusion) 

is as crucial as new concepts of exploration of the data. New ways of exploration include the design 

of controllers and user interfaces such as Oculus Rift and holoscene. Different hypotheses gained 

through these processes can be visualized again and tested within simulations. 

VAR3: Design of VAR toolbox 

Description: The VAR toolbox has to be seen as the basic transformer of archaeological datasets 

within VAR. For this purpose the software components, the necessary hardware extension and the 

type of the data repository have to be defined. Depending on that is the declaration of used formats. 

VAR 3 is therefore divided into four subprojects dealing with the specific demands: 

1. Definition of input formats and geodatabase design 

A general geodatabase design will be generated based upon the already approved design used for 

archaeological interpretation of prospection data. Used formats will be defined by the data sources 

being integrated. The focus is not set on the specific design (see VAR 4) but on general aspects 

concerning which datasets will and should be added. As a result a diagram of general design of the 

GEODB and a list of input formats will be created. 

2. Definition of software packages included in toolbox 

To accomplish the tasks of visualization, exploration, reconstruction and simulation a basic 

preliminary list of needed software has to be worked out. Whereas some of these software packages 

are already used in the LBI ArchPro routines others need to be developed or ς if already existing ς 

evaluated and embedded into the workflow.  

3. Definition of output formats (also web based) 
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Within this project output formats will be discussed and described also concerning dissemination. 

Necessities of format conversion between different packages of software will be elaborated. In terms 

of web based publishing and academic exchange different viewers (e.g. Google Earth) will be 

examined for additional definition of output formats 

4. Aspects of (virtual) exploration may include both 3d user interaction (data glove, interfaces 

that may provide haptic feedback like Phantom or a 3d mouse with vibration device, Kinect system or 

all varieties of natural user interfaces) and interactive data editing with such interfaces, requiring of 

course real-time visualisation at all times. In a first step a review of existing controllers and hardware 

interfaces and their suitability will be done. 

Results: Description of VAR toolbox and a diagram concerning workflow. 

VAR4: Geodatabase design 

Description: Similar to the development and implementation of the interpretational GEODB a GEODB 

design for overall AIS will be worked out. The interpretational GEODB will be a part of this design. In 

general the GEODB will consist of a primary part, which organizes input data (raster and feature 

classes). Secondly the interpretational part also consisting of raster and features classes will be 

constantly filled with results of the spatio-temporal analysis process of the datasets. A main aspect of 

the design is that it has to fulfill the demands of an open system, which is typical for archaeological 

datasets and investigations. The design has to be capable of being extended at any time to embed 

new types of data and information. 

Results: Layout and design of GEODB and a first draft of workflow  

VAR5: Software packages 

Description: Within this project all software directly connected to VAR and developed by the LBI 

ArchPro and its partners is collected. Most of the software is necessary to develop workflows and 

procedures for spatio-temporal analysis. In this way a stratigraphic sequencing tool like HMC+ and 

interactive 3D viewers are crucial. Whereas within VAR5.1 to VAR5.5 concrete software will be tested 

and developed, VAR5.6 will also evaluate state-of-the-art simulation software in general. 

1. HMC+ 

Spatio-temporal analysis, which is crucial for the examination of archaeological landscapes through 

time, is based upon the stratigraphic sequencing of archaeological entities at all scales. Every 

archaeological entity, whether it is a pit, a settlement or a process in general, is connected with a 

specific time interval. The superposition of these time intervals arranges space in time. HMC+ is such 

a sequencing tool based upon the (physical) laws of stratification and superposition. A stratigraphic 

sequence (Harris Matrix) reflects primary the spatial superposition. In a second step all stratigraphic 

units will undergo a temporal interpretation. A temporal aligned stratigraphic sequence is a perfect 

steering and analysis tool to arrange and visualize specific archaeological entities in time. As an 

extension of ArcGIS it will be a powerful tool to organize these entities in time (Fig. 8). As a result two 

different HMC+ versions (standalone and ArcGIS linked) should be developed as well as a user 

manual. Together with VRVIS new concepts to imbed a time interval based model into a stratigraphic 

sequence were discussed and developed. A first draft of HMC+ was tested and evaluated by the LBI 

ArchPro and needed changes, like the possibility to group stratigraphic units following the old 

concept of phases and periods, communicated to the partner.   
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Fig. 8: Screenshot from HMC+ 1.1: every archaeological entity can be assigned to a specific time interval. 

