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Stereo visualisation and 3D reconstruction of
objects together with their environments is an
important topic of research but also of interest
for entertainment with applications in many
areas such as gaming, virtual museums and
architecture.

In the last few years 3D cameras and 3D
visualisation has progressed enormously. For
F&) OHGF Fi X)L F&) "KKJ (HKT *h*¥-" GF)H)K
image acquisition to visualisation of com-
T)H+%-"1 G+E)LF4O+ -L* JHID-F) -JJ"i+-FiKLG 4G
closed. Besides this, comparatively inexpen-
sive stereo screens and 3D printers are avail-
able for everybody.

3D capturing hardware and processing soft-
ware has been available for several decades.
However, their acquisition costs were exorbi-
tantly high. Hence, the use of these systems
and methods was limited to larger production
companies and a few academic institutions
and research institutes.

This situation has changed dramatically
in recent years. Today free software is avail-
able that allows 3D reconstruction based on
uncalibrated consumer-grade sensor systems.
An example is Bundler, a 3D software tool
based on structure-from-motion (SfM) algo-
rithms where a large number of unordered im-
ages can be processed. Previous projects have
shown the capabilities of this software where
it has been applied on city-scale photo collec-
tions, e.g. the Rome in a Day project.

Beside this, digital stereo cameras can now
be used for 3D capturing and visualisation.
In addition to passive optical systems, some
inexpensive active systems, e.g. light meas-
urement and David laser scanner, exist. The
Kinect sensor which Microsoft originally pro-
vides for the Xbox 360, applies a completely
different approach. Measurements can be car-
ried out by comparative analysis with a ref-
erence pattern using a speckle pattern depth
approach. KinectFusion is another research
FKJ+ F&-F 46 "-%LAL™ KLF)H)GF K( F&) G+h)LFiO+
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community as the system focuses on real-time
3D reconstruction of indoor scenes by using a
moving depth camera.

A new trend is the implementation of 3D re-
construction on a variety of web-based 3D re-
construction services, e.g. 123D Catch, avail-
able also on iPhone and iPad.

All the above-mentioned trends are with-
in the scope of the LC3D conference. The
department for Geodesy and Geoinforma-
tion Techniques at the Technical University
of Berlin (TU) as well as the Department of
Computer Science (Computer Vision) of Hum-
,K™*F 2LID)HGHF@ 3 ; 27 &KGF)* F&) OHGF N:zKC9
Cost 3D: Sensors, Algorithms, Applicationsi
workshop which was held on December 6 to 7,
2011 at the TU Berlin. The workshop featured
live demonstrations of various systems in the
afternoon and continued with a conference at
the next day including 13 presentations.

The workshop was organized by Prof. Dr.-
Ing. Frank NEertzeL (TU Berlin) and Prof. Dr.
rer. nat. RALF REULKE (HU Berlin) supported
by their respective staff members. Joint organ-
isers of the workshop were the German Aero-
space Center (DLR Berlin-Adlershof), the
Fraunhofer Heinrich-Hertz Institute as well as
the International Society for Photogrammetry
and Remote Sensing (ISPRS) represented by
the Image Sensor Technology working group.
48) -KCI?KGF 6= CKH$6&KJI &-G ,))L F&) OHGF
one of its kind that exclusively focused on
Low-Cost 3D reconstruction while covering
the entire spectrum of facets. The event at-
tracted researchers, developers and users that
-H) KLF)H)GF)™ 4L D-HIKEG 0)"™*G K( -JJ"i+-FiKL
and the intrinsic potential of such techniques.
In spite of the short announcement 80 partici-
pants from Germany and abroad attended the
CKH$G6&KJ C&H+& H)M)+FG F&) +EHH) LF hLF)H)GF HL
this hot topic. About two thirds of the partici-
J-LFG CHH) -(0"i-F)* FK 2LYD)HGIFK)G KH KF&)H
research facilities, 28% worked in free enter-
prises while a minority of 5% came from ad-
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ministrative or public authorities, e.g. working
in archaeology and forestry management.

Live demonstrations of 13 presenters took
place at TU Berlin’s GeodVtenstand, a geo-
detic observation platform on the university’s
roof, and proofed that 3D data acquisition can
be cheap. The combination of the icebreaker
party and live demos went well, accompanied
by a picturesque view at dusk over Berlin.
Staff of TU Berlin presented how one can re-
construct geometry by applying Bundler and
PMVS2 software, Ruhr-University Bochum
showed their low-cost navigation system
based on a PMD camera, the TU Clausthal-
Zellerfeld demonstrated impressively their
implementation of a visualisation of cave sys-
tems, Fiagon GmbH, displayed a novel navi-
gation system for dentistry while GFal tech
Itd. presented their new laser scanner Final-
Scan LR-50.

At the following day 13 talks were held in
OD) G)GGHKL +KD)HKL™ -GJ)+FG (HK ¥ *-F- -+1E}-
sition, algorithms, geometric considerations
and various applications. The spectrum of the
presentations was large.

Frank Nerrzer (TU Berlin) presented a low-
cost UAV system, an octocopter equipped with
Canon IXUS 100 IS, for mobile mapping pur-
poses. Subsequently, Konrap WENzEL (Uni-
versity of Stuttgart) presented a multi camera
system consisting of panchromatic and near
infrared cameras, while a Kinect projector was
EG)* FK )LGEH) GE(O+¥)LF +KLFH-GF KL F&) K, -
ject’s surface. Yuan Xu (Humboldt-University
Berlin) used a Kinect sensor for motion detec-
tion within a soccer playing robot. JAN BEHM
(University College London) presented results
of his accuracy analysis that he conducted on
various natural user interface sensors (Ki-
nect, PrimeSense and Asus). FABIo REMONDINO
(FBK Trento, Italy) showed, apart from results
of accuracy analysis, effects of multi view ste-
reo software (Photosynth, Agisoft, Apero/
MicMac) for automatic generation of 3D point
clouds. SEBAsTIAN VETTER (fokus GmbH, Leip-
zig) demonstrated the versatility of their me-
tigo 3D software on various tasks for object
documentation based on image bundles. Af-
terwards GeNTER Pomaska (University of Ap-

plied Sciences Bielefeld) presented a solution
which combined Microsoft’s Photosynth with
SketchUp 3D for modelling buildings. NEes-
RINE GRATI (i3mainz) demonstrated a strategy
for improving 3D reconstruction within point
clouds of urban scenes by deploying 2D im-
-")H@ BL KIFh14G)* CKH$ -L* *-F- MKC &-6
been revealed by MoHAMMED ABDEL-WAHAB
(University of Stuttgart). WiLHELM HANNE-
MANN (TU Clausthal-Zellerfeld) took the au-
dience underground while presenting their in-
teractive WebGL visualisation of a spacious
cave system that has been reconstructed via
Bundler and PMVS2. Tuomas Kersten (HCU
Hamburg) revealed the potential of multi view
stereo software, namely Bundler / PMVS2,
5&KFKM@ . />6= ?-F+& -L* SI+HKGK(F S5&KFK-
synth, with examples from architecture, cul-
tural heritage and archaeology, and compared
the results with point clouds from terrestrial
"-G)H G+-LLL" -G "HKEL* FHEF&# 4CK OL-"F-"$G
from commercial organisations grasped the
idea of low-cost from a different perspective.
Dirk KowaLEwskl (navXperience GmbH, Ber-
"hL7 H-4G)* F&) IE)CFKL NO&-F 4G F&) H)-" -+-
curacy of a GNSS antenna?i. ANDREAS ROSE
30-"KL <@, ;1 AHWLT JH)G)LF)* -L KJIFH+-"
navigation system for dentistry.

The contributions of ABDEL-WAHAB et al.,
HaNNEMANN et al., and KERSTEN & LINDSTAEDT
are published in this issue of the PFG.

To conclude, every participant experienced
the enormous potential of the image based
data acquisition techniques for numerous
0)"™*G K( -JJ"+-FiKL: O&Y") F&) *)D)"KJI T)LF
K(F&) F)+&LYIE)G 4G -F 4FG ,) "HLLKL "1 OHGF +K ¥ -
mercial steps are currently undertaken. We
believe that these methods will gain a wide
distribution. However, aspects of accuracy,
embedded quality measures and reliability
are yet not suitably solved for commercial ap-
plications and have still be investigated thor-
oughly.

We hope that again fascinating talks on the
subject can be heard at the second workshop at
the end of 2012 in Berlin-Adlershof.

Frank NETzeL and RaLF REULKE, Berlin
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Summary: Reconstruction of image orientations
and geometry from images is one of the basic tasks
in photogrammetry and computer vision. A fully
automated solution of this task in terrestrial appli-
cations is still pending in case of large unordered
image datasets especially for close-range and/or
low-cost applications. Current solutions require
high computational efforts for image networks with
WVXW ANPLRZCWB ~ON\ \VEZJIHB JZX“J\VOX “~KFVIV-
tion geometry. Unlike the methods suitable for
landmark reconstruction from large-scale Internet
image collections we focus on datasets where one
cannot reduce the number of images without losing
XZNPZHIV™ VOYNJP"HINO NY HWZ \“H™1ZH= " "VHWO HWZ
paper, an automated pipeline for the reconstruction
of reliable and precise camera orientation from un-
ordered image datasets is presented. Results for a
"RNIZ.J™0XZ NFRHFJIR WZJVH™XZ ~LLRVA™HINOb HWZ ZC™ P-
ple of the Amsterdam project, are shown to demon-
strate the performance of the presented pipeline for
applications with low cost and high accuracy re-
quirements.

Zusammenfassung: Automatische und hochge-
naue Orientierung von groFen, ungeordneten Bild-
verbdnden bei der photogrammetrischen Aufnah-
me von Weltkulturdenkmdlern. Die Rekonstruktion
von Kameraorientierungen und Objektstrukturen
aus Bildern ist eine der Hauptaufgaben der Photo-
grammetrie und der Computer Vision. Eine vollau-
tomatische Losung far terrestrische Anwendungen
mit unregelmVBig angeordneten BildverbVnden,
unabhVngig vom Kamerasystem (professionell
oder Amateuraufnahmen), steht noch aus. Gegen-
wVrtige Losungen erfordern einen hohen Rechen-
“FYD O\ YhJ TNPLRZCZ zVRNTNPLNIHNOZO= 1P 4Z-
gensatz zu AnsVtzen zur Landmarkenrekonstrukti-
on mittels BilddatensVtzen des Internets will der
vorliegende Beitrag alle verfagbaren Bilder nutzen,
um wertvolle geometrische Details nicht zu verlie-
ren. Aus diesem Grund stellen wir einen automati-
1"WZO **NJTKND YhJ \VZ &ZTNOIHIFTHINO ENO JZLJN-
duzierbarer und prVziser Geometrie aus ungeord-
neten Bildkompositionen vor. Dieser wurde far
eine spezielle Anwendung bei der Rekonstruktion
der beiden Tympana des Koniglichen Palastes in
Amsterdam entwickelt und getestet. Die Ergebnis-
se belegen die LeistungsfVhigkeit des Gesamtkon-
AZLHI DVZ “FAW\ZJ VP “FENP HVINWZO **NJTKND JZ-
alisierten Einzelpakete hinsichtlich niedriger Kos-
ten und hoher Genauigkeit.

; POIKNYHZITNO

In the past few years, close-range and/or low-
cost photogrammetry has become a focus of
research especially since cameras enable data
acquisition at very low prices, but with high
geometric and radiometric quality. Therefore,
AND.ANIH PFRIV.ATPZI™ IBIHZPIT YNJ ZY I/NZOH
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dense point cloud recording from imagery
are particularly suitable for cultural heritage
applications, where the requirements regard-
VOX “AKFVIKINO ZY 1/NZONBY KZCV_VRVHBh _FH “RIN
spatial resolution and precision are high. For
high resolution data recording in cultural her-
itage applications, the use of a rig with mul-
HVLRZ A~ PZI™ VI _ZOZI/NR= ™ "VHW NOZ IWNH PFR-
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tiple views enable the dense reconstruction of
the object surface using dense image match-
ing methods, such as semi global matching
(VulkgvqUrryl 2008). Thus, the high similar-
\HB _ZHDZZ0 HWZ VP~XZJB VI ZCLRNWHZ\ HN XZO-
erate one high resolution point cloud with a
low amount of occlusions for each shot. How-
ever, for multiple shots the imagery requires
an automatic registration method. Therefore,
© IIFMFIZ.YINP.PNHINO  19%Y , * JZNOIHIFA-
HINO PZHWN\ D1 \ZEZRNLZ\ VO HWZ ~NOHZCH NY
"0 ZCTPLRZ LINUZM NY \“H™ JZANJNVOX FIVOX
TEZ VONFIHV'R A PZJ™ 1= $WZB ~JZ PNFOHZ\ NO
a compact square shaped rig, which enables
W™O\WZR\ JZANJNVOX NY ANPLRZC N_UZ™1= 2ND-
ever, for large scale data recording the deri-
vation of accurate orientation for the high
number of imagery is a key problem to be
solved.

The aim of this paper is to report a pipeline
for fully automatic derivation of image orien-
tations by using a divide-and-conquer strate-
XB HN ILZZ\ FL HWZ %Y , LINZII YINP XZOZJ"R
imagery networks without initial orientation
E"RFZI= %Y , D1 NJVXVO“RRB \ZEZRNLZ\ HN ZIHV-
mate geometry and camera motion from mul-
tiple images of a scene. It is used for the de-
HZJPVO™HINO NY VOWHV™R E"RFZI YNJ HWZ 10°R “O\
global bundle adjustment step in our pipeline.
» NIK %Y , PZHWNN\I ~JZ IH"JHWOX DWW ~ 1P R
reconstruction, i.e. a pair or triplet of imag-
ZIb “O\ HWZO ZCL™O\VOX HWZ _FO\RZ VOMNZPZ0-
tally by adding new images and 3D points as
in Kp3hyre et al. (2008). Here, each pose es-
timation and point triangulation is followed
by an outlier rejection and a bundle adjust-
ment. Other approaches increase the bundle
hierarchically by merging smaller reconstruc-
tions (X3 1ypdyp3} et al. 2009). Unfortunately,
both approaches require multiple intermediate
bundle adjustment results and rounds of out-
lier removal to minimize error propagation as
the reconstruction grows due to the incremen-
H™R “LLIN™ W= $WVI A0 _Z NPLFH HINO"RRB ZC-
pensive for large datasets. This issue is con-
sidered to be solved partially in X3 1ypdyp3} et
al. (2009) by the introduction of a local bun-
dle adjustment procedure and in Kp3hyre et al.
(2008) by optimizing the system over a graph
to order the images and remove obsolete im-
ages from the dataset. However, we focus on
datasets where one cannot reduce the number

of images dramatically without losing a sub-
stantial part of the model.

A third solution is the so called partition-
ing method, which we follow in this paper, as
presented in Wukop et al. (2002). Here the key
idea is reducing the problem to smaller and
better conditioned sub-problems. The main
advantage of these methods is not only the
equalized error distribution on the entire data-
set but also a speed up of the processing time.
Recently, Sronk{wujd et al. (2010) present-
Z\ " IN_FIH “O\ kZCV Rz %Y , LVLZRVOZ DWZJZ
they used the image triplets as a base to rea-
son about feature track compatibility and im-
" XZ "NOOZ/MVEB= * "VHWVO HWZ YNRRNDVOX 1Z/HUNO
HWZ ZC™PLRZ NY HWZ ~FRHFJ™R WZIW™XZ \"H™ JZ-
NJNVOX LINUZM VO <P IHZIN™P VI _JVZKB VOHIN-
duced. A description of the reconstruction of
orientation and structure is given in section 3.
In section 4 the clustering process of the glob-
al graph is described, where the large dataset
VI ILRH VOHN TP RRZJ "RFIHZJI= " "WHWVO IZ™HVNO
5 the incremental reconstruction being per-
formed for each cluster is discussed. Section
6 contains the stitching process of the multiple
clusters to one cluster. Furthermore, the glob-
al bundle adjustment of the resulting cluster
VI ZCLR™VOZ\= 6CLZJVPZOH R JZIFRHI YNJ HWZ LJZ-
sented dataset are shown in section 7, followed
by the conclusions in section 8.

eUX yPJIXKY]P EKNSXZI

10 , “JAW 9G]] HWZ &ZIZ™J™W 4JINFL n™WNHN-
grammetry and Computer Visioni of the In-
stitute for Photogrammetry (University of
Stuttgart) had an industrial contract to collect
photos for a very dense 3D point cloud gen-
eration of the two Tympana of the Royal Pal-
ace in Amsterdam (Fig. 1). Each tympanum
covers a triangular shape area of about 25 m
in width by 5 m in height containing a relief
DWW ANPLRZC IFJY"AZ XZNPZHVZI 1F™W ™1 117 H-
ues. For this purpose it was planned to use a
multi-camera system incorporating a fully
automated pipeline for image orientation and
dense matching methods. Thus, a method ca-
pable of processing very large image datasets
DWW WUXW “AMEJTAB “ON IFY INVZOHHVPZ D1 JZ-
KFVWZ\ WZJZ= $WZ 1JIH "NPLIZWZOIVEZ JZLNJHI
about the project are presented in Xiujk{v et
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al. (2011) and Oypdyr et al. (2011). The sensor,
as shown in Fig. 1 right, consists of four cam-
eras used for the dense image matching and
NOZ A PZJ™ DWW ™ R™IXZJ 1ZR\ NY EVZD YNJ HWZ
registration of multiple shots. The four cam-
eras for the dense image matching have a reso-
RFHUINO NY (5 ZX"LVCZRI “O\ "JZ ZKFVLLZ\ DWW
lenses with a focal length of 8 mm. They are
arranged in a square with the size of 7.5 cm
by 7.5 cm on a solid aluminum bar to provide
IR _RZ JZRHVEZ NJVZOH™HINO= $WZ IYHW A PZJ°
DWW ™ JZINRFHINO NY 9 , ZX LVCZRIb ZKFVLLZ\
with a lens with 4.7 mm focal length, is in-
stalled between the lower two matching cam-
eras. An aluminum frame is surrounding the
cameras in order to protect them from dam-
age. Several mounts for the connection to tri-
LN\I O\ "JP1YNJ ™ kZCV_RZ FIZ ~JZVOIH RRZ\ °H
HWVT YITPZ= $WZ , VAININYH ZVOZM VI “H™AWZ\
at the top with the pattern projector at the
same height like the cameras to minimize oc-
clusions.

In order to derive a point cloud with a sam-
pling of 1 mm on the object and sub-mm ac-
curacy, the presented sensor was employed for
HWZ \"H™ JZANJNVOX NO ITYYNRNVOX= ® *VHWVO Q=(
days about 2,000 stations were acquired lead-
ing to a total amount of about 10,000 images.
First, to achieve a complete coverage, the im-
ages were acquired in nadir direction in a me-
andering pattern within each of the three lev-
els of scaffolding. Then convergent shots have
been captured to complete surfaces which
were occluded or not covered. Ground control
points measured by tachymetry provided the
transformation to the global coordinate sys-
tem.

) _JKIXOITITNO gXZNOJIKHZITNO
i TMXQTOX_j FXKFTXE

Our 3D reconstruction pipeline intends to au-
tomatically and accurately process unordered
sets of images to determine relative image ori-
entations and a sparse point cloud of tie points
without prior knowledge of the scene. The
pipeline, as shown in Fig.2, mainly consists
of four processing steps: (1) Employ fast im-
“XZ VONZCVOX HN “ENV\ ~NIHRB P HMWVOX NY “RR
possible image pairs, which dominates com-
LFHTHINO™R ~NPLRZC\HB “RNOX DWW HWZ PFR-
tiple bundle adjustment steps. (2) Generate
HZ LNVOKI _B PZ™0l NY YZ HFJZ ZCHJ™"INO O\
matching where the required automatic mea-
IFJZPZOHI ~JZ JZ°RVAZ\ “H P CVPFP “MFJ™"B
and reliability. (3) Building and optimizing a
geometry graph based on the image network,
whereby the dataset can be split into reliable
clusters of neighbouring images that can be
processed independently and in parallel with-
VO HWZ JZNOIHIFMHINO IHZL= ta* , ZIXZ “RR ~RFI-
HZJ1 “O\ HWZO 10RRB “\UFIH HWZ YFRR PN\ZR DVHW
integrating the ground control points. A de-
tailed description of the individual process-
ing steps is given in the following sections. In
general, camera calibration parameters are not
strictly necessary for Euclidean 3D modeling,
IVONZ 1ZRY.ATRV_JHVINO PZHWNNI ZCVIk= 2NDZEZ )b
W™ I _RZ A PZJ™ DWW ™ BCZ\ YNATR RZOXHW VI
used and the values for the interior orienta-
tion are determined a priori by standard cali-
bration methods robustness and accuracy are
usually greatly improved. Furthermore, also
an increase in processing speed is achieved
due to the lower dimensionality of the prob-

V6 ;] u]J1 ICPM]OHP NI IUX gNC]! i J01ZX NIy PIIXKYT Pz (XH| IKNP YTII]0ZXz HMMXK PTYY(X| ETIU
IUX JZWINOYz INEXK PTYYOX| T vFmg ZNINHK TPTVX NI IUX JZXOX JUNEJ 1UX KXITXIl ZNOITTOTOV EUNIX
JITIHXJ AITBX NIl FTIT[OX ZNOIKN) MNTOI ITKVXI T3 s D ) ZP -6z KTVUI| JXOINK YXITVO NFXKFTXES



3=. 1UNINVK] P PXIKX k €XKOXKRHOYHOV K rXNIOINKP]ITNO 39.<;.

lem. Pursuant to that, we prefer to use interior
calibration parameters for high accuracy ap-
plications where these values can be consid-
ered to be stable.

)G; Initial Network Geometry Analysis

This step is designed to accurately and quickly
VONZC FONINZJIZ\ ANRRZAHUINOT NY LWNENI= < con-
nectivity P HIC VI KWZ NFHLFH NY HWVI THZL O\
it reveals singleton images and small subsets
HW™H TWNFR\ _Z ZCMF\Z\ YINP HWZ \"H™ 1Z#= 5V-
nally, it is used to guide the process of pair-
wise matching (section 3.2). Recent develop-
ments regarding this analysis can be distin-
guished into two major categories according
to the type of image representation. Local fea-
ture based approaches use quality measures of
matched local descriptors while global feature
based approaches utilize matching histograms
of full images visual words (}re et al. 2011).
In fact, both categories represent the same ap-
LIN™~W DWHW E™JBVOX \ZXJZZ1 NY "LLINCVP “HINO
to improve speed and/or storage requirements.
A70ZJ)"RRBY HWZ BJIH A HZXNIB LINEWNZI TFLZJIVNJ
recognition performance and the dimensional-
ity is not an issue when only several thousands
of images need to be processed. Consequently,
we utilise a local feature based method in the
pipeline presented in this paper.

