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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 ainterpretation methods, largescale
application of norAnvasive 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 infmation 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 statef-the-art and the future demands for neimvasve 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 Archdegical 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 nedestructive 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 fer non
invasive data capturing, data processing, virtual reality Vigagon 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 studiegpiofessional 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

In 2013 there were no changes in the partner consortium

- LBG Ludwig Boltzmann Gesellschaft (A)

- NoeL- Province of Lower Austria (A)

- NIKU- Norsk Institut for Kulturminneforsknin@\) - The Norwegian Institute for Cultural
Heritage- Archaeology Department

- RAA- Riksantikvarieambetet (SJUV Teknik

- RGZM ROmisch Germanisches Zentralmuseum (D)

- VISTA University of Birmingham (GBThe Visual and Spatial technology Centre (VISTA)

- Uni Vienna University of Vienna (A)Vienna Institute for Archaeological Science (VIAS) and
Institute for Prehistory and Early Mediaeval History (UFG)

- TU Vienna University of Technology Vienna (Anstitute for Computer Graphics and
Algorithms (IG) and the Institute for Photogrammetry and Remote Sensing (IPF)

- ZAMG- Central Institute for Meteorology and Geodynamic (A)

- Airborne TechnologiegA)



Collaboration Partners

Collaborative agreements for scientific research tasks and case studies véttistfollowing
organizations:

- Uni Lund- University LundDepartment of Archaeology and Ancient History (S): Case study
Uppakra

- EAL-Eastern Atla&smbH & Co. KG (D): Magnetics

- Mald-MALA Geoscience AB (S): Ground Penetrating Radar

- Vfk- VestfoldFylkeskommune (N): Case study Vestfold

- Riegl- Riegl Laser Measurement Systems GmbH (A): Laser Scanning

- Pico- Pico Envirotec Inc. (CA): AirMagnet project

- GeoEx Geo Expert®Research and Planning Gmbh (A): AirMagnet project

- Uni Bradford- University of Badford (GB): Geophysics

- OAW- Austrian Academy of Sciences (A): Carnuntum ArchPro project

- Uni Gent- University of Ghent (B): Carnuntum ArchPro project

- BOKU University of Natural Resources and Life Sciences, Vienna (A): Remote sensing

- Wikitude ¢ Wikitude GmbH (A): Augmented Reality

- Interspot¢ Interspot Film GmbH (A): Scientific Documentaries

- HTL Steyg Hohere Technische Lehranstalt Steyr (A): Hardwlakelopment

- Treasons 7reasons Medien GmbH (A): Virtual Reconstructions

- SHM- Historiska MuseetStockholm (S)YGase study Birka



1.3 LBI ArchPro Board and Scientific Advisory Board

The LBI ArchPro Board:

- NoelL: Franz Humer, Gerhard Pfahler

- ZAMG: Sirri Seren, Michael Staudinger

- TUVienna  Norbert Pfeifer, Werner Purgathofer
- UniVienna: Otto H. Urban, Gerhard Trnka

- ABT: Wolfgang GrumethMario Rathmanner
- RGzZM Falko Daim, Detlef Gronenborn

- RAA Lars LarssorgGhristina Klotblixt

- NIKU: Carsten Paludaiiiller, Knut Paasche
- VISTA Vincent Gaffney, Eamonn Baldwin

- LBG MarisaRadatz, Claudia Lingner

The LBI ArchPro Scientific Advisory Board:

- Kay Kohlmeyer, dthschule fur Technik und Wirtschaft (HTW) Berlin (D)
- Julian Richards, University of York (GB)

- Joakim Goldhahn, Linnaeus University, (S)

- Maurizio Forte, University @alifornia, Merced (USA)

- Sarah Parcak, University of Alabama (USA)

In 2013 NncSAB meetingas taken place. Sarah Parcak did not follow the invitations to the two earlier
meetings. SAB will be redesigned by the LBG.

1.4 The LBI ArchPro Team

The staff ofthe Ludwig Boltzmann Institute for Archaeological Prospection and Virtual Archaeology
comprised the following fixed employees in 301

Wolfgang Neubauer (Director)
Michael Doneus (Deputy Director)
Immo Trinks (Key Researcher)
Alois Hinterleitner (Key Rearcher)
Nives Doneus (Key Researcher)
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Christian Briese (Researcher)

Christina Einwgerer (Administration Manager)
Sebastian Flory (Researcher)

Karolin Kastowskriglinger (Administration Manager)
Matthias Kucera (Researcher)

Klaus Ldcker (Researcher)
AgatalLugmayi(Researcher)

Erich Nau (Researcher)

Matthias Noster (Operations Manager)
Michael Pregesbauer (Researcher)

Vlad Sandici (Researcher

Elisabeth Schadek (Administration Manager)
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Philippe De SmedResearcher)
Geert Verhoeven (Researcher)
ThomasgZitz (Researcher)
Georg Zotti (Researcher)
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1 Laszlo Baumann (technician, facility management Langenzersdorf, maintenance of
equipment)

1 Roland Filzwieser (Research@m)ned the team in2013 with focus on the historical
interpretation of prospection datarad historical maps (Carnuntum).

9 Viktor JansdResearcherjoined the team in2013 He will work on posprocessingand
interpretation of geophysicaprospection datgCarnuntum)

1 Mario Wallner (Researchejpined the team in2013 with focus of dataacquisition
(Stonehenge, Carnuntum) and data interpretation (Carnuntum).

Staff inkind contributions:

Christian Gugl (Researcheogntribution from OAW

Camillo Resstontribution fromVienna University of Technology, Department of
Geodesy and Geoinformian

Rainer Schreg, contribution from RGZM

Lars Gustavsen, contribution from NIKU

Christer Tonningcontribution fromVestfold fylkeskommune

Eamonn Baldwimgontribution fromVISTA

Eduard Pollhammer, contribution from NoeL

Par Karlsson, Cont. RAA
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Temporary staff:

Manuel GablerKield Directoy

Jakob Kainz (Fieksssistan)

wlkyl12 aly22t2@A08 O0CAStR !aaradlydo
Hannes Schiel (Fiefssistant

Petra Schneidhofer (Fieksssistant

Christopher Sevara (Fieddsistant

Tanja Trausmuth (Field Assistant)

Alexandra Vonkilch (Field Assistant)

Julia Wilding (Field Assistant)

=4 =4 = =4 =8 - -8 -8 -9

Initiative College for Archaeological Prospection

The University of Vienna installed within VIAS an interdisciplinary Initiative College for archaeological
prospection ic-archpraunivie.ac.a} at the end of 2011Research fellows of the IC are working in the
close collaboration with the LBI ArchPro staff on the archaecdbginalysis of LBI ArchPro case study
data and various methodological data.