 
2. 3d+ viewer 

To examine 3D datasets a 3Dd viewer is necessary (Fig. 9). The 3d+ viewer developed by VrVIS based 

upon specific archaeological demands concerning excavation data provides the possibility to explore 

and interpret 3D datasets. It is typical that archaeological interpretation has to be done not only 

upon 2D surfaces but also in 3D. Another aspect is the visualization of different excavation steps. The 

distribution of e.g. artifacts and samples can be displayed for further analysis. Like HMC+ the 3d+ 

viewer will be used connected to ArcGIS not only as a viewer but also as an interpretation engine in 

terms of drawing polygons. Two different 3d+ viewer versions (standalone and ArcGIS linked) should 

be developed as well as a user manual. 

 

 

Fig. 9: Screenshot from 3d+ viewer. 

 
3. ARCH 4dInspector 

Recently developed ARCH 4dInspector should be a tool, which is capable of visualizing different 

archaeological hypothesis based upon various archaeological datasets. It will be used for exploring 
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possible interpretations in 3D. The graphic user interface is designed in a way that the creation of 

simple reconstructions (e.g. prolongation of presumed postholes to visualize a house structure) is 

done easily. By displaying different interpretations in 3D spatial and temporal conflicts and/or 

intersections can be examined. The software package ARCH 4dInspector and user manual/ 

specifications will be further developed in this work package. 

 

  
4. WebViewer 

3D data need usually huge storage space. For the fast exchange of information based upon or 

embedded within this data web based viewers are necessary to explore 3D datasets in real time 

without actually downloading the data. The WebViewer developed under subcontract for the LBI 

ArchPro purposes provides the chance to share information based upon huge point clouds (Fig. 104). 

As an example the Heidentor of Carnuntum was chosen to display the concept. Without downloading 

the datasets, they can be explored even on a smart phone. Anchor points can be set to show 

additional information. The WebViewer provides also the chance to explore the quality of different 

datasets preceding time-consuming download procedures.  

http://potree.org/work/archpro/archpro_revision2/html/scene.html 

 

 
 

Fig. 104: Screenshot from WebViewer. 

 
5. ArchaeoAnalyst 

ArchaeoAnalyst 1.0 was developed by the LBI ArchPro as an extension of ArcGIS to support the 

interpretational process of archaeological datasets. Within this sub project the software will be 

further developed in respect of the demands of the VAR. 

6. Simulation 

For the simulation of transformation processes or the testing of developed models specific 

simulation software is necessary. Within this project different software being used for this purpose 

will be evaluated and displayed. 

VAR6: Archaeol ogical Information System (AIS)  

Description: Archaeological research is dealing with the documentation and analysis of archaeological 

entities in space and time. During this process information is linked with a specific location and a 

time stamp. An Archaeological Information System (AIS) organizes archaeological entities and 

http://potree.org/work/archpro/archpro_revision2/html/scene.html
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associated information according to their specific location using a Geographical Information Systems 

(GIS). To end up with a stratigraphic sequence of these entities, AIS has to be accompanied by the 

fourth dimension ς time. For this purpose the GIS-based AIS is supplemented with a time-steering 

tool ς namely Harris Matrix Composer+ ς to enable spatio-temporal analysis. Within this project the 

basic demands of AIS will be defined, software will be interlinked and implemented into GIS. 

VAR7: Visualization tools   

Description: Various tools and concepts for visualization of archaeological content will be developed 

and tested by the LBI ArchPro partner 7reasons. 

VAR8: Testing and further development of AIS and VAR   

Description: As soon as projects VAR3 to VAR6 are finalized the whole system of VAR introduced by 

the LBI will be tested with respect to usability. Based upon these results AIS including the embedded 

software and concepts of VAR will be modified. It has to be expected, that new ideas and concepts 

will arise through the work progress. This project has to be seen as a finalizing step before the whole 

research program of VAR will be evaluated within VAR9. 

VAR9: Visualization tools   

Description: The whole package of VAR including used software, workflows, AIS, GeoDB design, will 

be evaluated and tested in a final step. This evaluation will be the basis of the final report of the 

results of the LBI ArchPro research program on VAR. Future steps will be suggested. 

VAR10: Case studies   

Description: Several of the LBI ArchPro case studies are suited as examples to develop and illustrate 

tools and workflows in VAR. The results of every sub project can be used for further dissemination in 

terms of time and cost efficiency. 

1. TED project (VAR 10.1) 

Description: Most archaeological data are based upon already excavated sites. It is crucial for the 

comparability of archaeological datasets to integrate these existing data for contemporary 

archaeological data analysis. The long-term excavation at Tell el Daba (for project details see section 

2.6 Case studies and third party founded projects) was chosen as a case study to evolve existing 

datasets within recent analysis tools using a georeferenced 4D-AIS. The basic research question is to 

examine the possibility of reconstructing undocumented and missing information. This approach of 

reverse excavating provides the chance to compare datasets of different provenience. 