5NJ RNATRYZTHFJIZ. " 12\ VO\ZCVOXb DZ YNRRND
an approach adapted to the method presented
in | 1ogp & rogy (2003) and X3 1ypdyp3 et al.
19GGQ*= $WZ 1JIH IHZL VI HWZ ZCHI"AHINO ~O\ \Z-
scription of local invariant features from each
image by using the SURF (]3e et al. 2006)
operator on a downsampled image, e.g. using
VP™XZI DWW 9 , ZXLVCZRI JZINRFHINO= $WZ0 “RR
descriptors are stored in a randomized forest

[ IWAPGY W™ PMVRZ dWdIKQ\Q |

[\Wia™ adPdQ P WPV biOQPRQ

of kd-trees, which represents the search data-
set, to improve the effectiveness of the repre-
sentation in high dimensions. Each descriptor
in the query image is matched to its nearest
neighbours in feature space (we used 10). For
that purpose we used the fast library for ap-
LINCVPHZ 0Z™JZIK OZVXW_NFJI 5-<++ !qit
& rogy 2009) and the kd-tree implementation
in the VLFeat library (Nyz3rzu & Xirsylkop
2008).

Thus, each feature in a query image is ini-
tially matched to 10 features of the search da-
taset. Then we indicate the outliers which have
a feature distance more than a certain thresh-
NR\= **Z FIZ\ KDV Z HWZ IH~ON\"J\ \ZEV'HINO NY
the distances as threshold value. That gives
us a statistical information about the number
of matched features between the query im-
age and the remaining images which we can
IINJZ VO = 97 WVIHNXJ™ P= 5NJ PNJZ zY1™NZO"B
we used a weighted 2D histogram where the
inverse of the distances between each matched
feature pair are used as weights. Furthermore,
we introduce additional quality measures for
possible connections between the query im-
age and the remaining images such as the ap-
LINCVP HZ ~JZ° NY NEZR'L \ZJEZ\ YINP HWZ
ANOEZC WFRR NY HWZ P~HMWZ\ YZ™HFJZ LNVOHI= 5V-
nally, the quality measures and the 2D histo-
grams are normalized and summarized to one
single quality 2D histogram, which is stored
in the index P HNC '5VX=c™* $WZ0 W1 index
P HNVC VI _VO™ VAZ\ BN HWZ connectivity P ~HICh
using three thresholds determined empirical-
ly, to determine initial probable connections
as shown in Fig. 3b. Here any image pair with
S KFTRHB ETRFZ PNJZRZIT HW"O BJIHIZANON
threshold is indicated as connected/discon-
nected pair. The number of connected images
will be compared to the third threshold, which
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refers to the minimum number of images con-
nected to the query image. If this threshold is
ONH Pzth VP~ XZ1 DWW E"RFZI _ZHDZZO HWZ 1JIH
and second threshold will be added in de-
I"ZO\VOX NJ\ZJ FOHVR HWZ ~NO\WHNO VI 1" HVIIZ\=
""ZFIZ\ G=3) G=c “O\ ]G "I HWZ KWJZIWNR\ E™RFZI
respectively.

)6. Pairwise Feature Matching

» HAWOX Z™AW ANOOZMZN\ VP™XZ L™V VI /-
complished using the connectivity P H\C
obtained during the previous section. Corre-
ILNO\VOX 97 LVCZR PZTIFJZPZOHI ~JZ \ZHZ)-
mined between all connected image pairs. Af-
terwards a weighted undirected graph, we call
it geometry graph G, = (V, E) where Vis a set
of vertices and £ is a set of edges, is construct-
ed. Thus, two view relations are encoded such
HW™H Z™~W EZJHZC JZYZI1 BN “O VP~ XZ DWWRZ 2™ "W
weighted edge presents the overlap between
the corresponding image pairs. The weights of
the edges are stored according to the number
of their common points, Wy, and the overlap
area, wy, between view i & j. For the compu-
tation we follow the approach of X3 1ypdyp3} et
al. (2009) where a set of candidate features is
matched using a kd-tree procedure based on
HWZ ~LLINCVP "HZ 0Z™JZIH OZVXW_NFJ “RXNJWHWP=
SWVI IHZL VI YNRNDZ\ _B ™ JZIOZPZOH NY ANJ-
respondences using an outlier rejection proce-
dure based on the noise statistics of correct/
VOANJJIZNM PTHAWZ1= $WZ JZIFRAT ~JZ HWZO IRHZIZ\

by a standard RANSAC based geometric ver-
VIAHINO IHZLD DWVAW IN_FIHRB ANPLFHZI L VJ-
wise relations. Homography and fundamental
or essential, in the calibrated case, matrices
“JZ F1Z\ DWW ~0 ZY 1™VZOH NFHRVZJ JZUZ™HVNO JFRZ

e][6;] EIXHYN ZNYX UNK TUX ZQHJIXKIOV M6
MKN] ZUG
Input: Geometry graph G,
Output: Collection of clusters graph
L. Set new empty graph (cluster) G, = {}
2. Determine most reliable edge £, in G,
3. Add the vertices V, V; of this edge into
G,
4. SetE,=01in G,
ij X
5. 1V, in G, connected at least with two
vertices V, IV in G,
I & wg, 1 P°C (2.6].200 v
&wi i —G,
7o
f <\\/ into G andsetE & E, =0
in G,
6. Add edges in between inlier vertices in
GL
7. Set all these edges =0in G,
8. Repeat steps 5, 6 and 7 until

T WV, =0instep5
£ NJWIVAZNY G, [ LIZ\ZI0Z\ E"RFZ

9. Store G, and repeat all steps until all
edgesin G, =0
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called X84 (V3qnyr et al. 1986) to increase re-
RV"_VRHB “ON\ “AMFEJTAB- SWZ BO™R NFHLFH NY HWVI
step is the geometry PHIC NJ XJ“LW ~ 1 VRRFI-
trated in Fig.3c. For an in-depth discussion
see X31ypdyp} et al. (2009) and Kp3hyre et al.
(2008) and references therein.

s WOHJIXKTOV NW IUX r(N[10 rKImMu

In order to speed up the computation of the
incremental reconstruction, we address a fast
local optimization instead of a global optimi-
ATHINO “LLINAW= ="Z \VEWZ HWZ \"H™ 1ZH VOHN n
overlapping clusters, where each one contains
a manageable size of images. Thus, a parallel-
izable process replaces the process of recon-
struction of the whole scene at once. This is
L™ JHVAFR™JRB VPLNJH™OH IVO~Z YNJ "NPLRZC \"-
tasets the large number of iterations with the
growing number of unknowns can lead to
EZJB WVXW ANPLFH HINO H/PZ1 YNJ "NPLRZC \"-
tasets. The idea is to start from the most re-
liable part and use three images as the basic
ZOHVHB HN ZCHZON Z™ W ~RFIHZJ FOHWR = LIZ\Z10Z\
IVAZ= 10 LJ"M~Zh DZ FI1Z HWZ DNJTKND ~1 LJz-
sented in Tab. 1 to identify reliable clusters
with the highest mutual compatibility. The
idea is to start each cluster G, from image pair
i and j with high overlap in order to ensure a
reliable geometry. As shown in Tab. 1, we se-
lect an initial pair according to the most reli-
"_RZ ZI\XZ _ZVOX WZOH/NZ\ _B WK1 DZVXWHID wp
and w; within the geometry graph as present-
ed in section 3.2. The graph of this cluster is
HWZO ZCHZONZ\ _B HWZ OZVXW_NFJVOX Z\XZ1 DVHW
a weight (common points) greater than the half
of the weight of the initial edge of this cluster
or a certain threshold (we used 200 matching
LNVOHI YNJ HWZ LJZIZOHZ\ \"HIZf= *"Z JZLZH
HWVT LINAZIT FORR ~ LIZ\ZBOZ\ "RFIHZ] IVAZ VI
JZT™Z\ NJ FOHR ON PNJZ VP~XZI WEZ IFYI-
cient overlap with this cluster. For this we ap-
ply thresholds depending on the initial edge
weights. Furthermore, only images overlap-
ping with at least two images inside the clus-
HZJ ~JZ ANOIWZJIZ\= " "WVRZ HWZ "RFIHZJ XJ™LW VI
growing, each used edge is eliminated in the
geometry graph. As soon as the cluster graph
VI FO™RVAZ\D HWZ DWNRZ LINAZNFIZ VI JZLZHZ\ BN
10\ HWZ OZCH "RFIHZJ FOHR “RR VP ~XZJB VI ~NE-
ZJZ\= $WZ NEZR'L _ZHDZZO HWZ KO°R "RFIHZJI

is ensured by considering and removing con-
nections (edges in the graph) only instead of
images. Thus, common cameras between the
clusters remain.

$  WQHIIXK gXZNOJIKHZITNO

Once the clusters are divided as described in
the previous section, we can start the recon-
struction process for each cluster as follows.

$6; Optimization of Cluster Graph

For each cluster we track the keypoints only
over images in this cluster (locally) and store
HWZ JZIFRHI VO ~ EVIV_VRKB P HJVCb DWVAW \Z-
picts the appearance of points in the images.
The results of this step will be the keypoints
which have been correctly tracked in at least
HWJZZ VP~ XZ1= 5NJ PNJZ ZYI"NZOBy DZ “LLRB ~
ONO.P™CVPFP IFLLJZITWNO ERHZJVOX “LLIN™W
(Fig.4) for the tracked points to keep only
the points with the highest connectivity. For
each image we sort the keypoints in descend-
ing order according to their number of projec-
tions in other images. Then, the point with the
greatest number of projections is visited, fol-
ANDZ\ _B ~0 WZOHVEI~HINO ~ON JZUZMHVNO NY ~RR
nearest neighbour points with a distance less
HW™0 ~ AZIH™VO HWIZIWNRND Z=X= 9G LVCZRI= $WI
step is repeated until the end of the points list.
In order to maintain continuity, all points se-
RZMZN VO "0 VP™XZ PFIH _Z "NOINZJIZ\ "1 IR-
HZJZ\ TECZ\* VO HWZ YNRRNDVOX BRHZJVOX NY NHWZJ
images. Filtering is done in order to increase
the accuracy but also to reduce the number of
obsolete observations. Consequently, the geo-
metric distribution of keypoints is improved,
DWW JZ\FAZ1 HWZ ANPLFHHINO™R ANIHI IVXOVI -
cantly without losing geometric stability.
Once correspondences have been tracked
“O\ IRHZJZ\b DZ NLHVPVAZ HWZ "RFIHZJ XJ™LW
such that we construct a weighted undirect-
ed epipolar graph for each cluster G, contain-
ing common tracks. The weight w, of an edge
represents the number of common points be-
tween the corresponding image pair. Then we
build G, the edge dual graph of G, where ev-
ery node in G, corresponds to an edge in G,
Two nodes in G, are connected by an edge if
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and only if they are sharing an image and 3D
points. Thus, each edge represents an image
L™V) DWW IFYI/NVZOH NEZJR™L= +NHZ HW'H ZEZO
if G, is fully connected any spanning tree of
G, may be disconnected. This can happen if
a particular pairwise reconstruction did not
have 3D points in common with another pair.
Thus, we use three images as basic geometric
entity by using only points that were tracked
in at least three images. These points are used
to build the graph in order to guarantee full
connection for any sub-sequential image. The
P CVPFP IL"00VOX HiZZ ! , %$* DWW P~ CV-
PVAZ1 HWZ HNH™R Z\XZ ~NIH NY HWZ 1O™R XJ~LWb VI
then computed. The image relation retrieved
as G" ¢ graph is used for the bundle adjust-
PZOH 5NJ ZC™PLRZb 5VX= @ LIZIZOHI HWZ JZIFRI
of the top cluster of the east tympanum where
the previous process reduced the pairwise
connection from 600 edges (Fig. 3d) to 396 to
orient 150 images.

$6. Camera and Geometry Recovery

Each cluster is processed individually begin-
ning with an initial reconstruction for the two,
most suitable images. After this step, orienta-
tions and tie points in object space are avail-
able for these two images where one image de-
10Z1 HWZ RNAR ANNJ\VOHZ IBIHZP= * "HWVO HWZ
incremental approach images are added to the
ZCVIHVOX _FO\RZ _B HJV"OXFR™HVOX OZD LNVOHIb
rejecting outliers and performing another it-
eration of the bundle adjustment. This incre-
mental process is repeated until all images
within the cluster are processed.

441) F ;=1 BCD:< ,**C2(ID" :C , LEGID™ (I<6

OXZNOJIKHZITNO NIl [UX TOTIT]) MK

The incremental reconstruction step begins
with the reconstruction of orientation and 3D
points for an initial image pair. The choice of
this initial pair is very important for the subse-
quent reconstruction of the scene. The initial
pair reconstruction can only be robustly esti-
mated if the image pair has at the same time
a reasonable large baseline for high geometric
stability and a high number of common fea-
ture points. Furthermore, the matching fea-
ture points should be distributed well in the
VP ™XZ1 VO NJ\ZJ HN JZANOIHIFM = P CYPFP NY
initial 3D structure of the scene and to be able
to determine a strong relative orientation be-
tween the images. Therefore, suitable image
pairs should be selected according to the fol-
lowing conditions: the number of matching
points is acceptable and the fundamental ma-
HIVC PFIH ZCLR™VO HWZ P ~HNWOX LNVOHI Y™J _ZH-
ter than homography models. Here we employ
the geometric robust information criterion
(GRIC) scores to ensure that the criteria are
met as used in X3 1ypdyp3} et al. (2009). After
that, relative orientation values for this initial
L™V "JZ ZIWP“HZ\ _B FIVOX +VIHZPl VPLRZ-
PZOH™HINO NY HWZ IEZ LNVOH “RXNJHWP !pukji
2004). A two-frame bundle adjustment start-
ing from this initialization is performed to im-
prove the reconstruction.

yYYIOV OXE TPJVXJ JOY MNIOIJ

After reconstructing the initial pair addi-
tional images are added incrementally to the
bundle. The most suitable image to be added
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VI 1ZRZMZ\ “~MNINVOX KN HWZ PTCVPFP OFP-
ber of tracks from 3D points already being
JZANOIRIFMZN= * "VHWVO HWVI IHZL ONH NORB HWVI
image is added but also neighbouring images
HWHW™EZ ™ IFYI™NZOK OF P_ZJ NYH™ATI "1 PZ0-
tioned in Kp3hyre et al. (2007). Adding mul-
tiple images at once reduces the number of re-
quired bundle adjustments and thus improves
ZYI™NZOMB- +ZCHo HWZ LNVOHI N_IZJEZ\ _B HWZ
new images are added into the optimization.
A point is added if it is observed by at least
two images, and if the triangulation gives a
well-conditioned estimate of its location. This
procedure follows the approach of Kpyhyre et
al. (2007).

FMIKIX [HOY(X JYSHIIPXO

Once the new points have been added, a bun-
dle adjustment is performed on the entire
model. This procedure of initializing a camera
orientation, triangulating points, and running
bundle adjustment is repeated, until no im-
ages observing a reasonable number of points
remain. For the optimization we employ the
sparse bundle adjustment implementation
n%:<m!roiil}sik & }iwelok 2009). SBA is a
non-linear optimization package that takes ad-
vantage of the special sparse structure of the
0"AN_V0 P HIVC FIZ\ \FJVOX HWZ NLH/PVA™HNO
step in order to provide a computation with re-
duced time and memory requirements.

3 FITIZUTOV NI wiHJIXKJ JOY
HIN[]0 yYSHIIPXOI

After the reconstruction of points and orien-
tations for the overlapping clusters the results
are merged. Since outlier rejection was per-
formed within the previous steps, the available
3D feature points are considered to be reliable
and accurate. Due to the overlap, the clusters
have a certain number of points and image ori-
entations in common which enables the deter-
mination of a seven-parameter transformation
in order to align the clusters into a common
coordinate system. The transformed orienta-
tions and points are introduced into a com-
mon global bundle adjustment of the whole
block. If ground control point measurements

are available they can be used to improve the
bundle stability and to enable georeferencing.

/  UDMXKTPXOIT0 gXJH(IJ

5NJ HWZ \ZJVEHINO NY HWZ LNVOH ~RNF\b HWZ ZC-
HZJUNJ NJVZOH™HUNOT DZJZ \ZJVEZ\ 1JIH FIVOX HWZ
presented method, where each fafiade was au-
tomatically divided into 6 individually pro-
cessed patches. Secondly, an additional dense
image matching step followed using the ob-
HVOZ\ NJVZOH™HINOI= 2NDZEZ)h INONZ HWZ ZC-
posure of all cameras was not synchronized
IFYIVZOHRBY HWZ JZR™HVEZ NJVZOHHNO D1 ONH
IFYINVZOHRB IH™_RZ= $WVI VI L™ JHVAFR™ JRB VPLNJ-
tant since the acquisition distance was short
and the accuracy requirements were high.
Thus, the relative orientation from the cali-
bration was omitted and determined using the
%Y , LINAZITVOIHZ™\= 10 NI\ZJ BN FIZ HWZ JZR-
tive orientation directly, hardware triggering
of the cameras should be used instead of soft-
ware triggering.

Figs.5 and 6 depict the results of the tym-
L OFP "HHWZ DZIK Y~ 0™\Z DWZJZ “LLINCVP “Hz-
RB aGGG VP™XZI ~JZ NIVZOHZ\= $WZ 1JIH IND
shows the reconstructed and stitched 6 clus-
ters where the mean reprojection error before
PZJXVOX ~JZ “INFO\ ] LVCZR O\ W VI JZ\F"Z\
HN G=( LVCZR “YHZJ HWZ 10°R _FO\RZ “\UFIHPZOH
step. The second row left shows the full sparse
cloud of 1.1 million feature points in object
coordinates and right the dense point cloud
derived by a subsequent dense image match-
ing step with about 1.1 billion points. As pre-
sented in section 2, the targets are distributed
over the whole object and are used for geore-
ferencing. These control points are captured
in 12 independent clusters. The white circles
within the targets are detected and measured
“FHNP THARRB FIVOX ~0 ZRRVLIZ IH= $WZIZ VP ™XZ
measurements are considered to have an accu-
JTAB NY *_NFH# G-] LVCZRI=

Up to this point the control points are not
used in the bundle and thus do not impact the
orientations to be evaluated. Consequently,
they can be used to assess the quality of the
relative orientations by evaluating the repro-
jection errors. These results are demonstrated
in Tab. 2 rows 2 and 5, for each cluster of both
tympana respectively. The root-mean-square
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of the reprojection errors for each dataset is  for the image scale of this dataset. This is con-
" _NFH# G=c LVCZRI= <H 3G *P \VIH"0"Z HWI ~NJ-  sidered to meet the requirements for the lat-
JZILNONIHN "0 ZJINJ NY "LLINCVP "HZRB G:9 PP er dense surface reconstruction step, where

e] [6 .| JFXKFIXE NI lUX 3 ZHJIXKI w;%w3 JOY IUXTK MXKINKPJOZX NI IUX X]JI JOY EXJI ICPM]OHP6
6JE& @ ?79D:JE& $C? &, * 1 *(9<:&?" 1% BCID: 8 >?C#&*:JCD @ J(&D:JL&( "*?CID( *CD:?Ci BCID:< B&? C7&?, 65
ZNHOI NI MKNSXZITNOJ TO IUX TRTVX+ g I F "MTDX(& % XKKNK NI ITUX KXMKNSXZITNO+ rw % OHP [XK Nif VKNHOY
ZNOIKN) MNTOIJ+ g B F "P P& % XKKNK NIt ] VKNHOY ZNOIKNQ MNTOI 10 N[SXZI IM] ZX6

Cluster Ids. C1 C2 C3 C4 (65 Co
Images 909 526 440 682 412 460
g | 3D points 517,360 | 386,708 | 300,799 | 420,020 | 276,534 | 258,184
E Time (hrs) 3.48 1.62 0.61 3.08 0.69 0.78 .20
i GC points/Proj. 20/163 12/63 11/52 13/80 5117 9/55 11.67/71.67
% | &, %!LVCH 0.39 0.18 0.26 0.26 0.36 0.21 0.28
= GC points 18 6 11 13 5 9 10.33
&, %!PP* 2.63 2.16 2.18 3.25 297 3.21 2.73
Images 862 478 779 995 956 849
g | 3D points 318,064 | 149,349 | 245,232 | 318,366 | 332,613 | 322,151
E Time (hrs) 3.47 0.71 3.26 4.21 3.27 3.38 AN
g GC points/Proj. 24/176 11/65 12/85 15/97 13/95 15/114 15/105.33
2 &, % !LVC* 0.26 0.26 0.26 0.31 0.26 0.26 0.27
= GC points 20 9 7 14 12 15 12.83
&, % !PP* 2.24 1.59 1.36 2.06 1.13 1.90 1.71

TIVE$] gXZNOJIKHZIXY Z]PXK]Jd JOY MNTOI ZINHYJ NI [UX ICPMJOHP I 1UX EXJI I]+]YX6 €KJI KNE]
VXNPXIKC NI TPTVXKC ETIU ZINIX6HM JKX] 13 JUNEO T0 HMMXK KTVUI ZNKOXKz IXZNOY KNE] IMTKIX MNTOI
ZINHY KXJHIIXY [KNP I8 %Xi1& JOY YXKIFXY [C YX0JX TPTVX P1IZUTOV KIVUIE
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a relative accuracy in image space of better
HW™0 G=( LVCZRI VI JZKFVJZ\ YNJ ™~ JZRV™_RZ VP-
age matching. The control points were mea-
IFJZ\ _B JZKZMINRZIT ™ WBPZHIB: $WZ PZ"0
standard deviation determined by the network
adjustment amounts to 1.4 mm in position
and 1.6 mm in height. However, many points
were occluded and thus could not or only once
_Z PZ IFJZ\- 2NDZEZ) tWZ & , % E"RFZIb 122
HWZ HWVI\ ~O\ HWZ IVCHW INDI VO $°_=9b \ZIVEZ\
from the residuals after the georeferencing
cannot be used for an absolute accuracy as-
sessment. Since a reference measurement with
an accuracy of one magnitude higher would
be required. In contrast, the accuracy of the
tachymetric measurements is in a similar
range. Therefore, these values are only used to
validate the reconstructed orientations in ob-
ject space.