IC ArchPro research assistants:
Martin Fera

Manuel Gabler

Jakob Kainz

Karolin Kastowskriglinger
aAOKIf wdzO
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Petra Schneidhofer
Christopher Sevara

¢2Yt O ¢SyOSNJ
Katalin Tolnai

Willem Vletter
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Associated PhD research fellows
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Valeria Poscetti
Joris Coolen
Eamonn Baldwin
Christine Markussen
Agata Klimczyk
Ulrike Fornwagner



1.5 Highlights 2013
AP CONFERENCE 2013

From May 28 to June 2% 2013 the LBI ArchPro and the Austrian Academy of Sciences hosted the
GMAYGSNY I GA2Yy Lt [/ 2yFSNBYyOS 2y | NOKI S2t 23A0Ff t NJ
Society for Archaeological Prospection (ISAP) and the Aerial Archaeology ReseapctAGRG) in

Vienna. For five days the conference successfully provided a forum for 250 participants from all over

the globe including renowned experts, experienced professionals as well as young aspiring
researchers and students in geophysics, archaeobmyy computing who shared, discussed and

learned about recent developments and cuttiedge research in the muldisciplinary field of
archaeological prospectiofirig. 6)

About 160 presentations (oral, poster and multimedia presentations) covered theapectrum of
methodology and technology applied to the detection, localization and investigation of buried
cultural heritage (aerial photography, remote sensing, LiDAR, near surface geophysics, data
processing, visualization and archaeological inter@tionh) focusing on integrative approaches which

exploit the diversity of all data and information necessary for the visualization and interpretation of
archaeological and historical monuments, structures and entire archaeological landscapes. Extended
abstt OGa 2F GKSa&aS O2y(iNARodziA2ya 6SNB | fazcgaldzof A aK
skilfully edited and richly illustrated volume presenting an excellent overview of the latest
advancements in this field.

An attractive social programme (welcome pa@ > wS &SI NOKSNBQ t dzoz ol yljdzSi
highly frequented conference exhibition area offered many opportunities to network with colleagues

and chat with friends in a sociable atmosphere. These also included two excursions leading to the
Heldenberg Museum in the Weinviertel (north of Vienna) and to the Archaeological Park at the
Roman town of Carnuntum, both of which gave an impressive glimpse of the various archaeologically
significant landscapes around Vienna.

Fig. 6Virtual keynote lecture of Irwin Scollar during opening of the AP 2013 Conference (©Geert
Verhoeven



1.6 Press releases and press coverage summary

LBI ArchPro
0 Aus dem All, in der Luft und am BodeArchaologische Prospektion im 21. Jahrhundert
(Dimensione ¢ die Welt der WissenschafRadioO1http://oel.orf.at/programm/339358
o http://diepresse.com/unternehmen/austrial 3/1452560/Wolfgafdeubauer

Hornsburg
0 af LJzNBY dzy ASNBNJ +2NFI KNSy &G obmbX 220KS 0nKHIN
o http://www.noe.gv.at/Presse/Pessedienst/Pressearchiv/107874 kreisgrabenanlage.pdf
o http://www.3sat.de/mediathek/?mode=play&obj=3996X/ide0)

Schwarzenbach, A
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Stubersheim, D
o http://www.swp.de/geislingen/lokales/geislingen/Pickahd-Schaufehaben
ausgedient;art5573,1870826

Borre, N

o http://science.apa.at/site/bildung/detail?key=SCI| 20130523 SCI45051703612871562

o0 http://www.ots.at/presseaussendung/OTS 20130523 OTS0189/wikingerzeitlicher
haeuptlingssitzn-borre-suednorwegerentdeckt

o http://derstandard.at/1369361932482/IrMachtzentrumder-WikingerHaeuptlinge

o0 http://derstandard.at/1369264145066/0esterrehischnorwegischesl eamentdeckt
WikingerHaeuptlingssitz

o http://diepresse.com/home/science/1410665/MonumentalduegetalsWegweiserzu-den
Ahnen? vl backlink=/home/science/index.do

o http://www.wienerzeitung.at/themen channel/wissen/geschichte/54861Radarblickeén-
die-Vergangenheit.html

o http://www.wienerzeitung.at/themen channel/wissen/forschung/548256 Hésche
ForscherspuertenWikingerHaeuptlingssitauf.html

o0 http://search.salzburg.com/news/artikentmI?uri=http%3A%2F%2Fsearch.salzburg.com%2F
news%2Fresource%2Fsn%2Fnews%2Fsn2421 24.05.2e46D8¥197 3

o0 http://science.orf.at/stories/1718296/

o http://www.krone.at/Wissen/Wiener Forscher spueren Wikingdaeuptlingssitz adf
SpeziaBodenradasStory362668

o http://forschen-entdecken.at/14039.98.html

o http://www.archaeologieonline.de/magazin/nachrichten/hafeder-haeuptlinge
koenigreichder-toten-25864/

o http://www.bluewin.ch/de/index.php/1754,820958/Forscher _entdecken Wikinger
Haeuptlingssitz_in Norwegen/de/news/science/

o http://kulturarvvestfold.no/Artikkel/Forside/Nygunn-p% C3%Akongssetet
Borre/10007121.php

o http://www.niku.no/no/arkeologi/geofysiske undersokelser/arkeologer pa snoscooter/Ark
eologer+p%C3%A5+sn%C3%B8scooter...9UFRrYWi.ips

o http://tb.no/kultur/sensasjonsfunnpa-borre-etter-sokmed-snoscootef
1.7902531%localLinksEnabled=false

o0 http://redir.opoint.com/?key=PszF6qoydlYIsP2T3YQWnsbergs Blad)

0 http://redir.opoint.com/?key=4dMjAzBcOt5YIROCEW@jEngangeren)

o http://www.gjengangeren.no/nyheter/haffunnet-47-meter-langbygningfra-vikingtida
1.7902578

o http://www.nrk. no/ostafjells/vestfold/vikinggardunn-ved-borreparkenr1.11038882
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0 http://www.nrk.no/ostafjells/vestfold/ -ikke-grav-opp-vikinggardl1.11043010

o Fantvikingbygning idre (Aftenposten Innsikt 28.5.2013)

o http://www.huscarl.at/wikingerzeitlicher _haeuptlingssitz_in_borre_suednorwegen_entdeckt
und_rekonstruiert.php

Rom, N
http://radio.nrk.no/serie/kulturnytt-radio/mnma02016013/1308-2013#t=20m21s
http://www.nrk.no/ostafjells/vestfold/liggerdet-et-skipundersteinene -1.111 7490
http://www.vestfoldblad.no/nor/Kultur/Aktuelt/AApnergravhaugi-Slagendalen/(39060)
http://tb.no/kultur/graver -etter-nytt-osebergskipl.8016967
http://kulturarvvestfold.no/Artikkel/Forside/Gravhaugp%C3%ARomvestre-
%C3%A5pnes/10007244.php

o http://www.vik.no/Aktuelt/Apner-gravhaug/

ooooo3

Norwegen

o http://nikuarkeologi.wordpress.com/2013/11/19/arkeologisikdersokelsemagnetometer

fra-luften-2/

o http://www.niku.no/no/arkeologi/geofysiske undersokelser/arkeologer_flyr over_elverum__
for_a finne ukjente kulturminner/Arkeologer+flyr+over+Elverum+for+%C3%A5+finne+ukje
nte+kulturminner.QUFRVKWA
http://archpro.lbg.ac.at/pressreports-norway/luftige-forskereover-elverum(pdf-file)
http://www.nrk.no/ho/dette -flyet-skaHinne-kulturminner1.11382197
o http://radio.nrk.no/serie/kulturnytt-radio/mnma01023713/28.1-2013(Audio)

o

o
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2. Evaluation and new research programme