Results: Because of the huge amount of excavation data consisting of handmade drawings, 

photographs and protocols a single quadrant of area F2 was chosen to develop a custom made AIS as 

a basis for further archaeological interpretation of the site. All hand drawings were digitized, 

distorted and georeferenced to be displayed in GIS. All features documented on these drawings 

including bricks, walls, pits, floors, doorsteps, graves and even artifacts were redrawn in GIS resulting 

in about 6000 polygons. Therefore all bricklayers and walls could be displayed independent from the 

arbitrary level, which was documented when excavated. Additionally a grave also represented by 

detailed maps was reconstructed using SketchUp and imported to ArcScene. Currently the work 

focuses on the reconstruction of the stratigraphic sequence in correlation with stratigraphy observed 

by the excavators. The next steps will include the design of a geodatabase based upon gained 

knowledge about the type and character of the data and the implementation of HMC+ and GIS. 

2. CS Kreuttal (VAR 10.2) 
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Description: The CS Kreuttal is the largest LBI ArchPro case study in Austria. It combines multiple 

datasets, ranging from Neolithic to modern times, which will be tested in frame of the virtual 

archaeology. 

Results: For the upcoming exhibition Stonehenge (March 2016, Mistelbach/Austria) a focus was set 

upon the middle Neolithic Kreisgrabenanlage Hornsburg 3. Based upon the excavation and 

geomagnetic prospection data a 3D model was made, showing one of the latest monuments phases. 

The model includes also wooden constructions like the inner palisade and additional posts within the 

entrance to the West. The model was printed with a 3D printer (Z-cooperation), refined and 

prepared for the exhibition. An animation of the monument embedded in the presumed Neolithic 

landscape was created.  

During the visualization of the data severaƭ ŘƛǎŎǳǎǎƛƻƴǎ ƻŎŎǳǊǊŜŘ ŎƻƴŎŜǊƴƛƴƎ ǘƘŜ άƴŀǘǳǊŀƭέ ŎƘŀǊŀŎǘŜǊ 

of virtual scenes and buildings. Questions arose whether one might observe a difference between a 

calculated model and a model which is based upon real houses and structures. For this purpose it 

was decided to document the reconstruction of a Linearbandkeramik house rebuild in the scale 1:1 in 

the open air museum in Asparn in 2014. The house was documented using TLS and IBM. Both 

techniques will be again compared. Nevertheless natural details seem to influence the appearance of 

virtual structures to a great amount. E.g. the rooftop of the real house is bending following the 

supporting structures below. Introducing this curve into a virtual model makes it look more natural. 

3. CS Carnuntum (VAR 10.3) 

Description: The CS Carnuntum provides an enormous amount of dense and detailed information 

based mainly on geophysical prospection (GPR, Magnetics, EMI) and accompanied by remote sensing 

data. Especially structures within the Roman town are very complex and therefore best suited for 

testing ARCH4DInsepctor and HMC+. Furthermore data fusion concepts can be tested. ARCH 

4DInsepctor was initially developed to analyze the temporal relations of the different structures 

visible within the area of the auxiliary castle. 

Results: Within the area of the civil town, the mansion, a Gallo-Roman temple, the amphitheater and 

surrounding area were reconstructed and visualized. During the work a spatio-temporal analysis 

made a differentiation of two temporal phases. 

4. CS Stonehenge (VAR 10.5) 

Description: Within the CS Stonehenge a main focus of VAR is set upon animation and reconstruction.  

Results: Most of the work done concerns the visualization and modeling of latest results. Based upon 

a GPR survey the landscape of Durrington Walls was visualized. For this purpose the DTM gained by 

TLS was refined and combined with a general DTM. The DTM of the whole Stonehenge envelope was 

cleaned from modern roads and buildings representing therefore a (emotionally) non disturbed 

landscape. The timber circles of Amesbury 50 and 9 were also visualized and the models delivered to 

7reasons. Finally the causewayed enclosure of Hambledon Hill and Neolithic pottery was modeled. 

For the upcoming exhibition Stonehenge survey data was prepared to be displayed within an ATV-

computer game. The visitor sits on a real ATV and controls its virtual drive through the landscape of 

Stonehenge collecting prospection data. 

5. CS Akrotiri 

Description: Within the CS Akrotiri a main focus of VAR is set upon animation and reconstruction. 