= wNOZHJTNOJ

The presented pipeline for the reconstruc-
tion of orientations and surface information
VI TLZEATRRB \ZIVXOZ\ YNJ HWZ ZY I™VZOH LIN-
cessing of large datasets with high accuracy
requirements. An initial network analysis is
used along with other techniques to realize a
reasonable processing time while adjusting a
stable bundle containing information from a
P CVPFP OFP_ZJ NY VP~XZ1= $WFIb W VI 1LZ-

ANIATRRB TR _RZ YNJ R™IXZ 17RZ LWNHNXJI™P-
metric applications at low costs. In order to
complement the measures of computational
efforts it was our goal from the beginning that
the whole processing pipeline should run on
IFTO\"J\ "8 ZOEVINPZOHI WNJ ZC™PLRZ Vc LIN-
Cessors).
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Summary: yQ I STRKTKIQR QZ *QRLINHKIQR LK™ K[ IR
TNY[=LAYTL LE_LINS AL QV[AKL, ka V. R_aUVQPROaY
PIUV bK QPROaPOR_9*RUWIWUP[UV cXJUR[PAWQ \cQ R_9
a_[N_~ ¢ JR.cP ~_ck UM cPP_VP[UV ~O_ PU P\_ "R__XK
cNc[XebX_ QUAMcR_ {IRNT[N, g_ ~_QaR[b_ ¢ MURY9
KOE QbIPSC abL\" OP {IR\I[) IpFin cV™ p[LX=
T°_ AUR ¢ P\R__9[W_VQ[UVcX ~UaOW_VPcP[UV UM aUV9
Q_RNCP[UV QPcP_ [V QObQORca_UbZ aPQ, j\ TR Q VP_°
NNO™\HIN XL bSLO LHXJbaS\ [OM SO~ hJXOPL ~X[m™HSJ JO
b™ \LL> &N\"¥m™ “YBSS\PZ\L XP LHaLHM[b™\ Oal\™JL
V__ T PUb_c RQQ_", J\[Q aUVPR[bOP[UV ~_QaR[b_Q
P\__WTXUK_~ T\UPU R_aUR™[V] ¢V~ TRUa_QQ[V] TRUY
a_"OR_, 30 c R_QOIPE T\UPUIR_cX[QP[a P_LPOR_~ WU™_)Q
cR__LTURP_~ [V e[ _wvq "RWcPE M\[a\ [Q N[ McbX_
[V R.a VP M_b bRUMQ RQ, yLT R[W_VPQ M R_ T_R9
AURW_™ [V P\_ cbcV™UV_" UR_ W[V_ uj \ORW RUQ_V9
\UM [V £XcOQP\cKd X R X EP\_ YCRQP acN_ ] [ XQ9
\S\K_T [V B1ab_kcV™ ¢V ¢ “R[I[V] Q[P_ UM ¢ TUPCO\
WI[V_, JMUMcP_RM\__XacWh_RQcV™ P\_aUVV_aP[V]
1bP~ NbIJSC EbI\W/mSS\™+ b/AX) O 0%YHNQ ®OL\PYO[n
M_R_ T\UPUJRCT\[actK ~UaOW_VP_~, "z ]_UW_PRK
cV™ P_LPOR_ McQ R_aUVQPROaP_~ beQ_~ UV P\_Q_ [W9
1.0, J\_YCRQPacN_ TRUN[> Q¢ Q_aUV™ P QP UbZ aPt
M\[a\ [Q a\cRcaP_R[J_~ bK ¢ WUR_ [RR_]OXcR ]_UW_9
PRK cV™ NCRK[V] TcQQc]_ ~[W_VQUVQ, J\_ bXcQP \UK_
ROV QP_ [V TUPCQ\ W[V[V] TRUN[*_Q cV UbZ_aP
M\ _R_R "R Va_~cPc"RUW XcQ_R QacVV[V] [Q cNc[Xc9
bX_E _VcbX[V] aUWTCR[QUVQ PU P\_ “cPc ™ _R[N_~ M[P\
P\_ QPROaPOR_9"RUWIWUP[UV bcQ_"~ cTTRUca\, _"[cV
TU[VP “[QPcVa_ b PM__V bUP\ WU~ _¥Q McQ AUOV™ PU
b_ Fww,

Zusammenfassung: z[_ “R_[T[W_VQ[UvcX_ 1_YUV9
QPROYP[UV NUV ObZ_YP_V W[P? X0 ~_Q KPROGPOR_9*RUW9
QUPIUY HJUR[PAWOQ \cP ~ORa\ “[_ "R_[ _R\VIPX[a\_
KU"PMcR_ {IR\T[N N_RW_\RP ]| _ca\POV] J_"OV"_V,
8L\ 5 \NbZ a\L™YINXal \XP\P " "OlUKOE BHH ~N\X9
~[W_VQ[UVCK_V dOQPcV™Q UYOW. VPCP[UV OVP_RPV][9
1_R VU\RCOWQKQP_W_E M_Xa\_R JO JRU»_V j_[X V
0" {IR\T[E IpFin OV™ p[LXT™_ bcQ[ RP, zcQ b_9
Qa\R[_b_V_hUR]_\_V YcVV cOa\ cV Qa\M_R JOJVV]9
Ka\_V kp_XX_V _[V]_Q_PIP M_R™_V, §VP_RPV][]_ ob9
LYP_QPX Vb [ _RIOVE\W_QT_J[M_ v _RcOQURY
S ROV]_V, uW XUX]_V™_V M[R™ QUMUNX [ xUPU9R0"9
PbYQ\ FOIl *MJ bSL bH™Y ~\ll " "ONUKOE BHII (NOB\L9
QLROV] b_Qa\R[_b_V, }Q yV> R]_bV[Q VPP \_V
AUPUR_cA[QP[0a\ P_LPOR[ RP_ QU™ N E [ [V N[V
JWI_V g_bbRUMQ RV T_R e[ _wvq “cR]_Qr_XkP
MRV YoV V, yLT RW.VP_ RUKIP.V [V W
QI TPV yRIb RIM_RY TjNORW BUQ VAUMI [V
{XcOQP\cXad_X_R™ X°E ~_R “ORa\ h_RYCRQPOV] _VP9
PcV™ V.V JLIONGNL [V BabJeV™ QUM [V W
] UNRURP [W scK[9] _R]bcO, dM_[ B¢ QrOb_VOV™ “[_
LN F\HaXPANPAN THPA INKSENKLN  EbLL\M[ § YN\PA\+
15Qa\_ [V T \ORW BUQ_VAUMI MOR™_V [VW_\R RV
\[bYNHPZ\P [0J0ZNbmL™Y bH[Z\POQQ\P HP~ bHL
“LQV z[Q[PcXrPUQ T w_UW_PR[_ OV~ j_LPOR R_9
YUVQPROL_RP, I[P ™ R SCROP\S\K_ QPcV™ [V N_RM[V9
Y P Q OV [V >V BcOW [W_VQ[UV_V QPcRY NCR[[ 9
R_V™_Q J_QPUBZ_YP JOR h_R*a]OV], z_R JU\RURP [W
CYPIN_V scib_R]bcO MOR™_ M_]_V JOR h_Rrajov]
® \_V R rcQ RQacvV ROl * R_VJW QQOV] V cXQ
M_[P_R_Q obz_YP cOQ]_MV\¥P, y[V h RTX_[a\ W[P ~_V
yR]_BV[0Q_V ~_Q KPROGPOR_9*RUWIQUP[UV FVQcPd_Q
“R]cb "aR “[_ TOVYPM_[Q_V FboPVW™_ IM[0a\_V b_[9
TV quUTXX_V_[V_V.g_T[cV NUV F WW,

1 Einleitung

VP RPV][]. obZ YP E M[_ w&\KV OV VU\K
RVOW_ ~ Q 3Pb_RTbcOGE QP XV [W w_]_VQch
JO ab_RVI[]_V ObL YP_V b QUV™ R FVAUR™ 9

©/.~/'y, ka\M_[J_RbcRPQa\_ h_Ric]QbOa\\cV ™ JOV]E kPOPPCRPE w_RWCVK

zow ~.,~/W~7"/F"-Th/ .~/4.~T>

ROV]_V ¢V _[V_ "R[T[W_VQ[UVcK_ yRcQQOV]E
V[a\P VOR “ORa\ ~_V g_]"ck{ ~_R pOPJOV] NUV
wpkk, z_R d0]cV] YcVV P_a\V[Qa\ Qa\M[_R[]
OV~ b__ V]PQ_[VE_b_VQU ~[_ K[POCP[UV NUR ORP,
z[_obZ_YP_Q[V™ P_[XM_[Q_Q \RN_RM[VY_JPEQU

MMM,0a\M_[J_RbcRp,”_
~T/F -~ ~T> (/.
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~cQQQ[_"ar UTP[Qa\_ h_R"c\R_V VOR YORJ_d[ X9
M_[P_V JOXcQQ_V, YIV[I_ I _R_[a\_YoVV_V McQ9
Q RMa\R_V™ Q_[VE rO" Oa\P[]Y_[POV™ j_WT 9
RCPOR YOVV_V QPcRY Qa\McVY_V, z[_ FVbBR[V9
ZHPZ FOP FN\SQbMU\P XLJ ZZ[> "HI'Y =HKbZ\P
~ 0 pcPORI OV™ z_VYWcKQa\OPJ_Q V[a\P W5]9
X[a\, y[V_ KPRUWN_RQURJOV] U™ _R ] _X_Oa\roV]
[QP NUR oRP W_[QP V[a\P NUR\cV™_V, zORa\ "[ Q_
] _QUV™ R\ [PV [P O,c, cOa\ "[_ h RM_V~0V]
ZNOg\il- HP™ \QNmPASCYNM —\LLXPLIMHQ\PI\
_[V]_Qa\RVVYP,

z[_ go]Xa\Y_[P _[V_R Vc\_JO cOPuwWcP[9
Qa\_V T _YUVQPRROYP[UV _[V_R “R_[T[W_VQ[U9
PbS\P (HPUJEOSU\ bSS\XP bHL \XP\l —\PzZ\
NUV Q[a\ ab_RXcTT V™V z[][Pck*UPUQ ~ORa\
&O[JEDIN/(bUNI\ EX\ 5 HPASNM Tkp3hyre P CX,
LAY O =(77* nuyi10j9Zykyurriwpe #
{rite :1__+a0] LX"Y bSL 7MZrPBHPZ BH aXLY\9
RV h_R*\R_VM[_J,|, "_Rh RM_V OV] NUV
Z[QPUW_P RV W[P uVYX[VCP[UVQW_QQOV] OV~
SUWTcQQ JOR vON\X_VYCRP[_ROV] Dwvyyy - 1IT+
U™_R _0QQ0V]_V WIJP YXcQQ[Qa\_R jca\KW_PR[_
aBE> _bL\IL*bPPXPZ ![iM (MrBXLXOPLQ\LLHPY
Z\P+ bP> 8bL —X[1YN\P \XP\Il 8XZXIhSUbQ\llb
WIP JX[PJ]_RVP [QP AcQP ab_RckX Wo]X[a\, zc\_R
MOR™_V yLT R[W_VP_ W[P "[_Q_R hUR]_\_VQ9
M_[0_[V vo\X_VOV™ | _R]bcO9obZ YP_V TRcY?
P[Qa\ \ORa\]_AE\l\RP DV3¥ppya}pp _P ck, /.~.t
V3ppyatpp \J DS 21+

8N\  F\IE\PM\P  &O[JELIN/(bUN\  BHN
*[KKP\/; \IN'YPHPZ - ™\ MINKAXQ\PLXOPS\P
(HPUJEOSUN ENUMP XP FINS\P =PE\PHPZLa\9
R_[a\_V _[V]_Q PJFE O,c, JOR h[QOcX[Q[_ROV] [V
T R FRA\VUIU]L Dzi{sy \J bS z1__+ O/\N BHI
=HLE\WHPZ FOP _H[JaX$"\iP bHJOPOQ KkI\9
1_V"_R kKQP_W_Hi }hQ DSropogksu # Pyujdyr
/.~"', zcRab R \[VcOQ L[QP[R V J,], [V "R
TUbUPLY KUMPMCR_9roQov]_V JOR _a\PJ_[PAV9
\[1_V iW]_bOV]QR_YUVQPROYP[UVE M_Xa\_P_[X9
M_[Q_ M_[P.R_ K VQURV WP _[Vb_J[\_VDypd
wyrviiz \JbS o1 2NN M XLJ bSS\IMPZL \XP
X_[QPOV]QQPCRY_R WUDB[X_R §_a\V_RVUPM_V~[],

u TLQW J_[PRe] M_RT_V JOVva\QP "[_ [V
TV yLT R[W_VP_V N_RM_V™_P_ FOQRaQrOV]
HPA Il (MOB\LLX\WHPZLbaShH[ a\L"YN\a\P>
8N\ \XPZ\L\JBJ\P  *N\P/&OHNI"\/(I0ZIIbQQ\
HPA ~AplibP - FONZ\POQQ\P\ —0"XmUbJXOP\P
M_R™_V YORJ b_Qa\R[_b_VE b VQU []_V_ yR9
JVVJIOV]_V, 3}V vcV™ NUV W_\R R V TRcYP[9

Qa\_V | _[QT[X.V RVOWX[a\ cOQ]_~ \VP_R OV9

P_RAV][I_R VUNIRCOWQKQ® W_ MR~ ~[_ TReYP[9
Qa\_ zORa\"a\RbCRY [P~ WUVCPR[ RP,

2 Vorgehensweise
2.1 cXKEXOYXIX yHJIKGJIIHOV

ZzORa\ “[_ [V ~_R y[VX_[POV] cV]_QTRUa\ V_V
| _QUV™_R\_[P_V WOQQ ~cQ W[P]_"a\RP_ uVQPRO9
W_VPCRIOW W TX[a\QP RUBOQP OV YX_[V Q_[V, yQ
LOSSIN INSbJXF HPNQNmMPASK™Y Z\Z\Pia\ll _H[J9
A 0a\P[]Y_[PQ9 OV~ J_WT_RcPORQa\McVYOV]_V
Q_[V OV~ Q[a\ 1]%, cOa\ McQQ_R™[a\P N_RTcaY_V
XcQQ_V, z[_ W[V[Wck_ FOQRaQPOV] b_QP \P N_R9
e\R_VQb_"[V]PcOQ _[V_R z[][PckYCW _RcE _[V_R
T_[IV_P_V r[a\PSO_X_ OV™ _[V_W W[P]_*a\Ry
PV I_"R VJIUDZ YPJOR | _QP[WWOV] ~_Q gc»9
QPehQ,

30O z[1[PckYcW Rc [QP _RAC\ROV]Q]_WV»
WP\ loaHLIN &NINZ\SINK\DUbQNIIb ZHI Z\\XZ9
V_P, t_Vca\ obZ YP [QP JOQUPJK[a\ ~[_ h_RM_V9
~0V] _[V_R RUbOQP_V 0O0P UURISUWTCYPYCW 9
Rc Q[VVNUXK, 3XQ ] _X_Oa\rOV] _RM[_Q Q[a\ QPcPp
" RN RM_VTOV] _[V_Q IX[PJ]_RVPQ b_[ QPcRY_R
ro® 0a\P[]Y_[P U™ R kPcOb_VPM[aYXOV] ci9
P_RVCP[N “[_ pOPJOV] NUV bcPP R[] _PR[ b V_ V
1.78/+&  YNIPENN[\NMP bSL LXPPFOSS 7XP\ O0Q9
b[VCP[UV NUV xUPUQ R[_V N_RQa\[_~_V R scW 9
RcQ [QP Z_ Vea\ |_Qa\c™ V\_[P ~ R _[VIXV_V
cO"]_VUWW_V_V obZ_YPchQa\V[PP_ ~_VYbcR,

UV >V “ORa\]_*a\RP_V yLT R[W_VP_V MOR9
S AUKT_VT_ FOQRAQPOV] _[V]_Q_PJP5
I MZAbS\ &NNZ\SINK\DUbQ\Ib !, XUOP 8) I+

WP = o JcT[L X J[X"Q_VQURE
I X[a\PQPcRY_Q  pURWCXUbZ_YP[N  Dp[YYUR

e) QQ g 50 >T+ BHLrIBSX"Y\N baP\YQabl\i

" "\WEXPU\S/HONLbIB ID )+
I ;SUBZ\Nr) 1&XZQb 75/) 11 84 &%+
I cYYOb PRLb V. h[ _Ur0a\r E

ka\_[VM_R* R
I, XF\SS\IShIIN 1c Qd USbNNabltd 4SAM\IQbg9

QPcht
I _bL\WMNLIbPBQ\LLZ\Nr) I .\"b 8T+

ryz9

2.2 yHIOJUPX FNK jKI

z[ FOMVe\W_ ~_RxUPUQ _RAUXTP NUV N_RQa\[ 9
TV VAR []_MV\¥P_V kPcV TOVYP_ V[V~ R L9
1 X"R_\W™[], zcb_[[QP JO b_ca\P_VE “cQQZ_9
T RJ_[XT_Q obz YPQ cOr W_\R_R_V xUPUQ NUV
OVP_RQa\[_"X[a\_V scW_RcTUQ[P[UV_V c0Q ch9
1.b[X"_P [Qr, ] _Vca\bcRP_ xUPUQ QUXXP_V ab_R9
XeTT_V™_ 1 _W_[VQcW_ ] _R_[a\_ _VP\c¥_V, zc
MaR _[V_ _RAUXR [a\_ B_YUVQPROYP[UV ~_R oh9



Wilhelm Hannemann et al., Zustandsdokumentation untertagiger Hohlraumsysteme

693

1 YP]_UW_PR[_ M_V[]_R cO™ AQP\_P[Y ~_R 30"
Ve\W_V ¢lQ cO* _[V_]0P_Fb™_aYoVv] ~_Q oh9
2.YPQ J_ca\P_P M_R™_V WOQQE Y6VV_V ~ORa\cOQ
W_\R_R_\OV™_RP J["_R[VV_R\ckb _[V_R kPOVY
T cO_VUWW_ VM RV,

2.3 TKNBXJJITXKHOVJI] [IJH!

8\ (MOB\LLI\MHPZ \N[OSZJ XP E\X\P %\IS\P bH9

PUWcP[Qa\ WP M_V[]_V VUPM_V~[]_V WcV0 )9

CV y[VIRM™ .V, yIVI. "R [W xU]_V™_V c0"

TX[QP_P_V J_[XQa\R[PP_Q[V™ UTP[UVCIS

~, IONJYOPbS+ 7PJB\MNHPZ ~\l 50J0L Pb™Y \I9
NUX]P_R sScW_RcIsc[bR[_ROV]E

/, 3 \IN"YPHPZ QbNUbPINI (HPUJ\ES\bJHV\L

", —bI"YXPZ ™I QbNUbPI\P (HPUJ\G5\bJHH\LG

7, 1_YUVQPROYP[UV ~_R scW_RcTUQ[P[UV_V OV~
9TCcRCW_P R D]]%, W[P WcVO XX R hUR]cb_
FOP &JblaXs™\MP+d

., 3NINTYPHPZ A\ AXTYINP €8/ (HPUJEOSUNP
D]1%, WcVO_Xx_ FO*_[XOV] [V obZ YPch9
L YPXI\H

-, IONJXOPbSt+ 4SrJJHPZ "\l (HPUJPONQbS\Pd

1, | R.a\VOvV] _[V_.R zR [ aYQN_RWcQa\OV]
1ZZ[> #OMZba\ ~\i 5 \I\"YPHPZLIN\[\+d

F, 1ONJXOPbS+ QbPH\SS\L FHL™YP\XM\P A\ 8I\X9
_aYQN_RWcQa\oV]E

> 1_"0J[_ROV] ~_R zR_[ aYQcVJIc\X

~., J_LPORCPXcQIyRQP_XXOV]E

~~, (NOINUJXOP "\l 50J0L bH[ "\ 8NN\ ULF\IB
WcQa\oV]E

~/, 10NJXOPbS+ %ibPL[ONQbIXOP Q\YININI —09
S N[V _[VI_W_[VQcW_Q sUUR™[VeP_VQKQ9
P WE

~"", IONJXOPbS+ —bqLIbaLUOMV\UJIHN

~7, 10NJXOPbS+ OOPF\IXNWHPZ ~\L J\DJHUX\UINP
A\LbQIQOMSSL P ""\a4 . aBE> (85

8\l =aSbH[ XLJ [}l \XP\ bHIOQbILX\IN (li09
J_Q0[_ROV] QUM_[P W&T[a\ ~ORa\ K\ 1OKaR[TP_
OW]_QPJP, XUV MRV [ _[VIIV_V 3R
aVAILL YN HPA AN\ FAVENPAINP (1I0ZIibQQ\
> PC[I[_RP_R _RXVOP_RPS

Schritt 1: y[V_ scX[bR[_ROV] ~_Q N_.RM_V"_9
PV scW_RcQKQP_WQ X[ RP b_QQ_R_ KPCRPM_R9
P_"aR " | _QP[WWOV] ~_R sSCW _RcTCRcW P R
OV~ YcVV “cW[P ka\R[PP 7 QUMUNX b_Qa\X_OV[9
1.V cXQ cOa\ ~[_ yR]_bV[QQ_ N_Rb_QQ RV, dOR
sci[bR[_ROV] M[R™ [ T{cW_Rc {cX[bReP[UV
JUUbUL "R gqFar}luDfoiwiyi z1_I+ F\IB
M_V™_ P, z[_ cVQa\X[_»_V~ “ORa\]_"a\RP_ yVP9

B\MMHPZ ~\li 50J0L \I[0SZ) QX M\Q (lI0ZiIbQQ
{IRNT[nhpFi cOQ {IRNT[ND Jipzryn - 1_:+.