2.1 Evaluation Procedure

The evaluationafter the first three years of operatiois a regular procedure withithe statutes of
LBG. Independent externakperts are invited to evaluate the results of the past perodl to give
recommendations fothe future developmentThe LBG invited an international team of experts in
order to evaluatethe LBI ArchPran Vienna at 2% and 22° of November 2018onsisting af
Prof. Andreas Georgopoulos, National Techriralersity of Athens, Greece
Prof. Fred Limp, University of Arkansas, USA
t NEFTd t NI SYeaolg ! NblzOlTelsx t2tAakK ! OFrRSYe 27
Dr. Verena Kremling, Leibrizzzmeinschaft, Berlin, Germany

The LBG Head Office generated a comprehensive set ofignesthich served the evaluation panel
as terms of reference. The evaluation resudss distributed in 02014 to all Board Memberare
based on the following facts and actions:

AThe LBG Head Office provided the evaluation panel with the follomatgrial one month before

(KS 2ymarGSnorardy
-¢KS AyaiaAddziSQa SOOI f dzr GA2FOINBLIR2 NI O0RSt ABSNBR
- Annual reports 2010, 2011 and 2012 (public)
- Initial Proposal for setting up the Institute (2009)

AThe evaluation panel visited the ILBrchPro on 2tand 22° of November 201%t Hohe Warte 38
and LangenzersdarThe LBI ArchPro key researchers and directors gave a series of presentations on
the motivation, results and future perspectives of the LBI ArchPro.

Together withthe LBI ArchPronstitute, the LBl Head Office had prepared an agenda allowing for
contact with relevanstaff groupson the second day
- Directors (Neubauer, Doneus)
- Key researchers and doctoral candidates
(N. Doneus, Pregesbauer, Wallner, GablegsBji
- Employees charged with maintenance and development of equipment and infrastructure
- Representatives of partner organisations
(Gaffney, Paasche, Rathmanner, Gronenborn, Humer)

2.2 Evaluation results

Theresult of theevaluation procesdelivered in 02014isvery positive.

The evaluationreport of the expert teanexplicitly notes as cited below:

LY GKS FTANBRG odp &SFENB 2F Ada SEAaGSyO§
great international reputation andachieved excellent results. The evaluation panel stro
NEO2YYSyRa O2yliAydziyd FdzyRAy3a F2NJ[.L ! NX
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selling point that is particularly attractev for the members of the partner consortium (s
below), but also beneficial for the scientific community and the public. The LBI ArchPro is 1
archaeological research institute having developed, tested and, more significantly, effe
utilized@l NRA 2dza YSUGK2RA Ay | NOKIFS2t23A0It LINE
for the analysis of huge landscape scales and offers many interfaces for related sc
disciplines and research themes. While the focus on large landscapesigystocouraged it is
recommended that the LBI also develop versions of their methods that can be app
locations with more vegetation or other impediments to the large area techniques now in
Overall, this mission is considered to be sound akdsy G A FA OF f € @ adzadl A

LY GSNXY 2F FLOAftAGASA YR SljdZALYSYGz
Equipment and facilities are cutting edge and get permanently developed further accord
scientific criteria anddemands. Its innovative combination of computing competen
geophysical prospection technologies, hard and software development, and archaeo
SELISNIGA&ES Aa 2yS 2F (KS AyadaddzisQa LI N
attentionisi KS v Sig2N] | O0OSaaroAfAde 2F GKS Tl

G{aGFr¥F G [.L ! NOKtNRP A& KAIKfe& ljdatAFAS
trustful cooperation and a positive team spirit encouraging good idea$ @eativity. The
flexible, effective and very efficient use of part time models and job sharing is appreciated
SPOLtdzk GA2Y LI ySt ®a

G{2YS TFflIAaKALI LINRP2SOGxX adOK & GKS {17
allowed for theestablishment of an extraordinary scientific reputation and a highly visible p
outreach across Europe. Furthermore, the findings are highly relevant in terms of ng
politics relating to cultural heritage. The evaluation panel recognizes thaethagh impact
projects create a positive setting not only for the immediate archaeological investigation
also for the future by increasing the visibility and appreciation of these approaches by p
RSOAaA2y YIFI{SNE FyR (GKS Llzof A Odé

Gyt ISYSNI f = 0KS AyaidAaiddziSQa O2YOoAYl (A 2y
management and interpretation is very convincing. By combining informatics, geosciency
archaeology, LBI

ArchPro has achieved an extraordinary interdisciplinary psxrand methodological an
0SOKy2ft23A0lIf RS@OSt2LIVSYyidod ¢KS AyadAaddzis
sharing technological and methodological knowledge with partner institutions, but also in t
2F Lzt AO 2dziNBI OKde
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3. Results

3.1 Dataacquisition

Remote Sensing data acquisition

For the task "&st flights in project areas with new camera kit'first testflight with the GPS/IMU
solution was made on 13of June 2013. During thel®our flight, the casestudy area of Carnuntum

was recorded twice. Using the control information available in this area, individughaios will be
oriented and the orientation parameters compared with the resulting infornrafjoc-ordinates and
attitude) of the GPS/IMU solution. The data of the test flights are currently analyzed: analysis will
show the degree of accuracy and usability of the solution. A paper was prepared for the CIPA
conference in Strasbourg in September 2QYVerhoeven, G.; Wieser, M.; Briese, C.; Doneus, M.
(2013).

Geophysical data acquisition

Geophysical archaeological prospection fieldwork has been completed for the case study site Birka
Hovgarden by surveying areas in the vicinity of the burial mound$osigarden on Adelsd. Manual
GPR measurements and completing motorized magnetometer measurements on Bjorko rounded up
the largescale geophysical data acquisition in the framework of this case study, resulting in a total
coverage with geophysical surveyethods of 73.8 hectares.

The case study Kreuttal has seen some detailed magnetic susceptibility measurements as well as
repeated Caesium magnetometry and small scale GPR survey in connection with the seminary
excavation of the entrance situation of a Neloi¢ ring ditch structure at Hornsburg.

The most comprehensive geophysical data acquisition fieldwork campaign so far has been conducted
for the Carnuntum ArchPro project. After targeted information through a phone campaign and the
distribution of a brochre describing the project to some 270 landowners, in July and August 623
hectares of magnetic and 167 hectares of higfinition GPR data were acquired under rather
adverse measurement conditions. The freshly harvested fields and the lack of prioredato |
extremely dusty work conditions and temperatures topping 40 degrees Celsius.

In the framework of the case study Stonehenge some 180 hectares of magnetic data and 80 hectares
of GPR measurements on selected areas were conducted.