Results: For the CS Akrotiri several Digital Terrain Models of the surrounding areas were generated 
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based on Terrestrial Laser Scanning data and Image Based Modelling. Some of the data were 

collected using Kite Aerial Photography. A first focus was set on the relocated archaeological 

excavation site of Robert Zahn in the Potamos valley some 500 m to the north-east of the Akrotiri 

excavation site dating to 1899. The location ƻŦ ½ŀƘƴΩǎ ŜȄŎŀǾŀǘƛƻƴ ǎƛǘŜΣ ǿƘƛŎƘ ƘŀŘ ōŜŜƴ ǊƻǳƎƘƭȅ ƪƴƻǿƴ 

from reports mentioning it in a ravine to the east of the ravine where later the Akrotiri site has been 

discovered,  and a photograph, has been determined using Image Based Modelling and Terrestrial 

Laser Scanning. With help of a set of 31 excavation photos from 1899 found in the collection of the 

German Archaeological Institute at Athens and the concept of involuntary photogrammetry it was 

possible to partly reconstruct the relocated excavation in 3D. Additionally, in December 2015 the 

excavation diary of Robert Zahn, containing drawings and detailed maps as well as descriptions was 

located in the Antikensammlung in Berlin. A working copy of the diary was made. 

Relevant lectures and publications: 

Aspöck, E.; Kopetzky, K.; Kucera, M.; Horejs, B.; Neubauer, W.; Bietak, M. (2015): A puzzle in 4d - Digital 

preservation and reconstruction of an Egyptian palace. Digital Heritage 2015. Granada, Spain, 

01.10.2015. 

±ŜǊƘƻŜǾŜƴΣ DΦΤ YŀǊŜƭΣ ²ΦΤ ~ǘǳƘŜŎΣ {ΦΤ 5ƻƴŜǳǎΣ aΦΤ ¢ǊƛƴƪǎΣ LΦΤ tŦŜƛŦŜǊΣ bΦ όнлмрύΥ aƛƴŘ ȅƻǳǊ ƎǊŜȅ ǘƻƴŜǎ ς 

examining the influence of decolourization methods on interest point extraction and matching for 

architectural image-based modelling. In: D. Gonzalez-Aguilera, F. Remondino, J. Boehm, T. Kersten und 

T. Fuse (Hg.): Virtual Reconstruction and Visualization of Complex Architectures. 6th International 

Workshop "3D-ARCH 2015. 25ς27 February 2015, Avila, Spain (ISPRS Ann. Photogramm. Remote Sens. 

Spatial Inf. Sci., Vol. XL-5. 

 

2.3 Underwater archaeology 

UWP1: State of the art prospection for underwater archaeology  

A description of the state-of-the-art of geophysical underwater prospection was finalized. A list of 

preferred acoustic sensor systems for high-resolution large-scale archaeological prospection of 

shallow underwater sites was compiled, including multi-beam sonar for the generation of detailed 

bathymetry models, sub-bottom profilers for the investigation of structures of archaeological 

interested embedded into the sediment, and side scan sonar for the imaging of the seafloor. In 

collaboration with Vienna University as well as the government of the region of Upper Austria the 

ǊŜǉǳƛǊŜŘ ǎƘŀǊŜŘ ŦǳƴŘƛƴƎ ŀƳƻǳƴǘƛƴƎ ǘƻ ϵррлΦллл ǿŀǎ ǎŜŎǳǊŜŘ ōȅ ǘƘŜ [.L !ǊŎƘtǊƻΦ 5ƛǎŎǳǎǎƛƻƴǎ 

commenced with the University of Natural Resources and Life Sciences (BOKU) in Vienna concerning 

collaboration for the setup of the underwater survey systems. First instrument demonstrations by 

the manufacturers are scheduled for May 2016. First archaeological prospection tests are estimated 

to take place in autumn 2016. The initial focus will be on the mapping and investigation of Austrian 

pile dwellings in lakes in Upper Austria. 

Relevant lectures and publications: 

Doneus, M.; Doneus, N.; Briese, C.; Verhoeven, G. (2015): Airborne laser scanning and Mediterranean 

environments - Croatian case ǎǘǳŘƛŜǎΦ LƴΥ LȊŘŀƴƧŀ IǊǾŀǘǎƪƻƎ !ǊƘŜƻƭƻǑƪƻƎ 5ǊǳǑǘǾŀ όолύΣ {Φ мптς163. 

Doneus, M.; Miholjek, I.; Mandlburger, G.; Doneus, N.; Verhoeven, G.; Briese, C.; Pregesbauer, M. 