Schritt 2: z[_ ]| R a\VOV] ~_R WcRYcVP_V
(HPUJI\ HP™ XYNM\N S\LUNXNJOW\P \M[OSZJ QXJ9
P XQ ~_Q kuxj9FXJURIPAWOQ Drogy : 1 1ct F\I9
M_V™ PM[R™ “[_ uWTX_W_VPcP[UV cOQ T_LIZKZ™ LK
Drupkuxg -1 _-®

Schritt 3: 8bL —bI'YIPZ A\ (HPUN bHL
Ka\RPP " M[R> WP _[V.W ] TcPa\ V r[E=
P kAXWITT c0Q {IR\T[N ~ORa\]_a\RP, z[_ [W
(I0ZIbQQ YIPBHZ\[iZI\ =PZba\ VIP\II %\IS9
W_V]_ ¢V JO WePa\_ V>V xUPUQ RW5]X[a\P
[ 3O% [I0V] "R ]_R.a\Vov] cO* W \R R_
90QNHIb 7XP p[ONUNPo ~\L ONC—bJ"Y/(li09
BALL\L \NSbHa) BHLrIBSK'Y \XP\ (blbSS\SKLIN9
ROV] O OW[aUR 9qjcQa\[V_V U\V_ ab Ro
WV»[] JOQWPJK[a\_V vcOTPQT [a\_R JO VORIV,
7NZrPB\PA ErIN\ bHY AN , HIBHPZ FOP 4($L
JOR | _Qa\X_OV[JOV] ~_R [_R_a\VoV] Wo]i[a\
STLED

Schritt 4: z[_ 1_YUVQPROYP[UV > R'SCW _RcTUY
QP[UV_V OV~ 9TCRCW P R _RAUXTP WP {IRNT[N,
G_IM_[0_[0P_[V_ WeVO_ K hURTch_ ™ R KPCRPY
bIX"_R"aR “[_ [P_RcP[N_ 1_YUVQPROYP[UV VGP[JE
OW [V ]OP_QyR]_bV[QJO R\CP_V, &b R [ Q_
hURJcb_ Y&VV_V cOa\ _[VJ XV_ Fb0a\V[P_~ Q
*a\UI\L NbUbSS\S a\IN"YP\J ENIAPK YiNlia\x
[P [V_ QTVP_R_ &b _RPA\ROV] [V [V T_W_[VO
QcW_Q SUUR[VeP_VQKQP_ W JO b_ca\P_V, y[V_
M_[P_R_ q&]i[a\Y_[P JOR ]_Qa\K_OV[JOV] ~_R
| Ra\Vvov] [0 “[ h RM_V 0V] _[V_R 30Q9
0a\IoQQI[QP £ OW ciQ dM[Qa\_VOa\R[PP b R_[Q
NUGGPVV[] R_YUVQPRO[ R | R_[a\_ cOQ ~ R
M PRV ]_Ra\Vov] \_RcOQJOV \W_V OV°
ScWP [ [VP_RV_ JaV”_kcOQ]¥_[a\Ov] JO b_9
0a\X_OV[]_V, XcXQ “[_ XUPUQ NUR ™ R | _R_a\9
VOV] _VPJ_RRP MOR™ _VE YcVV JOVVa\QP cO* [
| R a\Vov] ~_R h_RJ_[a\VOV] N_RJ[a\P_P M_R9
TV, pea\ | _V[IOV] "_R |_R_a\Vov] QUi
PO ~_W dM[Qa\_V_R]_bV[Q V_O cO"]_Q PJP
M_R™_VE “[_QWcK W[P {IR\T[NS[VP_RV R ka\VPy
JOV] " _Rh RI_[a\VOV],

Schritt 5: z[_ ] _R_a\VOV] ~R[V ~_VM_[P9
INP & YMIINP FANENPANINP ACYINP (HPUJEOSY
Y_V _RAUP WPP_XQ IpFin DXilis}gy # Nopd
L&y 113> Ipfin Dnghk/ - 1_:+ \IQjZS("Y!
S 3VIcb_ [V_Q TX_N_YQUE OW “[_ xUPUQ NUR
A\ ;\INTYPHPZ XP XYW =HKjLHPZ BH F\IR
USNKPAIPS 7L ENIMP ~ba\l I\ Pb™Y =HKjLHPZ
P_[XM_[Q_ OVP_RQa\[_“X[a\_E Q[a\ _RJvVJ_V™_
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I _R[a\_cb]_~_aYP, zc\_R \cP Q[a\ cXQ Q[VV9
FOSS Y\MbHLZ\LI\SSJd X\ (HPUJEOQSUNP [l F\I9
L YAMP\ =HkjLHPZ\P BH a\l\"YP\P HP~ bP9
Qa\X[»_ V™ [V _[V.W ]_W_[VQcW_V zcP_VQcPJ
JOQCWW_VJ0"cQQ_V,

Schritt 6: 8bL HQ[bPZINCY\  (I0ZIbQQ
PILXT™_DQykvry| 2 1_z+ \NQJZSIYI Hob> \XP\
48r)JHPZ ™\l (HPUJPONQDS\P bPYbP~ a\Pb"Y9
abll)\i (HPUJIV 8I\L F\Na\LL\IJ ZZ[> ~bL 7lZ\a9
V[Q ~_Q Vca\U]_V™_V ka\R[PP_Qt “c IpFin
"L pURWCX_V cV\cV™ " R scW_RcTUQ[P[UV_V
chQa\VpJp,

Schritt 7: z[_ |_R_a\VOV] _[V_R zR [ aYQ9
F\NQbL™YHPZ bHL "\l (HPUJEOSU\ \[0SZJ QX9
P_XQ NQILLQR 1 INZ"~[ J[*QRLKNIKIQR Dnoukkop
21 2N\a\X Zal M\ QN , OQbS\P F\IL\9
Y\P\ e8/(HPUJEOSU\ ~\ - JLHPZ \XP\Il (OXL9
QUVOWK_[a\OV] NUR, z[_ zR [ aYQN_RWcQa\0oV]
CVPAVIP V[a\P VUPM_ V™[] _RM_[0_ [ y[V]cV]1Q9
TOVYP_E QUV™_RV WV\_RP Q[a\ [\V_V VOR cV
DS3dvzyp \J b - 11A» 8bL 7HZ\aPiL XLJ \iP
TMcQQ R [a\P_Qu g_Q\ U\V_ raayY_V,

Schritt 8: z[_ zR [ aYQN_RWcQa\OV] YcVV [V
q_0\¥ch JO]_Qa\V[PP_V M_R™_V, wRU»_ zR_[9
_aY_Quue_V 1", _VPh RVPM_R™_VE “c [V ka\R[PP
3bHTY s \INCYN OYP\ (HPUIN Z\[158) E\WM\Pg
OW _[V TMcQQ_R™[a\P_Qu g_Q\ JO _R\ckP_V,

Schritt 9: z[ }VJc\X R zR [ aY_ M[R™ JOR
I_"0J[ROV] "R zcP VW V]_ OV™ ] _Qa\x_09
VIOV _[V_RQTVP_R_V ZcRQP_KOV] [V p[LXT"_
WP > W X[P_R TmOc™R[a _~]_ aUNcTQ & N_R
RIVI_RP,

Schritt 10: z[_ ]| _R_.a\VOV] ~_Q j_LPORcPicQ
RAUKTP W[PPXQ 3 ]X88 Dkvysoxyt \J b z11)#

zcQ QP J, ], WP ~_R KU'PMcR_ wWRcT\[P_ D} ru9
97 1 1_:+ QJZX°Y>

Schritt 11: z[_ xUPUQ M_R™_V OVP_R h RM_V9
AHPZ "I XP & YNNI ¢ INUOPLIIHINIIP (blibQ\9
P RO “cQ g_Q\ bIM, [V _V j_LPORcPIcQ TRUZ[9
BINII INZ\P\ 1QNS\Q\PJBJOPS 7L EXNA IN 9\DY
JHI/QIDNS P baLJbPALZAEX YININI —KINSEIJ
IR Bw]9xcRbM RP_ ™ R TRUZJ[RP_V xUPUQ
b R a\V PE “c W_[QP W \R_R_ xUPUQ *aR _[V_V
T\INCY AL *ai\UIL FOIYDPAP LIPA 1=aa>
z[_j_LPOR[_ROV] YCVV cO* [V_ WeVO_iX_ hURg
cOQMc\X JOP T [1V_P R xUPUQ b_JR_V.JP M_R9
>V, y[V_ h Rb_Q ROV] ~_0 h Rc\R_VQ JOR
§_LPOR[_ROV] [P JORJ_[P [V }Rb_[Pt “c “ORa\
L qIP_M_RPO[COV] [V P X VM_[Q_ OV9
Qa\cR"_ j_LPOR VPGP \?,

Schritt 12: xclQ ~cQ obZ YP cOQ W_\R RV
G_DWUS 0V JOQeWW V] _Q PIP [OFE WaQQ v
Lo [V _[V I_W_[VQcW_Q SUUR™ [VeP_VQKQP_ W
ab RAANRP MRV, V[ RIO MRV [ J_[19
WU XX_ab R [ [V Ka\R[P?/ b_R a\V P V WcR
UBPINP_ (HPUI\ A\l —0™\SS\ [HLIOPINIIE {PA\Q
WP X0 j Joi |z WbPAOQ LbQNS\ “OPL\PLHL+
AN (bIbQ\NI P\ e8/2\SQ\IIAIbPLONQDY
PIUV b_R_a\V P M_R>_V, }P_RVCP[N [P cOa\ ~[
QDbPH\S\ =HLEDYS FOP (bLLNHPUI\P QjZ5("Yd
OW “cRe0Q cVQa\k[ » V™ “[_ JRCVQURWCP[UVQY
TcRCW_P_R JO b_QP[WW_V,

Schritt 13: dOR gjc»QPcbQYURR_YPOR WOQQ [V
[V R 1_CXPVP b_YCVVP_Q rvWW]_VWe» [W qU9
* Xcb] _JR[™ VOV™ “cQ qU™ M _VPQTR a\ V'
QOYCKL R MRV, zcQ IR [V YcW “[R_YP
XP Il e8/(HPUIEOSUN \[OSZ\P> $Q Z\PbH\9
R_ yR]_bV[0Q_ JO b_YUWW VE MOR™_ [ ]9
IN"YPHPZ FOP (HPUJUOOIMPBINP bHL QbPHY

Abb. 1: Texturprojektion.
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\SS ¥A\PIXmBINIINP. (HPUINP XP ~\P *IXZXPbS[09
PUQ [WTH_W_VP[RP, WV W_\R R_V xUPUQ M_R"_V
FVACV]Q9 OV yV TOVYP ~ R _00a\P_V rw]_
WCRY[ RP OV~ cVQa\I[ » V™ ab R “[ b_YcV\Ve
AP (NONUJNOPLQDINB\P A\l 50J0L QUISL
YO0]X_[a\OV]QR_a\VOV] “[_ "zIsUUR"[VcP_V
> RrVV]_VR " R_VJEOV® “CcRcOQ M[_~ ROW [
rW1_ > R].00a\P_V KR aY_[V qU_M_[V\_[9
PV _RW[PP P, @b R~V QU ]_MUVV_V V qc»9
QPchQ'cYPUR YeWW “cQ qU™ ik “cVV W_PR[Qa\
OYCXRP MRV,

Schritt 14: }XQ zcRQP_XXOV]Q"URWcP b[_P_V Q[a\
M_]. V> RM [P.VhRbR [POV]] [V P RK[Y
M_R QUMUNX e[_wvq bSL bH™Y (85/8bI\\P QN
_[VI_b PPP W "ZuV\ck cV, €b R _[V_V yL9
TURP cOQ P[LXT"_ YcVV g h[d9{U~_ 0V™ cOQ
ALNQ "bPP  (85/8bINN\P \IIB\HZJ E\IM\P>
dOR zcRQP_XOV] [V g_bwr®V\[]_V JRUMI
Q_RVE J, |, pQDITT™ WIN[ZQF U™_R wQQYT[ zXNQ=
S[EM[R™ cO " J[bXUPN_Y KXNLL.VL Dviyytk
/~/+ BHITTUZ\ZI\P> 81\ —0™MS\ QiLL\P
AR T h_RM_V™OV] WIP KXNLLVL _[vwel[] [V
\XP (UrL\PJbJXOPL[ONQbI UOPF\IX\I ENIM\P>
| _M_J0V] OV™ [JX[aYM[VY_IN_RVV™_ROV] [W
—0\SS \U[OSZ\P QXIINSL —bHL !5 SKTUNX™ YIHPZ+
HP~ 9bLIbJHN !5 \E\ZHPZ+ 7XPB\SP\ (OLXJX09
V_V OV [aYM[VY_X YoVV_V ab_R jcQP_VYaR9
J X cV]_QP O RPMR_V, Z[ ]_X0a\ov] "R
kJ_V_YcVV "KVcW[Qa\ cV]_TcQeP M_R™_V,

3 Experimente in untertmgigen
Objekten

3.1 g]YJIH[XO YXK rkH[X seUHKP
gNJIXOUNI

F0Q [V RVOWX[a\ cOQ]_~_\VP_Q }Pb R]bc09
UbZ YP MOR™_V [ OVP_RPV][]_V BUQ V\& R
1c QP0b V™ R \_WcX[]_VwROb_ Tj\ORW U9
Q_ VUM [V {cOQP\CXId_KX_RA X~ T_MV\IP, V[ R
MOR™_ Q[P g[P_ ~_Q ~-, tc\R\OV"_RPQ b[Q [V
cQ /., t\R\OV™_RP \[V_[V Q[Xb_RR_[a\_Q yRJ
ch]_bcOP, y[V [V 2R B¢ QPOb_ [VQPCIX[_RP_Q
gc0Q RRe™ “[LVP_ T R yV R][1_M[VVOV] &R
~_V wROb_Vb_PR[ b, zcQ 9cQQ R MOR™_ ab R
YOIXBOPIOS\ 4rPZ\ all BHI %bZ\LOa\lkr Y\
1.7a\RP, z[_ cW M_QPX[a\_V ORPQRcV™ ] X9
1.V TIOV>_ Bc™QPOb 0 [QP Q [P [V[1_V tc\9
R_V PUOR[QP[Qa\ _RQa\XUQQ V OV~ &b R [V V. O
_[V]_bcOP_Q JR_TT V\cOQ b_] \beR, K[  \cP
[V.V zORa\W _QQ R NUV PMc ~. W b [ [V.R

QbDXQbS\P %[\ FOP :c Q !=aa> :» #OP ~N\J
QR Bc QPOb_ cOQ [P &b R “[ \_Wci[]_ }b9
[SSIL™ YN YEBLLN[ i YINPANI 4DPZ+ A\ AIB\K
V[a\P PUOR[QP[Qa\ JOTVV]X[a\_ ToNcK_ Ic Qo9
b U _RR_[a\bcR, K[_[QP ROV™ ~/E:. W \Ua\ OV
X[ P ac, ~. WOVP_R~_R\_OP[]_Vw_IVW>_Ub_R9
KryYv

3.1.1 Aufnahme vor Ort

W N[R ZM_[1Q ac, IM_[QPaV []_V | _"c\ROVY
1.V MOR™_V " [ Ec QPOb_VOV™ ~[_ Q[ N_Rb[V9
SV 16Qa\_ WP [VQ]_QcWP ROV™ /- . xUPUQ
cO]_VUWW_V, z[ TIOV™_ ¢ QPOb_i YUVVP_
NUV = R [V]_bcOPV JR_TT_ cOQ \[VR [a\_V"
ZHJ bH[Z\POQQ\P ENIM\PK A\ —\LLHPZ \IP\I
" R_VIQRR aY_ "aR “[ QTVP_R_ qc»QPehQb 9
QPIWWOV] McR TRUDY_WIUQ Wo]i[a\, §W yRY
AC\ROVIQM_RP_ AR obZ_YP_ JO QcWW_IVE b [
S V.VCLQ_[VAca\_ qo]X[a\Y_PP V[a\ 119
b_V [P MOR™_ _[V_ K_[/QPR_aY_ b[Q JOR KU\I_
I\Q ;0™MP+ A\ bALIHa\ bH[Z\abH] 1=aa> =
Z[ N_RP[YCK_V QW™ > RNUW K_[X c0Q c0"9
T_VUWW_V_V xUPUQ MOR™_V VV\_ROV]QM_[Q_
A QP]_\cIP_VE OW QTVP_R ~_V qrc»QPeh chQa\Vpe
J VIO YSVV_V,

Z[ NUV S RTHOV™_V Ic QPOb_ 0 M_Ja\e
RV FbAciRoQa\_ [P b[QJO [V W P RO
A WP geQQ R TN, §W VAW WP "R
ENNZ\SINK\DUDQVIb blia\XI\P BH UjPP\Pd EHI
> L FOPUAUYOQIXOVYPIUV N_RM_ V™ P, v W9
XCWT_V R_[a\_V ciQ ] X 0a\POV] "aR ~_V 309
PUAUYOQ cOQ,

b > W SR 0JOV]QTOVYP JOR oNck V ¢
QPOb_"UXJP _[V_ SR[_a\QPR_aY_b[Q [V ~[ oNcl_
Ic(POb_, 30a\ \[ R McR _Q NUV huURP_[if [
ScW Re _[VAW ] b_“[LV_V JO Y8V V, z R
O_[PM[VY_INURQcPd [ VP_ [V “[QR KPR aY_
JOQVPJN[a\ ciQ ka\OPJ "aR ~cQ scW_RcUbZ YP[N,

W R ONcKV Bc QPOb_ YUVVP_ NUV R
KU\ c0Q [V \[VR_[a\_V"_ FVJc\ xUPUQ R9
PXPMER Y,

3.1.2 Prozessierung und Ergebnisse

8\ (MOB\LLXN\VHPZ "\l 8hJ\P \N[0SZ)\ EX\ XP
Fboa\V[PP /" b Qa\R[_b_V, d_[PcO"M_V'[]
McR_V QUMUNX ~cQ gcPa\[V] cXQ cOa\ ~[_ ]9
R_a\VOV] W[P {IR\T[N, zcQ gcPa\[V] MOR™_
[VV_R\ckb [V[]_R jc]_cO* [V.W q_\RTRUJ_(9
QURQKQP_W b_R_a\V_P, obMU\X “[_ JaV~_Xc0Q9
X Ja\OV] TcReXX X [V “R_[ OVP_RQa\[ _“X[a\_V
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Fh0a\V[P? VR a\V PMOR™ E cO R [ |9 NHc QPOb V RMWIP. [V _[V.W w_U[VAURWCP[9

R_a\VOV] W \R R_jicl_, zcb [ VAPV V™[ UVQQKQP_W, Fbb, " J [1P [V_ T _RQT_YP[N[0a\_

QU R ICTQPOb_V ZM_[10 WP cVIRVE  }VO[a\P “[Q 0 qU KO,

J VW 3ba\V[?® ~ R Es0a\_ OV™ [V YUW9  dOR zcRQP XOV] ~_R yR]_bV[QQ_ YcW Q

TP Q QU™ N R B&0a\ 1. Vea\ d[JQ_PIOV] Q[VVNUKI Q_[VE “[_ j_LPOR
z[_ h[QOCK[Q[ ROV] ~_Q w_QCWPWU™ KiQ "aR [V U™ R c0QJObX_V™_V, uV }bb, 7 [P X[VYQ [

>V cON_VUWW_ V.V | RJa\ "R IUQ VN6 R w_UW PR[_cXQQa\cPP[ RP_Q zR [ aYQV PJJOQ 9

Abb. 2: Runde Radstube mit Seilstrecke.
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\_VER_a\PQ “cV_b_V “cQP_LPOR[_RP_ qU™ XX, uv
" _RQa\cPP[_RP_V FVQ[a\P Q[V™ “[_ OVP_RQa\[_"9
X[a\_V ] cOcbQa\V[PP_ > RTEOV™_V Ic QPOb_U
cV\cV™ T R WRé»_ T R NRM_V™ PV qcO_R9
LINXP\ ZHJ BH \MUNPP\PK bH™Y X\ =HKbZ\Il A\
A\ WeXQ _[V]_IUTV_V JeXY_V Q[V™ Q[a\PhcR,
uV > R _VPQTR a\_V~_VP_LPOR[_RP_V }VQ[a\P [QP

A\l *a\Ikr Y\APBHLIbPA —00La\EH YL HLE)
_RY_VVbcR,

W Fbb, z [P [ B6Qa\_ [V _[V_R T_RQT_YP[9
N[Qa\_V 3VQ[a\? JO Q \ V, uV " R SR[ a\QR 9
aY_ Q[V> IM_[ YX[V_ 3}bIM [1_JO RY WV,
Z[Q_QIV> M_V[]_ g_P_R¥cV] OV™ VOR bvoa\9
XIVIQ XLV JO]WIH[a\,

Abb. 3: Perspektivische Ansicht Radstuben und Résche.

Abb. 5: Perspektivische Ansicht der Résche (groB3); Lageskizze und Aufsicht 3D-Modell (links

oben).
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3.2 XIXWUAUX [XT gi[X]0Y

30 M_PRQ j OPUbZYP MOR™_ ~ R NUR™_R_
J0CT R O\ WeX]LV ka\cONG\ TILQ\S\K U
b [ Bab_XcV™ [W vcRJ cOQ]_MV\IP, z[ wvo\X_
b[_P_P b_"[V]P “ORa\ ~_V VcPari[a\_V yVPQP 9
\OV]QTRUJ Q0 ~_R h RYCRQPOV] _[V_ OVR_].X9
WV»[]_ OV™ QUW[P TcVQTROa\QNUX 0 w_UW_9
PRL, Fbb,- J_[IP _[V_V VOR bvOa\i[V]Q YR[ 9
a\_V> JOJVW]Xa\_V | R [a\f ~_VQU]_VeVwP_V
xX_~_Rwc0Q]cV],

z_R[VQ]_QcWpac, 7. WicV]_ d0]cV] YUVVY
P JOQCWW _V WP ~ R QU]_VCVVP_V j_[X0V]Q9
\ckC [V IM[ ZM_[XQ ac, “R_[QPaV [V |_9
Ac\ROV]_V cO"]_VUWW_V MRV, z R d09

JeV] b QP \P cOQ ~_W y[V]cV]Qb_R [a\E ~_W
ka\kcV]_V]cV] OV™ ~_W “eNUV cbIM_[]_V"_V
TcReX XV xX_~_RWec0Q]cV], yQ _VpQPeV™_V
[VQ]_QcWP 7. .. z[][PckUPUQ, uV Fbb, 1 [QP _[V_
J0MQ[a\P cO* “cQ _RR_a\V_P_ U~ _XXJOQ \ Y,
ZCR[V [QP ~_R BOV™0a\X0QQ c0Q ka\kcV]_V]cV]E
xX_~_RWc0Q]cV] OV~ j_[XOV]Q\ck JO _RY_ V9
V_V, zcQQ "[QR Ve\_JO ~.. W XeV]_ 10V
E\Z ErYINP? M\l (HOB\LLN\NHPZ OYP\ FEbPZ
bav™[] 1.0a\UQQ_V M_R™_V YUVVP_E QTR[a\P
MR T J0P_ mOcK[PVP T_Q h_Rc\R_VQE JOWcX
R IOVT0a\0QQ [V _[V_W Q \R N_RM[VY_¥P_V
obZ_YPP_[Xb_R [a\ W[P VOR Z_M_[1Q Q_\R YX_[V_V
\XPL\Yabl\P ; \INX"Y\P I=aa> A+ \I[0SZIV

Abb. 7: Bielshéhle, Darstellung mit WebGL.
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3.3 XNUKNKI TP n]i6x XKV [JH

| [ _V [V dOQcWW_VcRb_[P W[P _[V_W | _R]9
bcOOVP_RV_\W_V ~ORa\]_"a\RP_V h_RQOa\_V
JOR yRQP_XXOV] “R_[[W_VQ[UVcK R gqU™_XX_0V9
P RPV][]_R FbbcO_ YUVVP_ [V h_R]X [a\ W[P
TcReXX X _RQP_XX¥P_V FOWC\W_V _[V_Q rcQR9
QacVV_RQ “ORa\]_"a\RP M_R™_V Djwuyry _P cf
=

XaR _[V_V JU\RURP W[P ac, ~: W rVV]_ 0V~
[R_[P_OV™ _[V_RWO\_NUVac, " W QrcV™_V QU9
MUNX _[V_ M[_ Ub_V b_Qa\R[_b_V_ ~UPUbcQ[ RP_
I_YUVQPROYP[UV cXQ cOa\ _[V rcQ RQacV Drc9
L\IL"bPP\Ik 5bli0 50°HL e8t BHI #\I[iZHPZ>
dOW h_R]X [a\ "_Rb_[T_V U _XX_MOR™_"[_
AUPUbCQ[_RP_ B_YUVQPROYPIUV WP ~t: U, "z9
(HPUIP XP ~AbL —O0/™MSS 1O00NMPhINPLCLINQ+
ML _bL\MILThPL 1:3 —X0> e8/(HPUI\+ 1a\ll
[EYNP 2X\IBH EHIMN M\ (HPUJEOSUN ML - b9
Q_RQacVQ cO* _[V_ JKX[V R[Qa\_ xiva\_ TRUZ[9
J_RPE OW cVQa\K[_»_ V™ WP ~_W kuxj9a3XJuI
XYY QHL QDblUbPIN (HPUIN BH A\J\UJNNW\P HPA
b_["_ }0QM_RPOV]_V JO "OQ[UV[_R_V, z[_ WI[P9
PXQ Jloi]lz a\LXQQI\ 3/(bibQ\\IAGbPLY
MRWCP[UV IM[Qa\_V ~_V sUURT[VcP_VQKQP_9
Q\P \I[0SZ)\ ia\ll e3: (HPUJINbbIN 8\ Q1J9
X R_skcM™OoV] _R]cb Q[a\ JO ~t~ WW,

z R qg_"[cV "_R FbM_[a\OV]_V IM[Qa\_V
AP @) —XO (HPUJNP bHL "\l [0JOabLX\I9
PV B_YUVQPROYP[UV JO ~_V 7 M_[XQ RVOW9
SCY ProYLINP (HPUNP ™ML _bL\ML™bPL a\9
MrZ) TQQ> A36 ™\ (HPUI\ S\NZ\P QbDXQbS
_ 02 QQ FOP ™\P lIrHQSXY Pr YLI\P (HPUI\P
~_Q rcQ_RQacvQ _VPr RVP, Fbb, F J_[1P ~cQ v[Q9
PUTRCWW ~_R }bM_[a\OV]_V,

Alll'llllﬁ-ﬁ.nih
g

20 30
Atrwlchung in mm

Abb. 8: Histogramm der Abweichungen foto-
basierte 3D-Rekonstruktion / Laserscan beim
Bohrort im Kalibergbau.