Spectroscopy

The focd T 2 NJ ®ysBmaiticallg dolledt grourdlF 8 SR YSIF adzNBYSy Ga dzaAy3
was on topics like building a completely new spectrometer station: the system had to be easily
deployable, stable, cogffective, easy to transport and simple to recimufre. In the end, a system

was assembled which is based on lighting components of different manufacturers. The testing and
fine-tuning of the complete system should be performed in late 20d@ne VNIR and also NUV
spectral measurements were also donetloé excavatiorarea in Hornsburg, case study Kreuttal
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3.1 Data processing and visualization

Georeferencing and data fusion

A significant amount of time was invested in the mtdtinporal processing of historical images and
ALS data from the study sitdglen, Norway. The results have bealneadypresented at the AP2013
conferencein Mai, buta further journal paper was finalizetliring the last months of 2013.

Within the task 'Gecreferencing of repeated ALS test flightse workflow for multitempord geo
referencing is already developed and the software package OPALS has suitable modules for
realization of the workflow with practical data sefBhe evaluation report, best practice guidelines

and publication have to be dort#l 1% April 2014. Furthemore, a first multiwavelength data set was
acquired and processed. The first archaeological interpretation looks promising. In the next months
the practical processing and evaluation will be finished, with a special focus on thetenyttbral

data setdrom Carnuntum (for radionteic comparison).

/ 2y OS NDita fysibn af AHS and ALS data F dzNJi K S NJ ¢ Zddjeratiph &ith RI2Wemha A y
concentratingon the advanced georeferencing of the AHS data.séte AHS georeferencing with

the software PARGE still in the test phaseAs a resulof the work package workflow for the
processing of the AHS data sets will be available.

For the task "Ortheectification of relevant aerial photography from the case study area"
background orthophotomaps for thease studies have been organizdebr each case study the
orthophotomap and relevant DSM and DTM have been saved in one directory and ArcGIS project
was build based on the data for the purpose of easier integrative interpretation

Digital terrain model geneation

The TaskAdvanced DTM generation for archaeological interpretdtimasfocusedon generation of
new DTM and DSM fatifferent case studiesA special model for AIS processingg® 1.2.4.1) has
been generatedTwo movies concerning the sites Kaupamgl Borre have been created. In order to
prepare the moviesthe necessary dathke models, orthophotomapsndinterpretations have been
gathered in one ArcScene project.

TLS measurements the case study area @&t.Anna have beedone on24" of May2013. The aim
was to compare the signal recorded from ALS and TLS systeaifse@nstanding tree. The ALS data
have been acquired on the $2f May 2013. Finally 25 scan positions were recorded (three were
repeated).

The complete Krewal and St. Anna ata setswere processed and delivered for archaeological
interpretation.

A new, refined DTM for the case study of Stonehenge has been prepaveting an area aipprox.

14 knf (Fig.7) The data used for generating the model was acquired in the years 2011, 2012 and
2013 (winter and autumn). Previous mod®d a lowquality which wascaused by incorrect scan
alignment (the differences in height between measurement campaigns were visithle model). In

order to refine the height position of the scans OPALS software has been used.
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Fig.7: New DTM model of case study Stonehenge

New DTM for case study Carnuntum has been created from the ALS data acquired o' thie 11
November 2011. Thdme of the flight and the vegetation state allowed preparing a precise terrain
model¢ most of the fields were already cleared.

Fig. 8:Part of theALS filteringveb-page (Introductio
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The analysis oALS attributes for the development afivanced filtering procedures is in progress
The field control habeen performed on the T0of April 2013 Advanced filter workflows have been
already developedand tested on several ALS data sets, mged further testingon practical
archaeological dta sets.Two reports for theWP Evaluation of different software packages for ALS
filtering have been prepared. The verification phase for tBeop++ and LIS Desktop software
packages was performed and documented. Within this phasdilieeing parametes tested before
only on the area 01 have been used for bagth extraction of two other area2 and 03. The
reports include some guidelines how to use the parameters in order to get optimal .rébafirst
results havealreadybeen published at thé&\P2013 conferencehe web-page for the projects under
construction (Fig8).

ALS data processing

For the task Radiometric calibration of ALS dathe radiometric calibration with the multemporal

data sets was finishednd tested within an archeological interpretatiohe first interpretation
results look promising antdave led to the preparation cd journal paper Preliminaryresults have
been presented athe EARSIsymposium in Gent, the AP2013, and the Rigggr ©nference2013.

Two flight missions over Carnuntum with in total three different-aSelengths were acquired by
RiegILMS GmbHAIIl the data sets were processed and the first results have been presented at the
RieglUser ©nference2013. Advanced resudtwith an archaeological interpretation were presented

at the CIPA conference #te begimingof SeptemberThe CIPA paper was selected as best paper of
the session and will be extended to a further journal paper

C2NJ GKS {(l&a] GLYOSHREANBHRUAZY QHINKGRAYZYWVIAOYR 06aSy
F NOKI S2f 2 3A fddt tests &vith Nddzebtivaad Batkiage STREX have alreaely ferformed.

As part of thedissertationof one of the IC ArchB students the programmeis also being further
tested The further investigation of automatic bredie extraction of archaeological structurées
ongoing with a deadline of1April 2014. The evaluation of the tools in several different project areas
and the archaeological analysis of the resulil follow subsequentlytaskwill be extended to the

next LBIArchPraoperiod).

AHS data processing

For the task " Geoeferencing and radiometric adjustments'warkflow utilizing the stateof-the-art
software products PARGE and ATCOR has been developedbcumented Many tests have been
performed in order to find a correct way of handling the atmospheric correction in ATCOR software
like if using smile versus nemile sensor gives differences in the result or if the sequence of
performed tasks influece the result¢ so if performing the atmospheric correction after the
geometrical correction gives significant difference in comparison with the alternate sequence.
Additional test concerning the influence of the flight direction on the AIS radiometrybkas
performed. The workflow is documented and in collaboration with the LBI ArchPro partner ABT
automated; the goal is to process large volumes of data at once without manual interaction. A
workshop in the premises of Airborne Technologies together witetbper and owner of PARGE
and ATCOR (Daniel Schlaepfer) was held to optimize the AIS data processing workflow. The guideline
as a working paper is work in progress. For the case studies Birk&@pikrathe radiometric
correction for the LiDAR strips waone.

A journal paper on the evaluation of AHS toolbadx in preparation Key point will be a novel tool
within the toolbox to visualize AIS data by distribution fitting, which allows visuakigmificantly
15



more cropmarks

Geophysicatlata processing

A novelty and considerable advancement in the processing of geophysical archaeological prospection
data, both magnetic and GPR, is the generation of compressed GeoTiffs that combine and integrate
the various earlier used output formats ffTand world file; ESRI FLT formatted file; ApRad Field
formatted file) into a uniform, well supported file with LZ@bmpression and XMiags for the
possibility to include metadata (XMHMExtensible Metadata Platform, LZW: LempgaiWelch
Algorithm). Thiasdvancement will permit simplified and compact data structures and the inclusion of
important raw and meta information (e.g. on processing steps applied) into the results image files.
User manuals have been compiled for the processing of GPS based GR&gaetic data.