(2015): Airborne Laser Bathymetry for documentation of submerged archaeological sites in shallow 

water. In: Int. Arch. Photogramm. Remote Sens. Spatial Inf. Sci. XL-5/W5, S. 99ς107. DOI: 

10.5194/isprsarchives-XL-5-W5-99-2015. 
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2.4 Unmanned aerial systems 
No activities during the year 2015. 

2.5 Data acquisition and processing 
Development of new camera kit for aerial archaeology 

For test-flights in project areas with new camera kit a new hardware based on Xsens MTi-G-700 

GPS/INS (provided by Partner UNI Vienna) has been tested. The results show that the accuracy is 

better than 0.5° in each angle (roll, yaw, pitch). Small software (based on Matlab) was written to 

automatically transform the images on a plane surface using the GPS and IMU data. The results were 

better than expected and the hardware can in future be used for automated archiving of aerial 

photographs as well as for providing initial values for the automated orthorectification (Fig. 11). 

Further test-flights with the Xsens MTi-G-700 GPS/INS (provided by Partner UNI Vienna) were done 

on 26th June and 2nd July 2015 in the case study area Kreuttal. 

 

 

Fig. 11: Result of automated transformation images on a plane surface using the GPS and IMU data. 

 

DAP1: Induced EM system method and testing  

The novel DualEM 21HS EMI system was tested with the aim to acquire experience how this system 

behaves under measurement conditions in the field (Fig. 12). The following tests were conducted in 

order to gain experience with the instrument, sensors and acquired data: 

1. long term drift: stationary measurement in order to determine the long term drift of each 

coil configuration 



 

  25 

2. roll/pitch dependency: determination of the roll/pitch factor in order to dynamically correct 

data for roll/pitch sensor movements 

3. repeated measurements of a single profile for determination of instrument accuracy and 

repeatability 

4. measurement in presence of a noise source: testing the influence and effect of a vehicle on 

the sensor with the perspective to mount the sensor on a motorized vehicle 

Since it was intended to mount the EMI sensor in front or rear of a motorized vehicle, the influence 

of the machine on the data was investigated. It is obvious that the machine induced noise increase 

when approaching the vehicle. On low conductivity terrain the influence is particularly visible on the 

0.5/0.6 m dipole, which reduces the capability to resolve near surface anomalies. 

For dynamic test measurements the sensor was mounted on the front hitch of the tractor. A profile 

was measured several times in order to specify the repeatability of a measurement and to compare 

ǘƘŜ ƳŜŀǎǳǊŜƳŜƴǘ ǿƛǘƘ άǳƴŘƛǎǘƻǊǘŜŘέ ƳŜŀǎǳǊŜƳŜƴǘ ǊŜŎƻǊŘŜŘ ōȅ ǘƻǿƛƴƎ ǘƘŜ ǎŜƴǎƻǊ ƻƴ ŀ ǎƭŜŘƎŜ 

behind the vehicle. 

First test measurements were performed within the case study Kreuttal and the data have been 

processed. During a first fieldwork test problems with the sensor configuration occurred and the 

auxiliary data (roll/pitch) was not recorded. Additional problems have been detected in case of 

higher sampling rates (>2Hz). The vehicle mounted EMI setup was as well tested within the case 

study Bisenzio.  

 

 
 

Fig. 12: The DualEM 21HS mounted in front of the Kubota tractor and alongside a Quad bike for the survey in Bisenzio. 

 

DAP5: Extension of APSoft 2.0 

The processing software for motorized geophysical prospection has been slightly changed in the last 

twelve months to better meet the needs of the LBI ArchPro. The ApRadar software was further 

developed to handle the new Mira firmware and to enhance positioning for Mira Systems without 

PPS input. The functionality of ApRadar was extended to export GPR fields to the 3D visualization 

ǎƻŦǘǿŀǊŜ ά±ƻȄƭŜǊέ ŀƴŘ ǘƻ ƛƳǇƻǊǘ ŀƴ άŀǊŜŀ ƻŦ ƛƴǘŜǊŜǎǘέ ŦǊƻƳ !ǊŎDL{ permitting the cropping of GPR 

data sets. Furthermore, a special method to detect and filter traces superposed by high frequency 

noise was implemented. The ApMag software was extended to eliminate single magnetic sensors 

from the processing, which is necessary if they are erroneous. The visualization of the magnetic 

prospection data was enhanced by reducing the influence of periodic interferences. ApMag was also 

extended by a robust function for optimized visualization of magnetic data in ArcheoAnalyst. 

The functionality for GPR and magnetic hand held systems was enabled to process many small areas 

in one pass by simply compiling the raw data of all areas in one directory. 