4 Zusammenfassung und Fazit

yQ MOR™_ cV\cV™ W_\R R R obZ YP_ [ }W9
M_V~bcRY_[P _[V_Q "UPUbcQ[ _RP_V I_YUVQPROYY
PJUVQN_R"c\R_VQ JOR yRQP_XXOV] “R_[T[W_VQ[U9
Ve R gqU™_Xx_ OVP_RPV][]_R VUNRCOWQKQP_W_
" _WUVQPR[_RP, z[_ JOR 30"Vc\W_ NUR ORP VUM
M_V™[]_ J}OQRaQrOV] _RWo]X[a\P cOa\ OVP_R
b_ V]P_VRVOWX[a\_V h_R\VIPV[QQ_V ~[_yRJ 09
JOV] ~_Pc[¥R_[a\_R OV~ SOcK[PcP[N cOQR_[a\_V9
T RUZIqQUT XK,

zcQ 1_J_[1P_ h_R*c\R_V JOR yRQP_XXOV] NUV
"Z9gqU™ XLV XVQQP Q[a\ WP R_XcP[N J_R[V]_W
d_[PcO*McV™ NUR ORP cVM_V™_V, r_"[IX[a\ "[_
cOPUWCP[Q[_RP_ 30QM_RPOV] ~_RzcP_V b_VoP[]P
c0™ \cV™_XQabk[a\_V {UWTOP_RV Z_ Vca\ §W9
AeV] TR FOMVE\W Q RLV W \RR_ jcl., z[L
N_RM_V~_P_ JOQRAQPOV] [QP Q_\R YUQP_V]avQ9
P[1, 30a\ Qa\M[_R[] JOJVV]X[a\_U~_R N_RM[V9
YR | _R_[a\_Q[V™ _R*cQQbcRE QUXcV]_ Q[ NUV
q_VQa\_Vb_] \bcRQ[V", Z[ QMOR™_cW | _[9
QTLX _[V_Q }¥Pb_R]bcOUbZ_YP_Q OV~ _[V_R JR&9
» R_VE “ORa\ h_RYCRQPOV] _VPQPcV™_V_V vo\9
X 7.3 [P, y[V “URP R_YUVQPRO[_RP_R BOV™M_]
T _OP_P “cRcO™ \[VE “cQQ "aR “[_ OVP_RQOa\P_V
1_ 9[VY_19 OV" kPR_aY_VcbM_[a\OV] _RJ[ P
M_R™_VYcWwv,

zcQ NRM V™ P_ h Rc\R_V JOR j LPOR[ 9
ROV] ~_Q "z9gU™_XQ cOQ ~_V oR[][VcxrUPUQ
YcVV VUa\ N_Rb_QQ RPM_R™_V, | [ ~_R B_YUV9
QPROYP[UV ~_R scW_RCTUQ[P[UV_V [QP VUa\ JO
OVP_RQOa\_VE M_Xa\_ hURP_[X_ Q[a\ ~ORa\ ~[_
h RM_V~0V] bX[aYM[VY_X90Vcb\W][]_R x_c9
PORQDgi Pck /..FEgi :1__+ XP HPI\Wr9
10_V obz_Yr V R] bV, }0a\ YUWW_RJ[ X9
S\ (NOZMbQQ\ EX\ EXQKQI”"R D} wikoxj /.~/+
b[ PV _[V_ P _RVCPN_,

8N\ (lirL\PJbJIOP QN ""\a4. !'=aa> 3+ iL)
Vo _[Vrea\_ go]Xa\Y_[’E OW U\V_ ~_"[9
JLRP_ "z%[ M_RIKUPMcR_ OV~ U\V_ JRUMY
L\W (SHZXPL N\ Z\EOPP\P\P —O/M\S\ [ill M\
O™ VPK[a\Y_[P JO TRVQ_VP[ R_V, xaR _[V[]_ "_R
\[_R cOM]_"a\RP_V | _[QT[_X_Q[V™ _VPQTR_a\_V9
S g_bwrIawQ PJov]_V OV R uwwg{ ':_:+
chROMoeR, | _[ "_R zcRQP_XXOV] ~_R U™ _Xt_ WI[P
g_bwr Q[V™ M_[P_R_yVPM[aYXOV]_V ~_VYbcR,
dOR N_Rb_QQ_RP_V dOQPcV™Q UYOW_VPcP[UV [QP
_[V_ FVVUPCPUVQW&TX[a\Y_[P ¢V b X[ b[]_V
qU™_XTUQP[UV_V MaVvQa\_VQM_RP, zc™ORa\
Mar™_ _Q Woli[a\ M_R™_VE Qa\V_{x co* [
T _W U JOJROVT_ X[L]_V™_V z_Pc[X"UPUQE



700

Photogrammetrie 1 Fernerkundung | Geoinformation 6/2012

q_QOM_RP_ U R cV™_R_ URPQb_JU]_V_ uVAURY
WCP[UV_V JOJOTR_[* VE “[_ b[Q\_R M_VV ab_R9
\COTPVOR &b _R YUWTI_L_ z_QYPUT9ITTA[YCP[U9
V_V JOJW]Ha\ Qv

Literaturverzeichnis

TFwikoxjE / .~/5 \PPTSHMMM,c][QU"P,ROKTRU ™ 0aPQHT\ U9
JOLbPE 1Az _i»

Yro{yE  /~/5 \PPToHCH[a_MUR[C,"RH[V"_L,T\TH
QUAPMCR_H*9THCPAURWAZ Z9TRCTNP_, \PWX
LAY

loiwiyit toef /.~.5 {cW_Rc {cX[bRPIUV jUUXBUL
MR qePich, — \PPTSHMMMN[QIUV,acle_a\,_~Of
aOHZH\JIE"bSKa?"0~ i 1Rz 1+

LipzryiE /.~/5 \PTSHT\UPUPUORaQMcQ\[V]PUV,
\"HiaHPASNNE =AYz b

Zi{syt | Ek{olyt z, # lyyhykE tE/.~5 QOW[N[_M
“Z R_aUVQPROAP[UV UM P\_ cRa\c_UNU][ack QP cP
O_KWUOP\ "RUW [Wc]_ Q_RLQ, — UWTOP RQ #
WRcT\[aQ 35 !:+1 1&& , 11R3/TcRe>

YpwyrviizE P ypziykE XE vykkE tE Kjitgt t, #
lingizE gt /.~ 1_0®[W_ "z N[QOck kr}q
MPP\ ¢ \cV'I\X" Iw]9z acW_Rc, — Iw]9z
" "OMULYON OP 8 (\IIF\NJXOP XP ®0a0lX’L bJ JY\
YORUT _cV BUBbUP[aQ XUROWE hVQP_R&QE KM~V

Xilis}g} €, # nop{yt tf/..15 }aaORcP_E z_VQ E
V™ 1UBOQP qOR[9h]_M kP_R_UTQ[, — uyyy {UVO
[\W\P~\ OP 90QNHI\I #XLXOP bP~ (bJJ\IP *\"0Z9
V[P[UVE [VV_cTUK[QE qptuk | p ~97/779—F .91,

V3}ppyq}ppt g,E I |0{SEj,E Vylyrt v,9n, # I ik{vE
ot 2 1_I< (YOIOZIbQQN\IL™Y\ 20YSIbHQ\N[bLY
Q0V] [V.R B¢ QPOb_, — jcJOVIQbcV™ 3Pb_R]9
bcOYUNUSO[OW 10: 721 ji | RlcYe™ W[
xR_[b_R]E hwy h_Ric],

V}ppyq}ppt g,E I Io{sEj, # I ik{vE g,E /.~5 xU9
PUbCQL RP_ "z dOQPcV Q9 OV w_UW_PR[_“UYO9
W_VPCP[UV cPb_RJbcOX[a\_R obZ YP_, — jc]OV]Q9
bcv™ FPb_R]bcOYUNUSO[OW 11: "7-7:F ji
""ll0"hbEd (OS\Pd #47 #\lShZ>

VyylE |E /. .F5 (bN\IS\LL 9bFXPZ g =P 7S\ JNOPX™
{{cN_ KORN_K[V] KKQP_W, —4th yORUT _cV KT_X U9
XUT [ack £UV]R_QQE h_RaURQE XRCV'YR_[a\,

wq{E /.~/5 \PPTSHMMM,[]Wa,P09axcoP\ct, ™ H[V9
MDNYNVIN] [0J0eM 12Tz i+

S}dvzipt C],E IorujvoE q,# VonnyE W 2 1 TA< (OXLg
QUV kORMca_ I_aUVQPROGP[UV, — 4th YORUTRCT\[aQ
&CQNOLHQ OP 4\0Q\INC (NO™\LLXPZd 9bZSKbliXd
WPeK[V,

Sropogkstt t, # pyuidyrt XE/.~5 qUb[{_"z9qcTI
T[V] MPP\ ¢ rUMILUQP §Hh KKQP_W, — uVP_RVc9
JI0PBS =IMYIF\L O JY\ (YOJOZNbQQ\JNCH *\QOIN
k_VQ[V] ¢V~ KTcP[ch uV URWCP[UV ka[ Va_Q XX X-
VIII ! (9: :+ 9OP[\INP™\ OP $PQbPP\A =\liibs
FH\YS\XP 4\0QbJ{"LK Fil"Yd 1&& , _AT:/ 333

rutkxit /.~/5 \PPTSHQUORa_ "UR]_,V_PHTRUZ aPQHK[bY
(R RLR S-S Y

roayt ZWE /. .75 z[PP[VaP[N_ [Wc]_* CPOR_Q "RUW
Qack_9[VNCR[CVP Y_KTU[VPQ, — uVP_RVCP[UVCK tUORY
ver U LUWTOP R h[Q[UV 60 !+ 1&& , IRz 1/)AR >

QukvryIE /.~/5 \PPTSHW_Q\kch,QUORa "UR]_V PH
LAY P

(—#&:0 2 1_z< YINCEZIbXS™ EDLYXPZIOPNMHELO[ 9
EBININQFLE 1= )21t

Nuy 1 10j9Z ykyurriwpet q, # {r'l'IeE ud: |_< =(7 =
cV OT_V KUORa_ JOVX_ 3 Z0PW_VP KU'PMCR_
AUR FOPUWCP[a {CX[BRCP[UV V™ OR[_VPCP[UV U ¢
&\J 0 1QbZ\L> g 1&( " & 90QQILLIOP # &CQN09
QIOWE uWe]_ yVIIV_R[V] ¢V h[Q[UV o PRUIUTKE
JRVPUE WPCIK,

Noukkopt / .~/5 \PPTSHMMM,aQ,2\0,_~OH?W[Q\chaU ™ _H
NOXLLOPIM\"OP§ 1= Az 1w

kvyxxylt }.E rinet | .f Qowrpujkset Q, # |owo9
qe}sott }E/. .5 H[x885cP cV™ RUDOQP cV]X_
abL\"* kbJJ\PXPZ> g =9 — %llbPLb~JXOPL OP 4}bNY9
[aQ 24,

Kp¥hyret p,E KyujdE k,q, # KdyruksiE Iz TTAC (YOJO
PUOR[QWS YLTXUR[V] T\UPU aUi_aP[UVQ [V "z, —
=9— %IbPLb JIOPL OP 4lbNYX'Li &144 = =(2i
J UQPUVE g cQQca\oQ_PPQE uk | p ~9:>:>"9"-79-,

Jviyryt tLE V3ppyaept 9, # |ik{vE gE 7.5
h19g_P\U™_V [V > R 30Qb["0V] b_[ s8k }Yo
PLVI_Q_MQa\c®?, — jc]ovIQbeV™ yV R][ OV
BUNQPUM 20116 | _[PRe] ~_Q qcRYQa\_[*_M 9
L\PL< - IRg:_Al %S ; WZbUb™\QIN 5liNta\Nzd (b9
NIMKXNZ\I #\NShZ>

JiviyytkE /.~/5 \PPTQ5#] [P\Ob,aUWHWR ™ UUBH\R__,I0K
aS0alQbLINIINDAQVQA 1A : 1 i+

git O 1113 &I[14 (S = 4(S 1QNNQ\PILIIOP Of
& bS\ 1PFbHXbPJ 5\bJIHI\ %VbPLIONQ '&15%+ YIINGE
aQ,0Va,_~0H?aaMOK['?] TG 1:RT>:1_+»

g it {,E {runnE I ErnE FEXI3val t,9q, # NorryxyekE
qf/..F "z qU X gqcPa\[V] MP\ h[ MTU[VP
1PFDIbPI (b YAL 1#1(L> g 9# (= - 1IT>

git {£/.~5 h[Q0ckkxqs 3 h[Q0cK KPROAPOR_ "RUW
QUP[UV KKQP_WE \PPTSHMMM,aQ,McQ\[V]PUV, " OH
\UW_QtaaMOINQWH 1R> >:1_:#

3 RQ0_"_RIOPUR VS

Qurvyra Vippyarppt Jiratp [1o{s G (0P 8lb
Jorxw}pw Iik{vE UVQP[POP "aR w_UP_a\V[Y ov®
qcRYQa\_[*_M_Q VE j§ {IcOQP\cX "F-1F {Xc0Q9
P\cXad_XX_RM XTE § X5 87>9:*/"91/9//>TE xcL5 87>9
/UO/YTISE W[5 M AW, \eVV_WevV)

;P[{WceV,bRUaY); MUX*]cV],b0Qa\) B PO9axcOQP\ck,™ _

QqCcVOQYR[TP _[V]_R_[a\Ps gc[ /.~/
FV1_VUWwW_V5 30]0QP / .~/



=EY PFG 2012/ 6, 070140710
SR FIHIVIKE VXZXP XK .<;.

Article

Graph-Based Analysis of Pedestrian Interactions and
Events Using Hidden Markov Models

tnjgiyk Xdgnuge } Qmwaygv Xy imugt B U0ZUXO

S KMUR™Q5 N VP~ P aP[UVET > QPR[CV QORN_[{icVa_E ¢ R[ck [Wc]_ 0 SO Va QE\[>™_V ccRYUN

WU JXGE i 3h

KOWWCRK5 uV P\[Q TcT_RE M_ TR_Q_VP cV [WTRUN_"
cTTRUca\ AUR P\_ cVeiKQ[Q UM T~ QPR[CV [VP_RcaP[UV
[V aRUM™_~ cV™ aXOPP R_~ Qa_V_Q ARUW c_R[cX [Wc]_
0_SO0_Va_Q, B_XcP_~ MURY [Q X[W[P_~ PUP\_ ~_P_aP[uV
UM GV OV _akeR_~ chVURWCK _N_VP M[P\ R_JcR™ PUP\_
.NT¥ ENO /,"0EENFJ NJ 6N 6, -,6,.G8NO N) IL, .4R.
QIWTX_ _N_VPQ [VaURTURCP[V] UVIK OT PU PMU PRcZ_a9
PUR[_Q, uV UOR cTTRUca\E N VP ~ P aP[UV [V T_~ (9
PR[CV JRUOTQ [Q “UV_ bK ~_P_aP[V] OV[N_RQck WUP[UV
[VP_RcaP[UV TcPP_RVQ b_PM__V Tc[RQUAT_~_QPR[cVQ [V
¢ JRcT\9bcQ ™ "RcW_MURY, yN VP ~ P aP[UV [Q T_R9
AURW_~ bK cVerKI[V] P\_P_WTURCX b_\cN[UOR UM P\_
WUP[UV [VP_RcaP[UVE M\[a\ [Q R_TR_Q_VP_~ bK _~1.0
[V P\_ JRCT\E bK W_cVQ UM \["~_V qcRYUN WU~ X0
dvaq’, J_WTURCR[XK “[QcTT_cR[V] _“1.Q [V P\_
JRcT\ acV b_ aUWT_VQcP_~ bK cV vgq bO™ R
M\[a\ [VP_RVCHK aUVP[VO_QP\_ vqq cVckKQ[Q _N_V
[*P\_ aURR_QTUV™[V] T_~_QPR[cVQ ~_TCRP "RUW _ca\
UP\_R cM\[X_, YLT_R[W_VPck R_QOXPQ Q\UM P\_ TUP_V/9
Pck UM UOR JReT\9bcQ_~ cTTRUca\ "UR _N_VP ~_P_a9
PIUV, J\_ 00 ~ “cPcQ PQ aUVPc[V 1}h [Wc]_ Q9
SO_Va_Q [V M\[a\ cV [VQPROaP_~ T_~_QPR[cV JRUOT
Q[WOXeP_Q W_cV[V]*OX JRUOT b_\cN[UOR ¢V™ cV c_R[9
cX[Wc]_Q SO Va_ [VM\[a\ T_~_QPR[cVQ cTTRUca\ ¢
QUaa_R QPc~[OW,

dOQcWW_VAcQQOV]5 WN™PX[R_"LI[NK[ XNLIYRIL\[=
K[UKIQR HQR wIFY@RY[NIRK[N UKIQR SWKK[TL uiN\\[R
P NUQH PQ\[TTIR, uV “[ QW | _[PRe] M[R™ _[V_N_R9
b_QQ_RP_ g_P\U™_ "aR “[_ z_P_YP[UV NUV xO»]VV9
T ROUVP_RCYP[UV [V “[a\P_V OV~ OVQPROYPOR[ RP_V
kJ_V_V c0Q ro"Pb[X"Q_SO_VJ_V NUR]_QP 1P, |[0tcV]
b_QP_\_V"_ J}Rb_[P_V b_Qa\RVVY_V Q[a\ cO* “[_ yR9
Y_VVOV] NUV OVVURWGX_V yR_[IV[QO_V [W 3X]_9
W_[V_V U™_RcO “[_ yRY_VVOV] NUV _[VAca\_V yRI
_[IVIQQ_VE M_Xa\_ VOR NUV b[Q JO JM_[ n_RQUV_V
~Ora\] "a\RPM_R™_V, uV > R\[_RNUR]_QP_X¥ V g_9
P\U™_ MR~ yR_[JVIQ™_P_YP[UV [V n_RQUV_VJROTT_V
NUGJU]_VE MUMaR “[ | _M_]OV]Q[VP_RcYP[UV IM[9
Qa\_V b_Vca\bcRP_V n_RQUV_VTccR V [V [V W JRc9
T\_VbcQ[ R_V™_V KKQ_W cVCIKQ[_RP M[R™, zcQ J_[F9
Ka\_ h_R\cP_V ~_R |_M_]OVIQ[VP_RcYP[UV MI[R™
WIPP_XQ V[~V qcRYUN qU™ XV Dvgq* c0Q] 9
M_RP_P, d_[P{fa\ OVb_QPVWW []_ scVP.V [W wRcT\
M_R™_VW[P v[¥* _[V_Q vgqqin0™ _RQ cb]_"cV]_VE
M Xa\_R ~[_ 3}0QM_RPOV] [VP_RV M_[P_RMA\RPE M_VV
Qa\ "cQ _[V.R scVP_ JO]_\oR[]_ n_RQUV_VTccR
YORJJ_[P[] NUV_[VcV™_R _VP» RVP, yQ M_R™_V yR]_b9
V[QQ_ TRVQ_VP[_RPE M Xa\_ ~cQ nUP_VP[ck ~ R NUR]9
XV o P\U™_ JOR YR [JV[Q™_P_YP[UV cO*J_[1.V,
z[  NRM_V™_P_V zcP_VQWJ_ b_[V\clP_V §}hok_9
SO _VJ VEM Xa\_wROTT Vb M_JOV]_V_[V]_M[ Q9
VR J_QPT_RQUV_V b_[V\cK_VE OV rOMb[("Q_SO_V9

E M_Xa\_ xO»JVV]_R NUR _[V_W xO»bcKiQPc™[UV

v,

< =

J_
J_

=

1 Introduction

G\ Wc[V UbZ aP[N_UMP\[QMURY [Q_N VP~ P a9
PIUV [V aRUM™Q bK RUDOQPIK cVeiKJ[V] ¢ T_~_Q9
PR[CV [VP_RcaP[UV JRCT\ OQ[V] V[~V QcRYUN
QU0 [V M\[a\ P\__"]_Q R_TR_Q_VP WUP[UV
[VP_RcaP[UV TcPP_RVQ b PM_ V' T QPR[CVQ,

§\_ \O]_ cWUOVP U QORN_[¥icVa_ “cPe R_9
SO[R_Q cOPUWCP[a UR ¢ X_cQP Q_ W[IcOPUWCP[a [V9

g /.~/ 'y, ka\M_[J_RbcRrQa\_ h_Rkc]QbOa\\cV ™ {OV]E kPOPP]cRPE w_RWcVK

zow ~.,—~/W~7"/F"-Th/ .~/H.~ .

P_RTR_PCP[UV, £UVQ_SO_VPIKE R_Q_cRa\ [V aRUM™
000"@11 *01 7, ,0 §05,014R, - 40 6*, "016 -, .0T
> Q [V UR™_R PU QOTTURP \OWCV QORN [XicVa_
UT_RCPURQ, uV ¢ [P[UV PU TOR_IK [Wc]_ bcQ
aRUM™  cVCIKQQ P_a\V[SO_Qf aRUM™ WU X0
UW TQKa\UIUTKE T\KQ[aQ UR RUW P\_ VCPOR_
\cN_ PU b_ [VaURTURCP~ [VPU WUR_ QUT\[QP[
ac?_~ QORN_[XcVa_ QKQP_WQ Ddvyp Pk, /. .F
lidypijv P cX, 7.~ 3 R[ck [WC]_RK TRU9

MMM,0a\M_[J_RbcRp,”_
~T/F -~ (/s



702

1UNINVK] P PXIKX 8 tXKOXKRHOYHOV 8 rXNIOINKP]ITNO 39.<;.