3.2 Data interpretation and spatial analysis

Remote sensing data interpretation

For the task "Archaeological Interpretation of ALS data" the ALS dataset tfrensase study
Larvik/Vestfoldwas fully interpreted After remodellingthe DTM from the original data and an
archaeological based filtering, the interpretatiomas based on negative Openness (15m Kernel),
local relief model (33 Kernel) and a combination of hillshad@slope. In area 1, 131 barrows could
be located, 35 of Wich have to be classified as insec(fée.9).

Interpretation
?

. e

- Barrow?

Fig.9: Case study Larvik/Vestfold: ALS dét¢erpretation of area 1

C 2 MJdchéeological Interpretatio? ¥ | SNA I f  Lisvidvi f BORKptidkigak comtponent
analysis)and PCAvased imageprocessing approachdsas startedto see if we can use P@ased
techniques to interpret aerial imagés a better way than currentlignown.
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{AYAT I NI A& (KS AddhRedldylsal lterpietatin of )RISS dakhard a sview on
algorithms is fiished and first tests on Carnuntum data were conducted. Some work was invested in
the article of the application of the Red Edge Inflection Point algorithm and the distribution fi&ing.
presentation for the EARSeL Special Interest Group on Imagingd&pegly (SIGI$) France was
visited.

Geophysical data interpretation

Geodatabases for arckalogical data interpretation dwve been setup for the case studies
Stonehenge, Vestfold, Birkdovgarden, Uppakra and Carnuntum

The interpretation workflow developed during the last decades by ZAMG Archeo Prospections® and
Wolfgang Neubauer has been evaluated. Test interpretations by all respective team members have
been carried out and widely discussed during an internal workshop.

For the future interpretation of all case study data a comprehensiveb@gd interpretation work

flow will be developed. This work flow will be based on the ESRI Geodatabase® format (geoDB).
Currently the initial geoDB design is reviewed and enhantkd.development of the work flow and

the respective documentation will be done using software packages SmartDraw and Geodatabase
Digrammer. The two software products provide the perfect environment for the definition of
requirements, specification and irfgmentation of GeoDB templates to be interfaced as XML
documents directly to ESRI ArcMap®. All initial interpretation results will be integrated into the final
GeoDB based structure until end of 2012.

In connection with the design of the geodatabase amndtfarchaeological interpretation of the
Kreuttal datasets best practice guidelines for interpretation have been considered and tested.
General focus is set on redundancy concerning the workflow and practicability of used templates.
The aim is to enforce kogical workflow of the interpretation of geophysical data. In a first step the
structure and design of the geodatabase was defined. Once a geodatabase was defined using ESRI’s
Geodatabase Diagrammer it was tested in ArcGis10.0 concerning usabilityemifesmplates have

been tested and evaluated so far. After each test the original geodatabase was again modified with
the Diagrammer. The final step will be to introduce the newly designed geodatabaseakfiow
guidelines to the LBArchProto be testal on allcasestudy datasets.

Integrated archaeological interpretation

For the task "Data conversion and data integration of existing digital archse&ral files with
needed Coordinate Reference Systems (CRS) for @lrdiBrocase studies were créad. All old and
new CRSs of every individual case study ang ¢iall their parameters were included in an Excel
sheet. Additionally correctCRS files for ArcGIS were prepared and a tutorial on how to best
transform CRS using the NTv2 solution in A8c@&hs made. Finally, an intatrworkshop was
organized.

In frame of the taskGIS based integrated data interpretation” anterpretation workshop has taken
place in Oslo together with LBI partner NIKU und Vfk (Erich Nau, Wolfgang Neubauer, Lars Gustavsen
LiseMarie ByeJohansen, Christer Tonning, Vibeke Lia, Knut Paasche).

Classification of prospection data

In the frame of the task Classification of muHliemporal AHS data se€tshe concept of mult
temporal hierarchical image segmentationpiepared to betested. The idea is to segment the multi
temporal AIS data by first decomposing original image time series in Fast Fourier Transform
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component and therto perform hierarchical segmentation analogous to eCognition using Euclidean
distance betveen FFT components of same frequency aseasure of similarity.

For the 'Classification of geophysical datdifferent classification approacheshould be running in

the near futureautomatially or semtautomatically. Starting with the GPR data of gang an
objectoriented classification procedure has been developed. To allsgrinteraction a so-called

G! NOKAGSOG {2tdzixzyse KFra 0SSy I RRAGAZ2YyLIEt& RSO
understandng by theuser of the programming languageniseded. Additionally to the Kaupang data

set, a classification procedure for the Stonehenge set has been developed. For the future, the
development and the procedure have to be formalized to make it transferable to other data sets and

case studies. Furtmavork has been done to develop an object oriented description ofaclogical

features for a subsequent development of objestented rule sets.

For the "@assification of ALS datane of the test areas in the case study area of Leithagelbiage
beenprepared for the analysis and data sets waralyzed in OPALS software package thasethe
amplitude and echo widthlt was possible to calculate a number of various parameters (rank, echo
ratio etc.). Those parameters will be extended in order to fpdcificvalues forany given classThis

will not be done manuallgince gpecial machine learning techniques exist that are able to look for
relevant valuesautomatically.For that reason cooperatiowith specialiss for machine learnindnas
beeninitiated at partner TU Vienna (Department for Geodesy and Geoinformation)

A manuscript on the classification results for tbase studyBirka was completed and sent to the

W2 dzNY £ a! NOKIF S2f23A01Ff t NRPALISOGlGA2Y ¢ dscapbisysKAT S
according to one of the reviewers revised. Additionally, a paper on opennéiss visualization

technique, which is used for image based classification of the ALScda@s published in an
international peerreviewed journal

3.3 Methodologic& development

Standards

For thetask "Standardizing the data acquisition and post processing methgdgisielines for the
Forster magnetometer, the ATVs, the setup of JAVAD, post processing with Apsoft and the handbook
of Case Studies are available. Manufts measuring systemare currently basal on oral
communicationsince changes of the setup of systerhgppen quite regularlyA first best practice
workflow for the setup and the work with an Eastern Atlas System (Magnetics) was introduced. The
new centrd location in Langenzersdorf turned out to be crucial for smart logistics and therefore also
forms the basis for reproducible measurement procedures. A meeting for all Case study Leaders, field
directors and field workersvas held on15" of April 2013. Whin this meeting documentation of

most of the proceduresvastrained. Additionally first drafts of further guidelines and best practice
papers were made for GNNS JAVAMI the SPIDABystem First campaigns proved that the
structure of storage and logiss seems to work well

¢ KS eéfiaition of data exchange formats, geoDB and according inteddasds progressThe
dataformats that shall be used by LBI ArchPro are governed by several requirements: usability by GIS
software, esp. ArcGIS, a poshipito store and retrieve Metadata (georeferencing, but also e.g.
sensor information), and being a meaningful archive format which may also allow data usage by
other software. Most likely variants of TIFF with GeoTIFF and some private metadata tags (to be
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specified) will be used for 2D data (requiring some changes in APsoft), but there is no existing
generally accepted standard for 3D data, so several options are in discussion. GeoTIFFfloat or UInt16
raster data with the addition of XMP metadata tags (® dpecified) seems to be the best solution

for 2D data (requiring some changes in APsoft). 3D data (Radar data) will be stored both in the
previously used proprietary FLD format, and in multiband GeoTIFF or-bangleUInt16 GeoTIFFs.