N[Z_Qc M["_UNRN[ MUNRcQaV_cV acVE
P\_R_"URE [ _cltK b_ 0Q_~ PU _LPRcaP PRcZ_aPU9
RLQUAMT_"_QPR[cVQ M\[a\ acV P\_V b_0Q_~ "UR
_N_VPT_P_aPuv,

POW_RUOQ TObX[acP[UVQ [V~ [acP_ P\_ [WTURY
PcVa_ UM aRUM™ cVelKQ[Q, dvyp _P ¢k, D/..F
TR_Q_VP ¢ QORN_K M\[a\ R_acT[POXcP_Q aUVPR[9
bOP[UVQ PU UbZ_aP ~_P_aP[UVE PRcaY[V] cV™ _N_VP
T P aP[UV, J\_ Wc[V [VTOP “cPc AUR _N_VP "9
6,.68NO 0J, ,8",J GJO%, .GNJ&, 1 NJ NLG&.0" QND#
=E,06 -,0, .6tNO 1@16, ¥ I F180( NLG..0" QND 0J,
cbX_PU ~_P aP chVURWcK _N VPQ [V \[J\ ~_V9
Q[PK aRUM™Q cP_R UbQ_RN[V] P\_ aUWWUV b_9
\cN[UOR "UR QUW_P[W_D}=z3qg _Pck /. .Ft }p9
z13}zy P ck, /. .-t qyvizp _Pck, /..>", vUMI
_N_RE[V™[N[OcK b_\cN[UOR acVVUP b_ [V RR_~
/@ NLG.0" QND 00- ON ."OI1&R.06NO N) 6°,
PKT_ UM P\_ OVOQOcX _N_VP[QWe™_b Q[ _Qur
QNDTIL, .4R. ."0J0.6,J&l16&. I# 90 1.066,J,- 00-
W_"[OW9~_VQ_Qa_V_QEP\_ cVcXKQ[Q U ~[QaR_P_
PRcZ_aPUR[_Q [Q TR_™ RR_~ b_ac0Q_ U*P\_ N[Q[b[X9
[PK UM [VT[N["0cXQ, XUR P\_ cVeXKQ[Q UM “[QaR_P_
PReZ_aPUR[_QE \[T~_V gcRYUN WU™_XQ Dvgq"”
DE3pupyt ~>F>" \cN_UP_Vb_ VcTTH[ ™ [VP\_
TcQPE M\[a\ \cN_ UR[J[VeK b__V ~ N XUT_~
MURQT__a\R_aU]V[P[UV, kK_N_Rck QT_a[cX[QcP[UVQ
U vagqg \cN_ b_V "_NXUT_™ cV™ OP[X[J_"
MR _N_VP TP aP[UVE Q0a\ cQ aUOTr_~ vqq
{vaq' borwnyr _Pck /..." URQM[Pa\_" “K9
VeWlack vaq kzdvqq' Dp3k{ugypjo _P
cX, /.~.", pyk{uaypjo _PcX D/ .~." akcQQ["K R_9
aORR[V] \OWcV PRcZ_aPUR[_Q [V bOQK Qa_V_Q bK
aUVacP_VeP[V] ¢ JIN_V Q_P U™ XUM X_N_X WU™9
_XQ OQ[V] QM[Pa\_~ “KVcWI[ack \[*~_V qcRYUN
WU™_JQ Dkz9vaq", vOWcV PRcZ_aPURK WI[V9
[V] [Q T_RMURW_™ [V P\_ MURY UM {3rzy1313 #
Loy 0/ .~." bK aXOQP_R[V] "R_SO_WP b 9
\cN[UORQ UM T_~_QPR[cVQ OQ[V] ~[* R_VP Q[W[9
XCR[PK W_cQOR_Q, siyijjyr _P cX, D/.~." cOPUI
WeP[ackXK X_cRV QTcP[USP_WTURcX ~_T_V~_Va[ Q
UM WUN[V] ¢]_VPQ ¢V~ Q\UM _LT R[W_VPcX R 9
IF'G1 )INY GJO)R. 1.,0,1# ;ND,E,J /@ ."01189
AK[V] UR WIV[V] R_aORR[V] PRcZ_aPUR[_QE UVIK ¢
N_RK QPR[V]_VP WU~ _X aUVPc[V[V] QUW_ PRcZ_a9
6NJ@ -"FI6,J1 .00 /7, /F&"6 D"¢. " &1 ONG Q,Bé/",
_VUOJ\ PU aUT_ M[P\ [V[N["OcX ¢V~ QTUVPcV_9
U0Q WUP[UV TcPP_RVQ [V aXOPP_R_~Qa_V_QP\cP "U
VUP WcPa\ R_aORR[V] TcP\Q, r_cRV[V] U*R_aOR9
R[V] PRcZ_aPUR[_QacV cXQUb_0Q ~"URP\_~ P a9
P[UV UM OVOQOCK _N_VPQ D |3kv3a3j Pck /. .FE
Vi _Pck /. .-Enotusru# vwy /.. 7", 1V0Q09
cX _N_VPQacV UVIK b_ ~_P_aP ™ [* _VUO]\ “cPc

cbUOP 0QOcK _N_VPQ [Q cNc[¥cbX_ b "UR \cV~, jU
6"&l ,0-36", 1.,0, "0l 6N LINE&-, IL, .&R. .NO9
“[PIUVQ M\[a\ acV b_ "UXUM_~ bK P\_ WcIUR9
[PK UMP\_UbQ_RN_~ UbZ_aPQEX[Y_ _VPRcVa_ “UURQ
AUR T~ _QPR[CVQ UR “R[N[V] ¥cV_Q "UR N_\[aX Q,

a_ UN_RaUW_ P\_ X[W[PCP[UVQ UM P\_ R JcP_~
MURY, g_ 00 WcVOcKK ]_V_RcP_~ PReZ_aPUR[ (
80 NJ-,J 6N /, 0/", 6N -JOD 1&(0tR.006 &0)NJ9
WceP[UV cbUOP [V™[N[T0cXQC WUP[UV b_\cNJUOR,
J\_cVeXKQQ UMP\_ _VP[R_Qa_V_[Qca\[_N_" bK
WU~ NM[V] it T_~_QPR[CVQ [V ¢ JReT\ cP _ca\
"ReW_, g_ ackaOXcP_ AUOR _LP V™~ WUP[UV
N CPOR_Q ¢ CTP_™ "RUW Jitsylj # |ijypijv
D/.~"PU~_~0a_Q[L OV[N_RQcX WUP[UV TcPP_RVQ
MR _ca\ Tc[R U* PReZ_aPUR[_Q, J\_ WUP[UV TcP9
P_RVQ M\[a\ ~_QaR[b_ P\_ WUP[UV [VP_RcaP[UV U*
¢ Tc[R UM T_~_QPR[CVQ aURR_QTUV™ PUP\_ 1.0
[V P\_ JReT\, J\_ Q SO_VP[ck b_\cN[UOR U™ P\_
WUP[UV TcPP_RVQ [Q cVeXKJ_~ bK v g, g_ "U9
a0Q UV P\_ ~ P aP[UV U Q[WTX_ ¢V~ OV[N_RQck
WUP[UV TcPP_RVQ M\[a\ c{UMQ 0Q PU [VP_RTR_P
R_QOMP[V] XcR]_ Qack_ aXOQP_RQ UM WUP[UV TcP9
P_RVQ bOP cXQU [V [N[*Ock N_VPQ [V P\_Qa_V_,
C6 6"¢l ",E,"3 RO-(0(I )INT IN.40" 00- GJO)R.
Qa[_Va_QQ0a\ cQP\_QuaJcX "URa_ WU~ X Dkxq"
Vyrlipw # Qorp\i I~>>:"acV b_0Q °, g_
Q\UM _LT_R[W_VPcXR_QOXPQ "UR UOR _N_VP ~ P a9
PIUV QKQP_W bcQ_~ UV ¢ ~cPcQ_P caSO[R_~ bK cV
OVWEVV_~ ¢_R[ck N_\[aX_ DiHh* [V M\[a\ cV
8016JF.6,- (INFL N) L, -, 1636001 )F'"R™I ¥ ,009
[V]"OX Qa_VCcR[UQ U* JRUOT b_\cN[UOR, FVUP\ R
R_CIMURC ~cPcQ P aUVPC[VQ cV c[RbURV_ [W9
c]_0.SO Va_ [V M\[a\ T_"_QPR[cVQ cTTRUca\
¢ QUaa_R QPc™[OW,

3\ UOP(V_ UM P\[Q TCT_R [Q cQ AUKIUMQS uV
QaP[Uv / M_ [VPRU=Oa_ P\_ P_RW[VUIUTK U
vgq M_ 00_ [V P\[Q TcT R k_aPf[uv ™ "9
QaR[b_Q UOR QKQP_W AUR RUbOQPE JRcT\9bcQ °
_N_VP ™ _P aP[UV, uV Q_aP[UV 7 M_Q\UM _LT_R[9
W_VPcK R_QOXQ cV™ [V Q_aP[UV = M_ aUval0™_
¢V ~[0a0QQ "OPOR_ MURY,

2 Terminology of Hidden Markov
Models (HMM)

3 \["_V gcRYUN WU X DvaQq" [ ¢ TRUbcY
b[X[QPfa WU™_XM\[a\ [QR_TR_Q VP_~ bKc “[R_aM
_" caKak[a JReT\, } va g Q\UMQ P\_ Q[WT¥_Qp
MRW UM ¢ “KVeW[a | cK_Q[cV V_PMURY, j\_ QKQ9
P_W OV™_RIKK[V] P\_ vqq [Q ¢ gcRYUN a\c[V
UM\["_V QPcP_Q, 3P _ca\ P[W_QP_TE cV UbQ_RN9
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cbi_ UOPTOP UM P\_ WU™ X [0 ]_V_RcP_> M\[a\
UVIK > T_V QUVP\_aORR VP\[*~_V (PP,

.6; Parameters of an HMM

3V vgq TRUN["_Q aX cR JcK Q[cV Q_WcVP[aQ
00- &l -,RO,- /@ 6", )N"NDEO( 1,6 N) LOJO¥9
_P RQDE3pupyr ~>F>%

PY QP U" o TUQML \["_V QPO
SLELE BEL)EP\_ QPcP_ cP PIW_K[Q ~_VLp_°
cQ 0,

P} QP U™ p TUQ[bX. UbQ RNCP[UVQ
SHEHE R EH)E P\_ UbQ_RNcP[UV P PIW_ K [Q
T_VUP_" eQQ,

P §\_ PRCVQ[P[UV TRUbcb[X[PK WCPR[L | M[P\ [FQ

_X_W_VPQ ™, ~_VUP[V] P\_ PRCVQIP[UV TRUbCY
b[{PL_Q "RUW L, PU L,

‘w = I(OK = Lv|OK—| = Lw) D~
Ny =E > o

P j\_ UbQ RNCP[UV TRUbch[{[PK [QPR[bOP[UV
_[H," "UR cV UbQ_RNCP[UV H,

_OH,* = 10Q =K [0, = L,* o

>, _DOH"=~VIE _DU">. 07"
P 3\_ [V[P[ck TRUbCD[X[PLQ $; P\cP L [Q P\_ [V[8
P[cX QPcP_

m =10 =L) 0:*
2=~ M. D-*

XRUW P\[Q Q_P U* TcReW _P_RQ P\_ PRCVQ[P[UV
TRUbcb[X[PK WCcPR[L JE P\_ UbQ_RNcP[UV TRUbc9
BIX[PL_Q _,DH," ¢V~ P\_[V[P[ck TRUbCb[X[P[ Q $, acV
b_QObQOW_~ OV™_Rc TcReW _P_R * M\[a\ a\cRI
caP R[J_ QcVvqq,

.6. Inference in HMM

4" ,10),3,0., 40 ; 88N RO-6", INIGLIN/9
chX_Q_SO_Va_ UM\["™_V (Pc_Q ;0£0,£ 80, [0
T_RAURW_™ bK OQ[V] P\_ aURR_QTUV™[V] JIN_V
Q_SO_Va_ U* UbQ_RNCP[UVQ ;Q Q£ B EQ.)E M\_R_
h [0 P\_X_VIP\ U P\_Q SO Va_, j\[Q TRUBX W
acV b_ QUIN_™ bK P\_ FIK[N_Ii “TYQNIKXS D139
lpyt ~>F>' M\[a\ [0 00 ~ [* ¢ aUWT( P ¢V

P_RW[VcP_~ Q SO Va_ UM UbQ _RNcP[UVQ [Q cNc[X9
cbX_, XUR UOR TRUbX_W UM N_VP~ P aP[UV [VR_9
CXP[W_E M\[a\ UT_RcP_Q cQP\_[Wc]_0Q SO Va_
&l 0.KF&J,-3 R'6,J0( "0l 6N /, FI,- ¢0IG,0-
UM P\_ h[P_Rb[ cXJUR[PAW, X[XP_R[V] [Q OQ_~ "UR
aUWTOP[V] P\_ TRUbcb[X[PK ~[QPR[bOP[UV UN_R
P\_\[""_VQPcP_Q ;LELEGEL ) cPca_RPC[VP[W_
QP_TKE JIN_V P\_Q SO Va_U*UbQ RNcP[UVQ OT
PUPN[Q P[W_ QP_T ;QEQ,f § EQ,.1Q), X[¥°_R[V] acV
,)R.4,00"@ /7, IN'E,- /@ 6", IQNG N\ “TYQNIKXS
DE 3 pupyt ~>F>", J\_"URMcR™ cXJUR[PAW [Q cT9
TRUTR[cP_ ~UR UOR PcQY b_ac0Q_[P “U_Q VUP ™9
TV UVcVCelR cTKP RW[VEP_~ 0 SO Va_cV'E
P\OQE acV b_ [P_RcP[N XK cTTA[_~ cP N RKV_M
MReW_UMP\_[Wc]_0.SO Va_,

J\_ "URMcR™ cXJUR[P\W _WTXUKQ "URMcR™
NcR[cbk_Q &DL731SISo M\[a\ cR_ ackaOXcP_~ cP
_ca\P[W_QP_TKAUR_N_RK\["~_VQPcP_L, J\OQE
6, )NJDOJ- E0J60/",1 0J, -,R0O,- 0l

als," = Ploto,t, totq, =s, |)l' , 01

&0L" [0 P\_ TRUbCb{[PK PU TRU Oa_ P\_ Ub9
Q_RNCP[UV Q_SO_Va_ OT PUK cV™ PUR_ca\ Qbc?_L,
P PW_KE TIN.V P\ vgq " C6 6", RIIG &Y,
P T2 ~EP\_ [VPCHICP[UV UM P\_ AURMCR™ )9
JURPAW [QR_cX[J_ bK

al(Lt\‘) = ’TVA_‘I)(QJ) 1 DFI

G\ [VP[CX[JCP[UV U P\_ "URMCR™ NcR[cb Q
> TV Q UV P\_ [V[P[ck TRUbCBXPLQ $, ¢V~ P\_
RJIG N/1,JEOGNO Q_, 3P "ORP\ R P[W_ QP_TQ ¢
>SKSHE P\_ R_aORQ[UV U P\_ "URMCR™ cXJURPAW
[0 T_RAURW_~ bK

a(L)=_ Q)Y a, L)y, D>*

§\_ R_aORQ[UV QP_T ~_T_V™Q UV P\_ UbQ R9
NCP[UV Q, cV™ UV ckl "URMCR™ NcR[chi_Q UM P\_
TR_N[UOQ P[W_ (P_T &, DL'E WOR[TX_~ bK P\_[R
TRUbChA[P_Q U PREVQIPIUV PU QpcP_ L,

3 Graph-Based Event Detection

uV UR™_R PU cVeciKJ_ WUP[UV [VP_RcaP[UV TcP9
P_RVQ[VaRUM™QM_aR cP_cT_~_QPR[cV [VP_Rcad
P[UV JRcT\ M\[a\ aUVPc[VQ cXX T_~_QPR[cVQ U" c
Qa_V_, J\_cVciKQ[Q [Q TUV_"UR _L[QP[V] _"1.Q
[V P\_ JReT\ bK v qdbcQ_~ N VP ~_P aP[UV
D"¢." & IN/FIG 6N QF.6FO0G 00- LOJG0™@ -,9
TCRP[V] T_"_QPR[cVQ,
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)6; Pedestrian Motion Model for
Pedestrian Interaction

J\_ WUP[UV WU~ _X aUVQ[QPQ UM AUOR WUP[UV
),06FJ, 1 D"¢." 0J, J,RO,- 00- ,BG,0-,- E, ¥
I8NOI N) G*NI, -,RO,-40 Jinsytj # | ijypiiv
0/.~", J\_ WUP[UV " cPOR_Q cR_ P\_ UbQ RNc9
PIUVQ "UR P\_ vgq b_ac0Q_P\ K acV [_cKK
b_0Q ™ PU VA RQ[L OV[N_RQck WUP[UV TcPP_RVQ,
J\_ WUP[UV TcPP_RVQ cR_PR_cP_~ cQ P\_ _N_VRQ
M\[a\\cN_PUb_~ P aP “cV cR_P\_VOQ ~PU

[VP_RTR_P ¢ aRUM™(Q b_\cN[UOR,

B NITNO €X]IHKXJ

g_ 0Q_"UOR WUP[UV *_cPOR_Q M\[a\ cR_ acka09
XcP_™ ARUW PReZ_aPURK Tc[RQ cP _N_RK P[W_ QP_T,
C LO0&J N) 6JO¥%, .6NJ&, 1 &l -,RO,- /@ GDN L, -, 19
PR[cVQ W cV™ V D"¢." 0J, IF)R.4,06"@ ."NI, 6N
,0.% N6™,J IF." 6706 0 1&(04R.006 ¥ NGENO 409
P RcaP[UV PcY_Q Thca, j\_ W _P\U™ PU QT a[’K
16(04R.006 ¥ NGENO £06,J0.6NO &I —,1.3¢/,- §O
Q_aP[uv "/, J\_ "UOR WUP[UV " cPOR_Q "UR PMU
T ™ QPR[CVQ I V™ V cR_ P\_ QOW UM P\_ N XUa[9
PLQHB8H36", EOJROGENO N) 6*, -&1600., UNEP\_
cN_Rc]_ T_~_QPR[cV ~_VQIPK %D#.8#" cV™ P\_
VURWCK[J_~ QackcR TRU™OaP UM bUP\ WUP[UV ~[9
R_aP[UV N_aPURQ L, §\_ WUP[UV ™ cPOR_Q Q RN_
cQ P\_ UbQ RNcP[UVQ [V P\_ vaq, X1, ~ Dk
> _T[aPQ PMU PRcZ_aPUR[_Q [{XOQPRCP[V] P\_ WUP[UV
A CPOR_Q H,8H3 U\ cV™ %D#,8#", j\_ N JUalPK H,
UMc T_"_QPR[cV [Q acXaOXeP_~ cP _ca\ P[W_QP_T
0Q[V] P\_"RcW_RcP_ cV™ P\_aUN_R_~ “[QPcVa_
Q[Va_ P\_ XcQP P[W_ QP_T, J\_ NCR[ch[X[PK U P\_
-41600., &1 -,R0,- O UN\/\ + \ EM[P\ \;_b_9
[V] P\_ “[QPcVa_ cP P[W_ QP_T k8> ¢V~ \, b_[V]
P\_ “[QPcVa_ cPP[W_QP_ Tk 4"FI3U\ 4 ~ R cV
§0.J,0180( -41600., 00- U\ O ~ "R ¢ ~_aR_cQ9
[V] “[QcVa_, §\_MUack T_~_QPR[cV ~_VQPK # [0

ackaOXcP_~ bKP\_[VN_RQ_UMP\_cR_c UMP\_aUR9
R_QTUVT[V] a_XX [V ¢ hURUVU[ ~[c]RcWE M\[a\
[0 aUVQPROaP_™ "RUW P\_ T_~ QPR[cV KUacP[UVQ
cP _ca\ ARCW_ ijyxxyp # kyexluyz /.~. " I K
0Q[V] ¢ hURUVU[ “[cJRcWE P\_ XUack T_~_QPR[9
cV ~_VQ[PK acV b_acXaOXcP_~ [VQP_c™ UrOQ[V] ¢
RB,-0J,080D"¢." 6", OF¥/,JN) L,-, 16J400I
[Q aUOVP_~, oVXK "UR PAUQ_ T_~_QPR[cVQ M\[a\
CR_XUacP_~ cPP\_bUR™_R U JRUOTQE P\_ ~_VQ[9
PK [Q acXaOXcP_~ bK aUOVP[V] P\_VOWb RUMT 9
-, 16J¢001 D&"40 0 IL, .4R, - JO-¢FI N cV™ R_XcP9
[VI[PPUP\_cR_c, J\_R cQUVAURP\[Q_La_TP[UV
[@ P\cP hURUVU[ a_XXQ cP P\_ bUR™_R U* ¢ TU[VP
."FI6,J D&™ J, . ,6E, E,J@ "0J(, NJ 40RO, 0J,0
DX[1,~£ RO\, 9_ "ORP\ R [VPRU™Oa_ c "UORP\
WUP[UV *_cPOR_ M\[a\ [Q P\_ VURWCX[J_~ QackcR
TRU™0aP L UM bUP\ WUP[UV ~[R_aP[UV N_aPURQ, L
R_a_[N_Q NcXO_Q OT PU ~ UR T_~_QPR[cVQ McXY9
[V] [V TcReXX_X DX[], ~E X_P'E NcXO_Q U™ chuop .
MR URPNUTUVCX N_aPURQE V™ OT PU &~ AR T_~_Q9
PR[cVQ McXY[V] [V UTTUQ[P_ ~[R_aP[UVQ, §\OQE L
NELY, X061 67, ),06F), UNbK ™ _QaR[b[V] P\_
6@L, N) 6, -&1600., E0JEOGNO# U\ UVXK JIN_Q
P\_ chQUKOP_ NcR[cP[UV UMP\_ “[QPcVa_b PM__V
PMUT_~_QPR[cVQ bOP “U_QVUPQT _a["KP\_ "[R_a9
PIUVQE [V M\[a\ P\_ “[QPcVa_ NcR[cP[UV [Q "OX9
R™,-#90 IF X B0J@ 6", ),06FJ, E, .ONJ &l *H,8HE
U™ %D#,8#'E LI,

B NITNO §]11XKOJ

2, -,RO, 1B YNGNO LO,JOI D& N.9
aOR M\_V T_~ QPR[CVQ cR_ alUQ_PU ca\ UP\ R
VEW XK iKR\IRYE KITITIRYE e TUIRYE jIR=
RIRYE YIH[NYIRY V™ ZQRH[NYIRY, j\_Q_ Q[W9
TX_cV™ OV[N_RQcK WUP[UV TcPP_RVQ cR_P\_ bcQ[
NJ NFJ ,E, 06 -6, .GINO 1@16, ¥ 00- -,RO, 6",
PKT_ UMP\_ WUP[UV [VP_RcaP[UV b_PM__V V_[]\9
bUOR[V] T_~_QPR[CVQ, j\_QT_~UMT_~_QPR[CVQ
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acV b_ NcR[cbX_ cP P\_ WUP[UV TcPP_RVQ zQR=
HINYIRY ¢V~ YAH[NYIRY ¢V~ [Q cP WUQP .~ .,"E
/,.cV™ 7,2 WH) "UR P\_ WUP[UV TcPP_RVQ iK™ R\=
IRYE KITITIRYE @ TUIRYE j IRRIRYE R_QT_aP[N_9
XK, §\_ NCR[Cb[X[PK U* “[oPcVa_ _LTX[a[PKK X c™Q
PU C QPcP_ W _VP [*PMU T_~_QPR[cVQ cTTRUca\ UR
> TCRP ARUW _ca\ UP\_RE [V™_T_V™_VP UM P\_
WUP[UV ~[R_aP[UV, j\_R AUR_E P\_ NcR[ch[X[PK UA
“[QPcVa_ [Q cbUOP ~ "UR TK"R\IIRY cV™ P\_ TcR9
ek X WUP[UV TcPP_RVQ KI[I[IRYE e TUIRY cV™
J IRRIRY: ?NOI,KF,06"@ U\ 4 ~ "UR yIH[NYIRY
00- U\ O ~ "UR ZQRH[NYIRY, j\_T_~ QPR[cV
> VQ[PK [Q NcR[cbX_ bOP RCP\_RXUM M\_V T_~ Q9
PR[CVQ cR_ QPcV™[V] UR WUN[V] VCPORCHK cV*
acV R_ca\ \[J\ NcX0_QOTPU - T_~_QPR[cVQ T_R
W/ [V "_VQ_ SO_O[V] cR_cQ, J\_ VURWeK[J_~
QacXcR TRU™0aP UM P\_ WUP[UV ~[R_aP[UV N_aPURQ
[Q NcR[chbX_ "UR QPcV™[V] T_~_QPR[cVQ b_ac0Q_c
QK1\P WUP[UV [VPU ¢ ReV UW “[R_aP[UV ciMcKQ
UaaORQ ¢V~ VU T_~_QPR[cV M[X QPcV™ aUWTX P 9
XK QPIXX, J\_ WUP[UV TcPP_RVQ KI[I[IRYE @ TU=
IRY ¢V~ JIRRIRY cR_ a\cRcaP_R[J_~ bK T_~_Q9
PRICVQ McXY[V] [V TCRSHX_JE QU P\_ QaccR TRUO
OaP [Q atUQ_PU ~, J\_QackcR TRU™0aP _WT\cQ[J9
_QTCReX X Qa_VCR[UQ [V M\[a\ P\_ NcR[ch[X[PK U
“[oPevVa_ WIT\P W[QK ¢ [VIHK 00]1.QP “[N_R]9
[V UR aUVN_RT[V] WUP[UV TcPP_RVQ b_ac0Q_ U
“[M R_VP N_XUa[P[_Q,

1 QOCKXKE PRC[V[V] ~cPc "RUW P\_ R_cX MUR(
QORN_[¥XcVa_Qa_V_Q[00Q_~ PUX_cRV vgq UM
X[V_, VUM N_REM_ U VUP 0Q_ ~cPc "RUW QOR9
N_[XXcVa_acW_RcQPUX_cRVP\_wvqgq "UR _N_VP
P aP[UVb_ac0Q M_"UaOQUV aXOPP_R_~Qa_V_Q
M\[a\ UaaOR cP b[] _N_VPQ, r_cRV[V] "RUW R_cX
MURK™ ~cPc ckMcKQ R X[ Q UV "R_SO_VPXK R_aOR9
R[V] WUP[UV TcP\Q M[P\[V P\_Qa_V_ UM [VP_R_QPE
M\[a\ M_ acVVUP cQQOW_ PU b_ cNc[¥cbX_ "UR
cVK Tca_ M\ _R_ c b[] _N_VP WcK PcY_ Tica_,
uVQP_c™E M_ 0Q_ QKVP\_P[a “cPc R_TR_Q_VP[V]
P\_ WUP[UV TcPP_RVQ PU X_cRV P\_ v q, J\_
PRC[V[V] ~cPc cR_]_V_ReP_~ bK WUN[V] c]_VPQ
M\[a\ AUXKUM ROX_Q UM WUP[UV ~_T_V™[V] UVP\_
~_QaR[TP[UV cbUN_, J\_PRc[V[V] ~cPc aUVQ[Qr U"
>.."~/.. " cPOR_N_aPURQ T_R WUP[UV TcPP_RV
M\[a\ M_R_ ackaOXcP_~ "RUW VURWCcKXK ~[QPR[bI
OP_~ Q[WOXcP_~ PRcZ_aPUR[ Q, XRUW P\_Q_ " c9
POR_ N_aPURQE P\_ W _cV NcXO Q cR_0Q ~PU .9
RIN_P\_ " cPOR_N_aPUR UM _ca\ WUP[UV TcPP_RV,
1cQ_~ UV P\_ a VPRcK X[W[P P\_UR_WE P\_ * c9
POR_ N_aPURQ cR_ cTTRUL[WcP_XK VURWCIXK ~[Q9
PR[DOP_~, XURP\_ _QP[WeP[UV UNP\_\["~_V QPcP_
0, M\[a\ aURR_QTUV™Q PU P\_ WUP[UV TcPP_RVE ¢

TR 9bcQ > gr _QP[WCP[UV [Q 0Q_~, j\_ [V[P[ck
TRUbCBXPLQ $, cR_ cQQOW_~ PU b_ OV["URWK
~[QPR[bOP_, \_ PRCVOQPP[UV TRUBCh{[PLQ ~,, cR_
1,6 ¥0OF0™@ &0 0 DO@ 6N J,Q, .6 6*, )0.6 6706
\OWcV WUP[UV [Q N_RK NR[cbX_E QU P\_R_ [0 VU
R_JOXCRQa\_W_[*cT_~_QPR[cV W[]\P QPUTE PORV
X UR PORV RIJ\P ¢ R McKY[V] QPRe[I\P, ji\_
NCX0_Q 0Q_~ AUR P\_ PRCVQ[P[UV TRUbChXPL Q ™,
CR_P\OQ V_cRIK [*_VP[ac)E M[P\ ~_N[cP[UVQ "RUW
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¢ R ik RVIRYE J IRRIRY [Q X_QQ TRUbcbY_ P\cV
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PLO ™, [V P\_ McK 200 ~_QaR[b_"E M_UN_RaUW_
P\_ XW[PCP[UV P\cP P\ _R__L[QPQ VU R_cX MURK™ UR
QKVP\_P\[a PRC[V[V] ~cPc M\[a\ R_TR Q VPQ R 9
CH[QP[a PREVOQ[P[UV TRUBC[XPL Qb_PM_VP\_ WU3
PIUV TcPP_RVQ [V UOR cTTRUCA\,

)6. Analysis of a Pedestrian
Interaction Graph
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Q_VP WUP[UV [VP_RcaP[UV b_PM__V Tc[RQ UM T_9
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J\_ MV G, “_T.V7Q U P\_ “[oPcVa_
\, b_PM__V P\_ T_~_QPR[cVQ R_TR_Q_VP[V] P\_

VU™ _QWeV™ VeV™ UVP\_ ~_VQPK # M\[a\ [Q J[N9
_VbKT_"_QPR[cVQ T_RW/, J\_ M_[T\P"OVaP[UV
[0 ¢ wc0QQ[cV "OVaP[UV MP\ \_[J\P ~£ %2. ¢V~
o=~t{o ), JNOEN_M_[IV G, Ra[NQ
\[J\ NcXO_Q "UR “[R_aP_XK ¢ Zca VP T_~_QPR[cVQ
'ev>vD",J, 0 1&(04R.006 ¥ NGENO £&06,J0.6NO
[Q QOTTUQ_~ PU PcY_ Tca_, 3P \[J\ T_"_QPR[cV
“_VOPLQ \_M_[IV G, [Q UVIKK \[I\ b_PM__V
T " _QPR[cVQP\cP \cN_c “[QPcva_Urc™ M ~_a[9
W_P_RQEM\_R_cQ c? \UM ~_VQPLQP\_M_[I\P G,
acVb_\[J\ N_V[*c Zca VP T_"_QPR[cVQ \cN_
cV UMQ P UM Q N ReX WP RQ, g_ [VPRUOa_ ¢
P\R_Q\UX™ M\[a\ [Q cTTX[_~ PUP\_ M_[]\PQ [V UR9
T RPUT_PRW[V_ M\[a\ _“]_Q[VP\_TJRcT\ cR_
PU b_ aUVQPROaP_~ cV™ M\[a\ _"]_Q cR_ UW[P
P,

tIPXENIX rKIMU dMY]ITOV

OOR JRcT\9bcQ_~ cTTRUca\ "UR _N_VP ~_P_aP[UV
[V aRUM™Q R_TR_Q VPQ “KVcW[a b_\cNJUOR U
T_"_QPR[cVQ, JUPN[Q _VEP\_T_~_QPR[cV [VP_R9
caP[UV JRcT\ [Q acTcbX_ UM a\cV][V] [PQ PUTUX9
UJK cP _N_RK"ReW_ ~_T_V"[V] UV P\_V_M cRI
ReV]_W_VP UNT_~_QPR[eVQ [V P\_Qa_V_, x[],/
Q\UMQ ¢V _LcWTX_ UM AUOR T_~_QPR[cVQ cV™
P\_[R PRcZ_aPUR[_Q, ncRP[aOXcR P[W_ QP_TQ cR_
R_TRQ VP~ bK “UPP_~ X[V_Q[Vb_PM__VP\_PRcY
Z aPUR[_Q, x[]Q, 7/ cE/ b" cV™ /a" Q\UM P\_ aUR9
R_QTUV™[V] JRcT\ M[P\ "UOR VU™ _Q, J\_PUTUX9
UK a\cV]_QbK[VQ RV cV_ M _"]_b PM_V
VU™ Q7 cV™ "b_ac0Q UMP\_ ~_aR cQ ~ “[Q9
PcVa_b PM__VP\_aURR_QTUV™[V] T_"_QPR[cVQ,
J\_ "_VOQPPK [Q QOTTUQ_~ PU b_ aUVQrecVp, j\_
MICPANUMP\_ "] aUvw. aP[vi W™ Q/cv: ™
[VarR_cQ Q [V X[],7 &' cQ c aUvVQ_SO_Va_ UMP\_
[VaR_cQ_~ M_[1V G,.,

J\_R_cR_P\R__ TR aUV™[P[UVQ U* \UM UOR
QKQP_W ~_ckQ M[P\ P\_ Q_SO_VP[cK [VP_RcaP[UV
000"@1613 -,L,0-40( NO 6", .NOR(FJOGNO N)
6", (JOL" &0 6", LJ,ENFI I6,L£ 4", RJIG .01, &l

=

/ f/aj b)

PcPcV ] _L[QP[V] [V P\_ TR_N[UOQP[W_Qp T
M AORP\_R _L[QPE QOa\ P\cP P\_ aURR_QTUV™9
[V] [VP_RcaP[UV cVcXKQ[Q acV b_aUVP[VO_~, j\_
Q_alVv™ acQ_ [Q P\cP PMU T_~_QPR[cVQ cR_ aUV9
NRI[VI eV P\_M_[I\P G, _La_ "QP\_P\R_Q\9
U, uVP\[QacQ EcV.M "] _[Q]_V_ReP_~ cV™
P\_ cVEXKQ[Q UM P\[Q [VP_RcaP[UV [Q QPcRP_~, \_
P\[R™ acQ_[QP\cPPMU T_~ QPR[cVQ ~[N_R]_cV"
P\_M_[T\P G,, chXQ b_XUM P\_ P\R_Q\UX™, uV P\[Q
acQ EP\_aURR_QTUVT[V] _~1_ [QR_WUN_" "RUW
P\_T__QPR[CV [VP_RcaP[UV JRCT\,

ON[HJI uFXOl vXIXZITNO

J\_ [VP_Rcal[UV cVcKKQ[Q b_PM_V ¢ Tc[r Ut
T_"_QPR[cVQ [Q T_RAURW_™ bK vaq, J\_ "UR9
McR™ cXJUR[PAW [Q 0Q_~ PU ~ R[N_ P\_ PKT_ U
WUP[UV TcPP_RV R _ca\ Tc[R UM T_~_QPR[cVQE
MR M\[a\ ¢ aUWWUV _~]_ [V P\_ JReT\ _L9
[0PQ, g\_V cTTXK[V] P\_ "URMcR™ cXJUR[P\WE
P\_ WUP[UV " _cPOR_Q Q_RN_ cQ UbQ_RNcP[UVQ cV™
P\_ WUP[UV TcPP_RVQ Q_RN_ cQP\_ \[""_V QPcP_Q
U'P\_vaq, y 1.0[VP\_JRcT\ acV cR[Q_ UR
“[QcTT_cR “OR[V] P\_Q_SO_Va_ b_acOQ_ UM P\_
“KVcW[a b_\cN[UOR UM P\_ aRUM™ ~ _QaR[b_~ [V
P\_ TR_N[UOQ Q_aP[UV, n_"_QPR[cVQ ~U VUP WUN_
[V ¢ X[V_cR McK bOP P_V™ PU QK[J\PXK ~_N[cP_PU
P\_X_P UR RIINP M\[X_ McXY[V], 3\ R "UR_EP\_
[VP_RcaP[UV cVerKQ[Q b_cRQ P\_R[QY UM b_[V] [V9
P_RROTP_™ "UR QUW_ "ReW_Q [ T_~_QPR[cVQ ~_9
TCRP "RUW _ca\ UP\_R "UR ¢ Q\URP P[W_ UVXK, jU
UN_RaUW_ P\[Q R[QY cV™ PU ca\[_N_ ¢ RUbOQP Q 9
SO_VP[cK cVeXKQ[Q UM P\_ WUP[UV [VP_RcaP[UVE cV
vagq boM R [Q0Q_~ M\_V cVekKI[V] P\_T_9
~_QPR[CV [VP_RcaP[UV JRcT\, J\_vqq bO™ R
&1 806,J00™@ 0.64E06, - )NJ O IL, -4R. 406, J0.6ENO
M\_VP\_M_[J\PUMP\_aURR QTUV V] _"1_"9
aR_cQ_Q b_XUM P\_ P\R_Q\UX™, 3P P\[Q TU[VPE P\_
R_aORQ[UV U™ P\_ "URMCcR™ cXJUR[PAW MUOK™ b_
P_RW[VeP_™ [*VU vaq bOM™ R McQ0Q_~, vUMY
_N_REP\_R_aORQ[UV [Q [VP_RVcKIK aUVP[VO_~ AUR
0 FI,J7-,R0,- 10B&¥0" OFX/,JN))JOE,I¢0
P\_vgq bOoM™ R uVP\_acQ_P\cP P\_PMU aUR9

1 38

Fig.2: mXil| VKIMU HMYJITOV INK INHK JCOIUXITZ IKJSXZINKTXJ ;—sz KIVUI| IUKXX KXMKXIXOITITFX VKIMUJ
JUNETOV IUX INMNONVC J1 MIKITZHIIK IKT P XJ "1+ [+ Z& KXOQIXY IN [UX YNIIXY (TOXJ6
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R_QTUVT[V] T_"_QPR[cVQ cTTRUca\ _ca\ UP\ R
cV™ P\_M_[]\P[VaR_cQ Q c]c[VEP\_aUVQ[QP_VP9
XK cV™ _P_RVCEKK cVeXKQ_~ WUP[UV [VP_RcaP[UV
[0 XUc™_~ "RUW ™\_ vqgq bO™ R cV™ P\_R 9
QOXP [Q QObQ_SO_VPXK ¢™~_~ PU P\_ alURR_QTUV™Y
[V] [VP_RcaP[UV cVcXKQ[Q, v_Va EP\_P_WTURCRI
[XK UW[PP_~ aURR_QTUV™[V] _~1_UMP\_JRcT\[Q
Q0bQ_SO_VPXK aUVQPROaP_~, j\OQE VU "Rc]W_VPQ
UM P\_ aURR_QTUV™[V] T_"_QPR[cV [VP_RcaP[UV
acV cR[Q_, u"P\_M_[J\P "U_QVUP[VaR_cQ_c]c[V
0)6,J 6", -,R0,- OF¥/,J N) )JO¥,I3 6", .NJ9
R_QTUV™[V] [VP_RcaP[UV cVcXKQ[Q [Q P_RW[VcP_~
00-6", ,-(, &l ROO™@ -,",6,-#

4 Experimental Results

g_TR Q VP _LT R[W_VPcXR_QOXPQ "UR RUbOQP T_9
~_QPR[cV [VP_RcaP[UV cVcXKQ[Q OQ[V] PMU ~cPcd
Q_PQ M[P\ “[* R_VP acW_Rc TXcPAURWQ cV™ ~["9
MR VP Qa_V_Q, J\_ “cPcQ PQ cR_ " _QaR[b_~ [V
P\_V_LPQ aP[UV, 3" RMcR™Q P\_R_QOXQ Q\UM
16(0¢R.006 I.,0,1 00- -, ENOIGJOG, 6, IN/FI69
V_QQ U» UOR cTTRUca\,

sb; Datasets

4", RJIG-0601,6 FI,- -NOGOgOI &1 0(, I,KF,0.9
_QacTPOR_~ "RUW c i }h UaPUaUTP_R TXcPAURW,
4%, ¢10(,1 D,J, 60$,0 )N 0 Q@O( *,&("0
UM F: W M[P\ ¢ ncvVeQuV[a zq{9r F'" acW_RcE
R_QOMP[V] [V c JRUOV™ R_QUIOP[UV UM ~,: aW, J\_
MRcW_ReP_ UMP\_[Wc]_Q SO Va Q[Q~wJ, j\_
acTPOR_~ Qa_V_Q aUVPc[V WUR_ P\cV ~. ~[* R9
_VP Qa_VcR[UQ UM T_~_QPR[cV JRUOT b_\cN[UOR
[V S[™R_VP aUWTX_L[PK X_N_XQ, §\_ T_~_QPR[9
cVQ M_R_ [VQPROaP_~ cbUOP P\_ Qa_VeR[UQ [V ¢™9
NcVa_+ \UM_N_RE P\_ [VAURWCP[UV McQ R_"0a_"
PU ¢ W[V[WOW [V UR™_RPU TR_Q RN_ VcPORcK b_9
\cN[UOR, J\_acTPOR_~ Qa_V_Q aUVPc[V Q[WT_
Qa_VcR[UQ QOa\ cQ aUWWUVXK McKY[V] T_~_Q9
PR[cVQ bOP cXQU aUWTX_L Qa_V_Q X[Y_ c bUPPX_9
V_aYE aRUQQ[V] T_"_QPR[cV JRUOTQ cP ~[* R_VP
N_XUa[P[_Q URcV _QacT[V] Q[POcP[UV, J\_Q_auv™
“cPcQ P[Q ¢V [We]_Q SO Va_ PcY_V bK cV c[R9
bURV_ acW_Rc TXCP"URW UM P\_ w_RWcV } RU9
QTca_{ VP RDzr ", j\_[Wc]_Q SO Va_auv9
Pc[VQ ~- "ReW_Q PcY_V cP ¢ "ReW_RcP_ UM/ v,
4%, (INFO- J,IN'FGNO ¢l M6 T 06 0 Q@L0(
\_[J\W U~ .. W, J\_cR_cUM[VP_R_QP[QcQuad

a_RQPc[OW M\ _R_P\UOQCV QUM T _UTX_cR_cT9
TRUca\[V] P\_ JcP_Q,

XURP\_ _LT_R[W_VPck R_QO¥PQ M_0Q_T_~_Q9
PR[cV PRcZ_aPUR[_Q M\[a\ M_R_ ] _V_ReP_~ WcV9
OcifK "RUW P\_ [Wc]_ Q SO_Va_Q b_ac0Q_ M_
NJa0Q UV R_cX[QP[a PRcZ_aPUR[_Q cV™ P\_ TUP V9
P[cX UM UOR JReT\9bcQ ™~ N VP~ P aP[UV QKQP_W
AUR R_cX[QP[a T_~_QPR[cV b \cN[UOR, VUM_N_R
UOR _N_VP ™ _P aP[UV QKQP_W [Q cbX_PU ~_cX M[P\
TUQQ[bXK [VaUWTX_P_ cOPUWCP[acKkK ] _V_ReP_~
PRcaYX PQ b_acOQ_ P\_ T~ QPR[cV [VP_RcaP[UV
JReT\ acV ~_cX M[P\ a\cV][V] PUTUWU]K [V ¢
QPRC[] \P'URMCR™ MK,

s6. Event Detection Results

J\_ _N_VP " P ap[UV R QOPQ AUR P\_ i }h ~cPed
0_PcR_Q\UMV [V x[]0Q, "* cV™ 7¢ [Vai0~[V] ¢ a1
UORbcR M\[a\ ~_T[aPQ P\_ aUIUOR Xcb_XQ AUR P\_
_~]1_QaURR_QTUV™[V] PUP\_ WUP[UV TcPP_RVQ, uV
X[1, "t ¢ JRUOT UM T_~_QPR[cVQ TcQQ_Q ¢ VCRRUM
bUPPX_V_aY D*RcW _Q " -E > ¢V~ ~/ cR_ Q\UMV",
OO0R _N_VP ~ P aP[UV QKQP_W QOaa_QQ"ONXK ~_9
P_aPQ P\_ PKT[ack WUP[UV [VP_RcaP[UV a\cRcad
P R[QP[aQ, p_[1\DUOR[V] T_~_QPR[cVQ ZQRH[NY[
cV™ e TU PUMCR™Q P\_ bUPPX_V_aYE M\[a\ [Q [19
YOQPRCP_™ bK URCV]_ cV™ bXO_ _“]_Q [V "ReW_Q
" eV -, n_"_QPR[CVQ MU \cN_ TcQQ ~ P\_ JcT
VIHINY[ V™ € TU e\ cTEM\ R cQP\_T_~ Q9
PR[CVQ cP P\_ bcaY UM P\_ JRUOT \eN_ PU KI[I[
MR ¢ M\[X_ [V ReW_ >, uV X[], 7E c aURR["UR Qa_9
VeR[U UM PMU McXY[V] JRUOTQ McXY[V] [V UT9
TUQPP_ ~[R_aP[UVQ [Q Q0aa_QQ OXK ~_P_aP_~, J\[Q
Qa_VcR[U [Q a\cRcaP_R[J_~ bK PMU cTTRUca\[V]
cV™ [VP_RVCHK zQRHNYIRY JRUOTQ [V M\[a\
P\_bcaYWUQP T_~_QPR[cVQ c]c[V \eN_PU KII[
b_acOQ_UP\_ VCRRUMV_QQ UMP\_ aURR[“UR, j\_
MURWeP[UV UM eV_QE M\[a\ \cQ ciR_c K b__V[V9
N_QP[1cP_~ [V Vyrupw _PcX D/. .~"EacV b_aUV9
RIT,-/@6", "40,0J"@ 0JJOO(, - ¥ NGENO LOGG,JO
e TUIRY ¢V~ P\_ UTTUQP_XK cRRcV] ™ WUP[UV
TcPP_RVQ ZQRH[NYIRY cV™ WIH[NYIRY D'ReW_Q F
cV: ~,