An internal report @ data formats is already available. These metadata tags (detailsntly under
development) will have to be interpreted during raster GDB preparation and imported into according
raster GDB fields.

The first GeoTIFFs with XNdRsed metadata on magnetiese available from APsofinetadata aigs
for GPR imagestill must be specified

As a part of the taskMulti-scalar data representatidnnew software for the 3D visualization has
been tested.Currently, 32bit software is used for the 3D visualization. This software is not able to
visualize the large subterranean 3D data resulting from LBI ArchPro massive GPR surveys. Therefore
some other visualization solutions have been located and tesfedest week of GeoScene3D
provided rather mixed resultghis program circumvents memory problems by{grepping the data

area, thereby however preventing the whole area to be s&@n.the other handresults ofa test of
Voxler3, 64bit visualization solutip were very positive.After further testing three licenses for
Voxler®d have been acquiretdy the partner Uni Vienna.his 64bit visualizatioprogrammeshould

be able to display larger GPR data blocks than AVS/Exi@@esse work has been invested in a
workflow for conversion of issurfacesfrom older formatsWRL or OBYoxler also provides spatial
filters to be applied on the voxels in their respective neighborhood, and an animation which must
likewise be programmed has already been developed for thaluation talks. Unfortunately the
greyscale image data cannot be filtered meaningful enough to extract e.g. only hypocaust pillars as
clearly as the human brain can do. Hopefully fudath sets(GPRand magneticswill be able to do
better.

3.4 Softwaredevelopment

LoggerVIS

The development of LoggerVIS 2.0 has been completed. With the beginning of the case study season
and the modification of the existing measuring equipments Logtnad to be adapted to the
hardware changes. The software has undergone an update to encompass these changes. Further
work has been carried out on the Caesium magnetometers components of the software. Extensive
testing has been done in this area, resultingimproved functionality with Caesium sensors. With
G§KS NBadZNNBOGAZ2Y 2WShadidSbe éxteRdédit® dpkrateQhe M@w nfeds@EidgS NJ
equipment and also to prepare the recorded data for processing. Another implemented feature in
Logger Vissithe alternative positioning using a robotic total station instead of differential GPS.

ApSoft 2.0

Ly GKS FTNIXYSgg2N] 2F (GKS (GFral WtNBOSaaiay3a az27fiasl
further development has been achieved. For GPR systems theasefpackage ApRadar has been

expanded with a possibility to read the new {figmats fromthea L w! &8 aiSyYa Wfr ®OLIRGQ
Secondly a solution for automaticallgetecting and correctingPIDARadargrams was solved, since

the recording was starté late and the GPR trace top could b@ssing. For magnetic systems the
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algorithmshave been changetb account forlong dataoutageperiods in the order ofeconds(can
happen with Picodassystems), the program was expandéml read the Wa S| 4 @eddviptidn
information directly from the datafiles (xml files). Furthermore,various magnetic and GPR output
Formats (tifworld-file, ESRFLTFormat, ApRadField Format) have been changed to one uniform and
well supported format in GH&orld: GeoTiffswith LZWCompression and XMPags for metadata
(XMP:Extensible Metadata Platform, LZW: LempaatWelchalgorithm). All ApMag tools producing
rasteroutput-files were changed to generate GeoTiffs with L&Zdkhpression for greyscale images
and floatingpoint 2D-grids.

Solutions for automatic detection and problem solving for SPI®SERmshave been implemented.
GeoTiffawith XMP metadata have been completed foagnetics and started for radar.

ArchaeoAnalyst

For the task Definition of requirements and sgification of GIS Extension ArchaeoAnalsie
exchange data formatfor magnetic and radar datavere agreed upon The implementation of
GeoTiffs with xmp tags for metadata stordggsbeen finished.

"Implementation of GIS Extension ArchaeoAnalystisOin progressThe background ofrcGIS
software development has been studiemhd ax ArcGS Extension project was created as the
backbone of ArchaeoAnalyst, complete with an installer for easy distribution of the software. This
extension allows Archaeodlyst to be integrated irArcGISjust like any otherArcGlSextension.
Interpretation workflows were developed using an interpretation geodatabase to allow a team to
work together on the same archaeological landscape, with the possibility of viewing2eéicK S NI &
work. Therefore one focus was to implement user interfaces and software components to let the
user load data out of the geodatabase into layers, hierarchically ordered based on properties of the
desired datasets. Also the possibilities to stordeaslata in geodatabases have been explored and a
database prototype to be used with ArchaeoAnalyst was developed. This geodatabase together with
ArchaeoAnalyst should simplify the handling and loading of the large datasets used for the
interpretation proess.

The development of ArchaeoAnalysttime autumn 2013was particularlyinfluenced byconcurrent
interpretation sessionssince imprtant knowledge for further development of ArchaeoAnalyst was
acquired during the interpretation process. The resultsha$ parallel development procedure, is a

set of tools. The first tool is the Dataigration tool having the purpose to translate whole datasets
semantically and structural. This tool is being used in migrating older interpretation data into the
new geodahbase structureThe second tool is the Geodatabaserge tool. The purpose of this tool

is to merge the content of geodatabases with the same structure detecting and reporting conflicts
based on data ownership. This tool is crucial when working in arléggen, for efficient data storing

and management of the results, when working with file geodatabases. It is essentially a pseudo
versioning system for file geodatabases. This tool is the software representation of our interpretation
collaboration workflow

Some work was alsaledicatedto the development othe DBFeedermoduleof the ArchaeoAnalyst
Thismodule enables the user to load data from the interpretation geodatabase and also from the
raster geodatabase intdrcGlS_ayers. The user interface thfe DBFeedeprovides a more intuitive

way to build the layers and to specify the content to be loaded. There are two modes simple and
composed. The simple mode loads just one layer and the composed mode creates a layer tree of
geodatabase data. This tobas the built in feature to reflect the content of the geodatabase in the
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user interface offering just the relevant options context based and also warning the user if data is
unavailable.The software architecture of this tool is implemented and it alldiast extension
implementation for new geodatabase feature classes and raster catalogs.

1.6 Hardware development

Motorized systems

For 'Construction of motorized magnetometer systémesontinual modifications of the existing
systemswere carried out rainly oncerning the wheel suspensions and Hmgarings in general all
movable componentshat are exposed to extreme pressures. These parts need tadiginuously
serviced and replaced, during these replacements new parts made of different material are being
tested.

The task Design ofmotorized GPR systerhgocused on the dsign ofa carrying vehicle for the
SPIDAR Il system. Its design is based on the aluminium prototype used for the SPIDAR | system.
Various modificationsvere based on experiencegained duringthe two-year use of the preceding
model:the dbandonment of a mounting for the odometer wheel (instead use of constant measuring
frequency),the installation of mounts for voltage stabilizers (provided by Sensors&Softyidie)

design of a ceer (canvas) fothe SPIDAR antenna array to provisi@tection againstain, dust and
vegetation.severalsmaller modifications of smaller components (screws, bearings ¢te xdaption

of the power supply cables to be used directly with the additioaaiboard batteries of the
DinliCenthor ATV (no separate power supply for the SPIDAR system necessary any more).

Based on lis designthe construction of the SPIDAR Il carrying vehieés alsodevelopedfurther.

The frame was constructed of special stagd steelfour highly durable wheel chair wheels were
used on swing (pendulum) axlasd the protective cover was sewed from truck tarpaullhe NICs

and Hubswere mountedin an aluminumbox (ZARGES) in the front area of the vehittle six
antenna pais in the rear part.The onstruction of the vehicle took place in Mauterndorf
(ZweiradSampj)it wasthen transported toLangenzersdonivhere firmware and software updates of

the single GPR components and first test surwegse carried out. The system wasubsequently
moved to Stonehenge for first largeeale surveys. Several smaller issues with the system could be
solved during thecase studyStonehenge: A main problem was caused by the GPR signal interfering
with the GPS signal. A few layersaluminum foil directly underneath the GPS receiver solved the
problem. Some of the cables connecting a single NIC with a Hub needed to be replaced. After these
modifications the SPIDAR system veagrating satisfactorilySome of the modifications meoned
above have also been applied to the SPIDAR | sydueimgthe case studystonehenge.

Positioning and navigation

GPS: During a meeting in December 2012 with responsipieesentativesfrom EPOSA (RTHPS
correction signals via GSM) subsequent dadt their service were appointed. First tests with the
EPOSA system were carried out during April 2013. Our existing Javad Sigma and Javad Triumph 1 GPS
systems have been modified and a separate SIM card with a data rate of 4GB was purchased.
Problems wih the Javad firmware led to unsuccessful results. After contact with technicians from
Allsat GmbH weeceived updated firmware versiongnd a rew GSMmodemwas installed on our

Javad Sigma Regers. RTK correction via GSM using the EPOSA service ampeank twell. First

field tests in Langenzersdorf and Carnuntum have been carriedibetEPOSA service will be mainly
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used for positioning of the MIRA Il system to create a fully independent survey system with all
necessary components steadily installadhmard of the Kubota RTV.

Totalstation:In cooperation with ZAM@ ArchaeoProspectiorss survey was carried out in the center

of the town of Klosterneuburg. Difficult survey conditions (rather small survey areas surrounded by
2-4 storey high buildings) nda certain modifications of the MIRA array and the processing software
necessary the odometer wheel was mounted and tracking of the survey was carried out using a
Leica Robotic Totalstation. the framework of this project a new version of the MIRAsafquisition
software was tested talefine the GPS accurgaduring the survey(the old softwareonly allowed
RTKfix). Under certain survey conditions this new feature allows to carry out surveys which were
otherwise impossible.

Optimization and extensiorof survey systems

For the task Design and construction of nhamagnetic sensor cdrtthe project 'HELGA redesigned

(new design and construction of a manually operated magnetometer system) was planned and
executed in cooperation with three students of tleehool HTiSteyr. The students finished the
construction of the first prototype cart. All necessary electronic components (Foerster probes, PNC
digitizer, Toughbook, GPS System) were demounted from the existing motorized Foerster PNC
system and mounted owtthe prototype. First proper field tests were carried out in the vicinity of
Steyr. Various construction faults were determined during the tests and several modifications have
been carried out by the students. The system has been moved to Langenzersdovillsbe finalized

there.

For thedaily application of a stable €sium sensor arragluringthe excavation projectHornsburg

3¢ the 1996 constructed nomagnetic ladder systewas selected and modified (taskriiprovement

of manually operated Caesium magnetometer systert)). The ladder system needed to be
strengthened in order to span over several meters of excavated area carrying the rather heavy
sensor array. Six Caesium sensors were mounted in an array with three sensors close to the ground
(with 50cm sesor spacing) and three sensors used as gradients (two meters abbeedksign of

the arraywasbased onprevious LBI ArchPiests. Two of the PicoEnvirotec digitizer boxes and the
power supply were mounted on a small cart to be placed outside the etioavaench. A Panasonic
Toughbook and LoggerVISeme used for measurement control and data acquisitioSeveral
adoptions were necessarmo position the system as a RTK GPS system, mounted on the ladder
system in a stable position with the Caesium sensors, should be Tisedrain issue was to transfer

the position data to the Toughbook in real time to be recorded on the run together wi¢h th
magnetic data. Bluetooth based data transfer was tested but appeared to be too instable over a
distance of more than 10m. Modifications the Satel radio modems (originally provided by Mala for
the MIRA system) were necessary to reliably position the wisgkdem. A Satel transmitter was
connected with the RTFRover on the ladder system and a receiver placed in close vicinity of the
Toughbook.Several smaller modificatienof the Casium ladder system were necessary during
fieldwork at Hornsburg

Continuoustests and modifications of the motorized Caesium systewere done for the task
"Optimization of magnetometer sensor arrdy§he onstruction of a new box for the electronic
components (digitizers, power supply) to be mounted on the ghasl been succehsd; the old box
had causedoo many vibrationglisturbingthe system The computer (SmallPC) steadily mounted on
the Dinli ATV was sent back to Canada for refepeatedests at Carnuntum and Hornsburghow
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that the newly set up systeris workingreliably now. The development of tise systensis therefore
completed

New sensor technologies

In August 2013 a Medas@asium iodide gamma ray system has been employed for first tests at the
case study area in Carnuntum. The aim of a gamma ray system is surad¢he natural radioactive
radiation of certain radionuclide like Uranium, Thorium and Potassium. Anomalies of these
radionuclides may indicate changes in the shallow subsurface. The device was mouardepod
towed by a quad bikePositioningwas done via GPS and an inertial measurement &uitther tests
arescheduled fothe next time period

3.5 Case studies

Case study selection and documentation

The tesk "Case study standards, documentation guidelines and geoDB mainténfancses on te
development of a series of definitions regarding case study workflow ahduld enable cost and
time effective planning, conducting and monitorinfthe LBI ArchPro case studigdfiemain focusn

the last monthswas set upon the design and maintenance of a geodatabase. Preceding work dealt
with the setup of the necessary infrastructure including the data structure, file structure, server
design etcAll raw data (first step) hae to be stored after each campaigre@rding to the handbook

of case studies. Post processed data (second stepke ha be provided for archaeological
interpretation afterwards. The geodatabashouldcontain theseinterpretation data (third step) and
basic raster datasets. The geodatabass ko be designed in the way that all attributes linked to an
object (point, line, polygonetc.) are well defined. Each castudy will be represented by an
individual geodatabasetherefore maintenance is within the responsibility of each Case Study
Leackr.

Case study dta acquisitionand interpretation

In 20134SCRUMY S S (i A(pfadldct development strategy where a development team works as a
unit to reach a common gogaWwere introduced into the workflow of archaeological interpretation.
Next to the intepretation of prospection data from case studi€arnuntum, Stonehenge, Birka,
Borre and Kaupanglifferent approachegor the designed geodatabases and workflows were tested
In the following textthe data acquisition and interpretation for individual case studiésbe briefly
summarized

 Borre N
Data acquisitionand Interpretation
In March 2013the vicinity of the Viking Agéurial groundat Borrewas investigated vith a GPR
system specially developedor use on snow covered areaser the course of four days (Figd)1
The campaign aimed at testing the possibility to use a SPIDAR system mounted on a sledge and
pulled by a snow mobile in order to extend fieldwork campaigns into thrgestime. Some areas in
the vicinity of royal burial site of Borre were selectedtest the modified SPIDAR systeim. search
of settlement structures, the highesolution 3D-data images that were recorded west of the
archaeological parkver an areaf 22 ha were analysl by the LBI ArchPiia collaboration withthe
Norwegiancolleagues In addition to numerous arnircraft gun emplacementand trenches from
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World War 1) that were visible in the radar dataorth of a formerbeach terrace the remairs of a
typicallarge Viking Age buildingith several outbuildings were discoveradthe subsurface (Figll

Fig. D: Multi-antenna GPR system for measurements in the snow

Fig.11: Reconstruction of théate Viking Agearmstead

For the construction of thabuilding a1500m? largeterrace had beerprepared. On thigerrace a
long housewith 47 m side length and about 650 ffloor area hadbeen constructed oriented
parallel to he beach This building witlthree naveshada widthof 1214 m. It had a porch facing the

24



sea with a central entrance. The buildihgd additional entrances from the nortkeasern narrow

side and thdong sideoppositeto the sea.Traces ofhie central roofsupporting wooden posts can be
detected in the rdar datain form ofthe pits in which theyhad been placed. These pbsies have
diameters between 1 andl,5m, further demonstratingthe monumental character of this Viking Age
building.. The typical shape of the longitudinal wall opposite the fseat with the inclinedroof-load
bearing postsindicates the dating of thimewly discovered houseResearch in this matteis still
ongoing but suggests that this building is to be datedhe period 950 to 980 AD, thus the end of

the occupation time of the burial groun@reliminaryinterpretation suggests the building to be a late
Viking Age farmstead, the seat of a chieftain erected right in front of the monumental graves of their
ancestors.

1 Larvik/Vestfold N
Data aquisition
In 2013 two fieldwork campaigns have been conductethenframework of the case study Larvik /
Vestfold. The campaigns took place from Marchtd March 13" and from September #ito
October 18 2013 (Fig12).

Fig.12: Larvik / Vestfa: Fieldwork autumn 2013

The main objective of the September campaign was to finalize the GPR prospection in the area of
Kaupang / Tjgllingvollen. A total coverage of the same areas that have been surveyed with magnetics
before, could be obtained within three weeks of fieldwork. Additionally magnetic surweys
conducted in the area of Slagendalétherimportant tasks were several smaller test excavations in
order to obtain archaeological and geoarchaeological datpihg to interpret anomalies visible in
magnetic and GPR prospection data. These excavations have been carried out in the area of Berg /
Manvik in close collaboration with archaeologists frefestfold Fylkeskommune
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Datainterpretation

On the 7" and 8" of May2013a workshop on the interpretation of our geophysical results as well as
the overall archaeological interpretation of the site of Kaupang was held in Larvik/Vestfold.
Participantsof the workshop came from all major archaeological institutiondlorway and from the

LBI ArchProAs apreparationfor the workshop aSSCRUM meeting was hedthd of Marchin Vienna

with a focus onthe interpretation of the site of Kaupang and its hinterlandA small team was
working ondifferent tasks forseveral weks.The tasks included a final processing of the geophysical
and remote sensing data based on new developed processing algorithms, the st an
interpretation geodatabase and raster catalogues as a collection of the final images, development of
automatic image classification algorithms in the eCognition software package and subsequently
followed by the archaeological and geological interpretatidks a result several PowerPoint
presentations showing all different stages of the survey, processing inallyfthe archaeological
interpretation were produced.The followinglectures given at the workshop in Larvik were very
successful.

1 Uppékra S
Data acquisition
In the framework of a seminary excavations conducted by Lund University at the site of Uppakra
September 2013 in order to follow up prospection findings from the LBI ArchPro, measurements of
GKS a2AftQa YIFI3IySGiAO adzaOSLIWiAoAfAGE YR RASE SOGND
of the relationship between observed structures in thegnd and anomalies mapped.

1 BirkaHovgarden S
Data acquisition
Between June % and 27" the third fieldwork campaign of the LBl ArchPro case study Birka
Hovgarden was successfully conducted in Sweden, completing the geophysical data acquisition.
Areas hat had not been accessible with motorized GPR survey equipment were manually measured,
while simultaneously motorized magnetometer and GPR prospection (SPIDAR) were conducted at
Hovgarden, mapping settlement traces in the vicinity of the former Manor elédusnohus. Contacts
with stakeholders regarding the use of the archaeological prospection data were established
(Historical Museum) and plans made for a first small exhibition on the LBI ArchPro case study in Birka
Museum.

1 StubersheimKilianstadten D
Data acquisition
From the ' to 5" of October 2012 the first geophysical survey campaign of the new case study
Kilianstadten/Hessen together with the RGZM (Detlev Gronenborn) was carried out. During this first
campaign theexpansiorof a settlement of the Linearbandkeramik culture could be determined. Due
to bad weather conditions (heavy rain at the end of the survey), the short time window available and
the state of some fields not being harvested, a second fieldwork campaign veessay. This
campaign was conducted in th&’ 3veek of August 2013. Within two days of fieldwork the missing
areas and some additional ones have been prospected using one of the Eastern Atlas magnetometer
systems. Theutline of the settlement is now doauented completely except of the not accessible
parts. Most of these have already been destroyed by the new highway bypass, which initially started
the investigations. The Case study Kilianstadten now covers an overall area of 35 ha.
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1 Stonehenge GB

Dataacquisition
In February 2013 a short twweek survey with TLS has been carried out in order to cover the

previously not measured areas to the south, west and east of the Stonehenge tri{&igEs).

Fig. B: Stonehenge: geophysical prospection 2203

Fig. 4: Stonehenge 2013

From August 28 to September 2% 2013 a proposed final geophysical field campaign has been
carried out for the Stonehenge Hidden Landscape Project (SHLP) and the accompanied LBI ArchPro
case study in order to wrap up the residual rest of the unmeasured prayeet (Fig. 4). Except for

some small areas which could not be surveyed because of growing crop and inaccessible fields the
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