J\_R_QOXQ"URP\_QUaa_RQPc™[OW Q_SO Va_
CR_TRQ VP_~[Vx[]Q, : cV™ -,00R_N_VP~_P a9
PIUV QKQP_W [Q RUBOQP [V P\_ acQ_ P\cP [VP_RcaPd
[V] T_~_QPR[CVQ ~_TCRP "RUW _ca\ UP\ R "UR ¢
Q\URP P[W_ bK cTTXK[V] P\_ vaq bo™ R j\[0
INZFIGO, 11 &1 ,B, TL"¢R, - 40 <&(#6AG", GNL IND
aUVPc[VQ P\R__ aUVQ_aOP[N_"ReW _Q Urc T_~_Q9
PR[cV [VP_RcaP[UV JRET\ M\ R_ "1 Q b PM_V
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VU™ _1¢V VU™ Q:cV™ -cR_VUPTRQ VP[VP\_
W[ X "ReW._, §\[Q JReT\ McQ TRU™0a_~ M[P\9
UoP P\_ vgq bOo™ R, j\_ bUPPUW RUM Q\UMQ
P\_ JReT\ M\[a\ McQ TRU0a_~ M]P\P\_vqq
bOM R, v REP\_ aURR QTUVT[V] _~]1.Q _L[QP
Q0a\ P\cP ¢ aUVP[VOUOQ cV™ RUbOQP cVcXKQ[Q ur
P\_ [VP_RcaP[UV b PM_V P\_ T~ QPR[cVQ :E -

cV> LacV b_ T RURW. >, wV x[], £ KI[I[IRY
T > QPR[CVQ cR_ QOaa_QQ'OMK P aP_“F M\[a\
[0 “[0TXcK > bK P\_ KJXUM 1.0 “OR[V] P\_
M\UX_ Q SO Va_, KUW_ T > QPR[CVQ cR_ TcQQd
[V] \_SO_O_cV> T_R\URW WOWP[TX_ [VP_Rcad
PIUVQ ~0_PU”R__“UW UM WUP[UV, ZOR[V] P\_Q_9
SO_Va EP\_ ™ VQPK[VP\_VCRRUMcR_cb PM_V

Standing

‘ Queuging
Walking
Running
Diverging
Converging

Fig.3: uFX0l YXIXZINO KXJHII MK]PXJ )+ 3+ - JOY ;.& INK IUX dyc Y]1]IXI JUNETOV ] [NIIIXOXZR

JZXOJKIN T0 1UX HMEJKYJ EJ(RTOV MXYXJIKT]O VKNHMG

Fig. 4: uFXO0l YXIXZINO KXJH)I NK]PXJ -+ $t =t ;; JOY ;st INK [UX dyc Y]ITIXI JUNETOV ] ZNKKTYNK
JZXOJKIN [XIEXXO IEN JOIM]K]0X) EJIRTOV MXYXJIKT]O VKNHMJ6
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Fig.5: eNM| MXYXJIKT]O TOIXK]ZITNO VKIMU ETIUNHI ¢ B B [HiiXkz [NIINP] VKIMU ETIU g i B [HIIXK;

Standing
Queuveing
Walking
Running
Diverging
onverging

Fig. 6: UFXOI YXIXZIINO KXJH)l NK]PXJ .+ 3+ ;<+ ;5 JOY ;3% INK IUX INZZXK JIJYTHP Y]1]IXI JUNETOV
MXYXJIKT]OJ M]JJTOV T LHXHX 10 ] OJKKNE JKX] [C ] E1(6

P\_ SO 0_cV™ P\_ McX UV P\_R[I\P R[Q_Q cV™
P\_ N_XUa[PK ~_aR_cQ_Qt M\[a\ [Q [XXOQPRCP_~ bK
WUR_cV> WUR_ KITI[IRY TcPP_RVQ[VP\[QcR c,
§\_R_QOPQ ~_WUVQPRCP_P\_ TUP_VP[cX U UOR
QKQP_W AUR JRcT\ bcQ_~ _N_VP ~_P_aP[UV bK cV9
cXKJI[V] WUP[UV [VP_RcaP[UV [V JRUOTQUAT_™_Q9
PR[cVQ, §Q[V] vaggEP\_Q_SO_VP[cX b_\cN[UOR
UMWUP[UV [VP_RcaP[UV b_PM__VPMU T_~_QPR[cVQ
acV R_I[cbiK b_ cVeXKJ ™, j\_ Q[L WUP[UV TcP9
6,J01 D, "OE, -,RO,-J,LJ, 1,06 "F¥00 ¥NGNO
b_\cN[UOR [V ¢ Q[WTX_ WcVV_RE Q0a\ P\cP cR_cQ
N) *NIN(,0,NFI /,"0ENFJ 01 D,™ Ol IL, .¢R.
b_\cN[UOR U UVXK ¢ * M T_~_QPR[cVQ acV b_ [V9
A RR_T, UV QUW_ "RcW_Q UOPK[_RQ UMP\_ TR_~UWY
[VCVP WUP[UV TcPP_RV AUR ¢ aUVP[VOUOQ T_~ (9
PR[cV [VP_RcaP[UV cR[Q_, §\[Q [Q acOQ_~ bK P\_
[VZIN[TOcX "R__~UW UM WUP[UV UM T_~_QPR[cVQ,
K[V]X_ cV™ WUW_VPcRK NcR[cP[UVQ UM WUP[UV
[VP_RcaP[UV [V aRUM™_~ Qa_V_Q \cN_PU b_ L9
T_a_ ", j\_XUM"RcW_RcP_UMP\_ i }h “cPcQ P
&l IF)R.&,06 6N -,JéE, TNGINO ),06FJ,1 D*¢."
CR_0Q_~AUR_N_VP~_P aP[uv,

5 Conclusions

uV P\[Q TcT_RE M_ TR_Q_VP ¢ V_M cTTRUca\ "UR
P\_ cVcIKQ[Q UM T ™ QPR[cV [VP_RcaP[UV cV®
_N_VPQ [V aRUM™_" Qa_V_Q, g_ aUVQPROaP ¢ T_9
" _QPR[cV [VP_RcaP[UV JRCT\ [V M\[a\ VU™_QR_T9
R.Q VP cXX T_"_QPR[cVQ [V c Qa_V_cV™ _"10
R_TR_Q_VP WUP[UV [VP_RcaP[UV b_PM__V V_T]\9
bUOR[V] T_~_QPR[cVQ, J\_ JRcT\ acV a\cV]_
[PQ PUTUXUTK ~OR[V] P\_Q_SO_Va_cV" [Q RUbOQP
0(0t0I6 QF.GFOGO( 00- L0J6"@ -,L0J6tO( L,9
~_QPR[cVQ, F Q_P UM Q[L OV[N_RQcX WUP[UV TcP9
6,J01 & -,R0,-3 -,1.J8/80( 6", 6@L, N) &06,39
caP[lUV M\[a\ [Q P\_V " P a* ~ bK vqq, 9_
_LP V™ P\_ WUP[UV *_cPOR_Q UM TR_N[UOQ MURY
bK P\_ QackcR TRU™0aP U WUP[UV ~[R_aP[UVQ cV™
0 J,R0,- -,01%@ .0".F"0GNO3 1,JEEO(C O1 N/9
Q RNCP[UVQ "R P\_vqqg, g_0Q cV M ith
“cPcQ P AUR P\_ _NcXOcP[UV UM UOR _N_VP ~_P_a9
PIUV QKQP_WE cQ M_XX cQ cV c_R[cK “cPcQ_P UM
QUaa_R QPc™[OW, J\_ TRUWI[Q[V] R_QOXPQ Q\UM
P\_ TUP_VP[cK UM UOR cTTRUca\ PU [VP_RTR P T 9
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s_KMUR™Q5 '_VIV™"egl XgTTW i FgWic QglV PNge\"W™i elgPP'vegh™Wii AC™ ;)i <g_gF FgPWi

Sinai, accuracy assessment

KOWWCRK5 * b AcKgWebc (TgebfVQWb * hQXgZ
> X'PPVW gWe ) bubelvW ) geVXblibg "AC" ;). _gP
“g"Whc "XTVQNgWeb aVvQ Z_VIV™"egl XgTTW™ VKhQ
the last decade. Its suitability for creating a litho-
logical map of the Dahab basin in south eastern Si-
nai in Egypt is studied and presented in this paper.
9VQ elgPP'veg"VW gWc c"PeQ"X"Wg"VW Va c"aabQbWN
rock types spectral features, in particular band ra-
\"WPi gQb LPbc A WbJ fgWc Qg"V Pge\"W™ JMW_ g
false colour composite created by the ratio stack
"Xg~b "[E,i hE[i ddtdh. *P TQVTVPbc aVQ c"aabQbWi"g-
tion between younger granitoids and older grani-
toids in the southern and central part of the study
gQbgs ?gWc Qgi*VP 7EF gWe FEh _gKb NLQWbc VLN WV fb
KbQH PLMgfZh aVQ cPeQ"X"Wg™"W™ FhNIbbW egXQrgW
rocks and upper cretaceous rocks in the northern
TgQN Va PNLcH gQbg 9*hzc "WKbPIA™ gli"VWP g c aabQbWii
IVeg\"VWP Va i_b PNLcH gQbg _gKb fbbW egQQ"bc VLIV
aid in the interpretation and analysis of the ratio
Plige\ "Xg~bP8 "V~bN_bQ IM_ gKg'lgflb ~bVIV™"egl
maps the ground truth data is taken into account for
selecting training areas and for creating a new map
LPAW™ XgI"XLX I"\bZ*_VVc eIgPPvegl"VWB AW geel-
QgeH gPPbPPXbWN Va N_b eZgPPMveg"VWW QbPLZN IW_ Qb-
spect to the regional geological map created by
;8(OA "dYYh. gWc N_b 2VegZ gQbg XgTP Va V3kkyp
bl g8 ">MM7. gWc yr O3kie bl g8 ">MMj. "WceghbP
VKbQgZZ geelLQge*bP FbNJIbbW [j- gWc YhzB8 AW
ge_"bKbXbWN Va N_"P PNLcH "P g IM_VIV™%egl XgT
J_"e_ bllbWcP N_b ;8(OA XgT fH gccW™ PVXb
rock units such as ring-dykes at Wadi Ferani and
XblgPbc"XbWii ge’cte XbligkViegW'eP gWc fgP'e
XbligkVzegW"eP "W #gc" (ggZ gWe #gc ) gXI_H
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dOQcWW_VAcQQOV]5 qiKXQTQYILAXL r " NKW[NIRY \[L
vy X"_ {[M[RL IS i#\=1IR"Il TAYEPK[R4 SIK |i=
hxj=y K[R8 OM cbX (bWPVQPHPIbX A(" ;) "Ac-
KgWebc (TgebfVQWh ® _bQXgZ ; X"PP'VW gWc )bube-
VMWW ) geVXblibg. JbQchw P 9bFQLgQ >MMM <ghbW
aufgezeichnet, die einen Beitrag zur detaillierten
lithologischen Kartierung leisten konnen. In die-
PhX AQN™\bZ JMc cb ;A TWLW™ KVW ACT ;) apQ cb
Herstellung einer lithologischen Karte des Dahab
?be\bWP *X (pcVPIbW chP ("Wg" "W ¢ ~HTNobW LWNbQ-
Ple B KLQ 3IgPP"vG'bQLW™ LWc <"P\Q*X"WbQLW™
KbQPe_"bcbWbQ 8hbPNb"WPgQbW JbQcbW gLP cbW dh
A" ;)2?23WchQW gLP™bJ}_2ib PTb\NQgZb ObQ\Xgzh
"SWeb1f"zchQ. KhQJIbWebli JVapQ b"WGhzWb ?}WchQ
GLb"WgWchQ "WP $bQ_}2WAP ~bPbNGN JbQchWs <"b 5W-
chlfIchQ chQ ?gWckbQ_}2N\WAPPb FE7 LWc heF _gfbW
Phe_ gIP Pb_Q “bb" Wb apQ c*b %WibQPe_brcLW™ GJI*-
schen kambrischen Felsen und oberen Kreidefelsen
"X WtQczhe_bW "b"Z cbP %WNbQPLe_LW™P~bf"bNbP b-
wiesen. Mit den zu einem Falschfarbenbild zusam-
XbW™bPbNGNbW ?gWeKbQ_}2NW"PPbW "[E,i hE[i ddtdh.
wird eine bislang zur lithologischen Kartierung
Whe_Il KbQJIbWeblib 3VXF WV KVQ bPe_Zg~bWi c"b
Pe_ GLQ <"aahQbWG*bQLW™ GJ*Pe_bW cbW JpW™bQbW
LWe }2ibQbW 8QgW™VAchW A X Ppcze_bW LWe GbwhQgzbW
"b"7 cbP %WNbQPLe_LW™P~bf"bllbP FhPVWchQP b*™WhiB
9bIcthb™h_LW bW cbP %WibQPLe_LW P~ bFbbP c"bW-
NoW PVIV_Z cbX FhPPhQbW $hQPNFWeW"P cbQ GL AWibQ-
pretierenden Bilder als auch der stichprobenhaften
;0agPPLW™ KVW 8QVLWc2™QLN_2<glbW apQ c*b 31gPP"-
VvG'hQLW™B 5W b"WhX apQ c'b "X <g_gf ?he\bW KVQ-
kommenden Gesteinsarten optimierten Prozess
wird eine neue lithologische Karte durch Maxi-
XLX21M\b"_VVe231gPPrvGhQLW™ chQ 5Wehlf*zchQ
und eine entsprechende Nachbearbeitung erstellt.
$VQ_gWechWb “bVzvV=*Pe_b 3gQibW ";8(OA dYYhi
V3kkyp et al. 2007, yr g3kie b\ g8 >MMj. JLQcbW
apQ cb ALPJg_Z KVW =Qg"W"W™P~bFbNbWi *WPFbPVW-
dere auch zur Validierung der erstellten Karte her-
angezogen. Die Beurteilung der neuen Karte er-
avZ'llb gW_gWc KVW 3VWaLPVWPXgNQ*GhWi c'b glLa
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b"Wh z FhQb"WPNAXXLW™ XMW cbW KVQ_gWchWbW 3gQ-
NbW GJ"Pe_bW [j = LWc Yhz= _"WchLNbWs <"b WhLb
Karte erweitert zudem die amtliche geologische

;8(0OA23g0Nb LX )W 2<H\bP "X #£gc* 9bQgW*
und um Metasedimente sowie um saure und basi-

Pe_b ODblNgKLZ\gW™b "W cbW ##gc"P (ggZ LWc ) gXN_H

; POIKNYHZITNO

AN_VL™_ )bXVib (bWP"W™ Nbe_W'RLbP _gKb
VTbWbe WbJ JgHP avQ XgTT"W™ IW_VIV™H VKbQ
the past three decades, the geological maps
of the Sinai Peninsula were created based on
eVIWKbwitviWgz ~QVLWe PLQKbHP JIM_ PLMgfzb
vbic VFPbQKgi"VWPs A PlgWegQc TQVebcLQb JgP
NV TQVFb gZVW™ NQgKbQPb Z*WbP g Qb™LZgQ "WibQ-
KgZP gWc NV TZVN N_"P TVAWN "WavQXg"vW VW g
NVTV™QgT_"e XgTB *_b vWgZ “bVZV™*egl XgTP
N_bW _gKb fbbW eQbglbc fH MNbQTVZghW™ N_b
point information and cartographic post pro-
cessing. By interpolating the sparse point data
"W g XgTTW™ gQbg ebQlig"W bQQVQP gQb LWgKV"c-
able and lead to inaccuracies in the map. With
remote sensing data the mapping procedures
_gKb LWchQ“WWh P WAvegW e gW'bP " b
gKg'Zgf Z™MH Va " QbPVILMVW XLZ"PTbelQgZ
and hyperspectral data has further increased
the potential of remote sensing in delineating
the lithological contacts and geological struc-
tures into greater detail and with better accu-
QgeH "zrite dY[7.8

A Xg"W TLQTVPb Va N_b AcKgWebc (Tgeb-
FVQWh = _bQXgZ ; X*PPWVW gWe )bubel™W )g-
cVXblbQ "ACT ;). XPPVW P WV bIlbWe N_b
understanding of local and regional phenom-
ena on the earth surface and its atmosphere.
8VgiP Va “hViV™"e QbPhgQe_ LP"W™ A(" ;) gib
summarized by Woqyd b\ g8 ">MM, .8 * _bH TLN
the focus on the “study the geologic phenom-
ena of tectonic surfaces and geologic histo-
ry through detailed mapping of the Earth to-
pography and geological formationi. For the
discussion of the importance of the different
AC" ;) JgKb FgWeP N_b FbaVQb Xbwi*VWbc gL-
thors refer to early work of Spunrupw "dY7M.i
Vipj "dY77i dY7Y.i gWc k3 rukp i ne bl g8 "dY[7.0
X" _b K"P"fZb gWe WhgQ "WaQgQbc "$/5). JgKb-
ZoW™N_ Qb™ "W TQVK"chP PVXb "WaVQXgi"vW aVQ
N_b TQbPbWeb Va Kb~ bNgh"VWi VW VI*chP "_bXg-
™bi ~VbN_"bi JgQVP™ib. gWe QgQb bgQN_ bzbXbWiPs
" _b P_VOQNIgKb "WaQgQbc "(#5). JgKbZbW™N_
Qb™ "W gPPbPPbP FhgQ"W™ X"WhQgZP "eZgHPi T_Hi-
IVP'Z'eglbPi . gWe N_b N_bQXgZ "WaQgQbc "*5).

JgKbzbW™N_ Qb™"VW ThQXMP NV cPNMW™ LAP_ PAZA-
cates and carbonatesi.

" b PNLcH gQbg "<g_gf fgP"Wi ("Wg". "P 7V-
cated within an arid climatic belt that crosses
WVON_bQW AaQegs )Ve\P cVX"Wglb N_b gTThgQ-
gWeb Va N_b ZgWcPegTh J_"e_ "P PTgQPbIH eVK-
bQbc fH cbPbQN Kb~ blg"vws * b ~VgZ Va N_"P
PALCH AP NV JVQ\ VLN cblgZP Va g eZgPP*vegh"VW
gTTQVge_ avQ "XTQVK™W™ N_b bI"P\"W™ ~hVZV™"e
map in the Dahab basin. It further intends to
point a way forward for updating the geolog-
ical maps of the southern Sinai Peninsula as
well as for the geologically similar regions in
Egypt’s eastern desert and in the western part
Va (gLc" AQgf"gs A PbeVc QbgPVW aVvQ ~bWhQgh-
ing the geological map in this study is to pro-
K*ch gW LTcglbc FgP'P aVQ _HcQV™hVZv™"egZ "W-
KbPNA~ g\"VWP Va N_b <g_gf fgP"WB

OXJIXY ENKR

A(" ;) cglg _gKb fbbW PLeebPPaLZH LPbc "W
geological mapping since early 2000. In com-
TgQ"PVW NV 1gWcPgh " O cgligi A(™ ;) cglg _gP
N b gcKgWig™b Va eVXFWAW™ J*ch PThelQgZ
eVKbQg b gWc _"~_ PTgl"gZ QbPVILIVW AW N_b KAP-
ible and infrared regions which makes it at-
NQgelKb aVQ ~hbVIV™"egl XgTTW™ "08™B Vygkop
et al. 2001, Jyzyrr >MMd.8 €3q3wi{vu & P3uio
">MMj . PLc*bc PTheNQgZ "Web 1 AXg™bP avQ ZM_V-
logical mapping. Index images are found by
g "WhgQ NQgWPaVQXgl"vW Va QbubelgWeb KgzLbP
Vall_b vKb A(" ;) (#5) fgWePs *_b "chg Va
this transformation is to direct the transforma-
tion axes to the spectral pattern of the target
X"WhQgzP8 * b egleLigibc "Wc'ebP gQb WgXbc
according to the minerals: alunite, kaolinite,
egZetb gWe XVWNXVQrZzZViwbs AW gcKgWig™b Va
this approach is that the transformation coef-
ve'bWIP gQb WVN PebWh chThWchWis A PAXLIghbc
A(" ;) cgligPbl JgP LPbc NV TQVKb N_b LPbaLz-
ness of the spectral index images.

Some studies used band ratios and the spec-
NQgZ LWXMMW™ Nbe_WARLb gTTZ'bc WV (#£5)i
"5) gWc bX"PPKMWH cglg Va N_b =5) fgWcP
NV AXTQVKb N_b XgTTW™ Va N_b PbcXbWg-
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QHi XbNgPbc"XbWigQH gWc KVZegW*e gQbgP8 9VQ
example, {iz3}ve & Vygkop ">MM>. c"PNW-
guished some minerals in epithermal, porphy-
ry and skarn groups by using the band ratio
technique. }1zyyp b\ g8 ">MMd. LPbc A(" ;)
fgWe Qgi"VP "hE7i hidi >Ej&hE]. gWe "hE7i jEhi >Ed.
avQ XgTTW™ VT_NVIMbPi XblgPbc"XbWi KVZ-
caniclastics, and granitoid lithologic units of
N_b AZZgR" PLNLQb "W N_b PVLN_bgPNbQW TgQN Va
eastern desert of Egypt.

W3z & Sikse ">MM7. QbeVXXbWcbc NV LPb
fgWe QoWWP "hE7i hEFi hedM. aVvQ XgTT'W™ K_b
granite and metamorphic belt of the Wadi Kid
area of Sinai and for mapping metamorphic
QVe\P "W N_b AQgf"gW ZLFgW (_*hic gWc VN_hQ
arid areas. Byz3 bl g8 ">MdM. LPbc fgWc QgN"VP
">Uh.Eji ",U7.EFi "7UY.E[ W c"PeQ"X"Wglb Fb-
tween different ophiolitic and granitic rocks in
the central eastern desert of Egypt. O3z3pu &
Yaxq ">MMY. "WKbPN*glbe N_b fgWe Qgi'V eVX-
TVPAb “[E,i ,Ehi 7E[. NV c"aabQbWi'glb FbNIbbW
gZ\gZ" ~QgW™bP "HVLW™hQ ~QgWMVcP.i ~QgWvc™-
VQ™bP gWe RLgQNG c"VQMib "VZc ~QgWMVACP. "W K_b
Wadi el-Hudi area, which is located in south-
eastern desert of Egypt. Q3 1u bl g8 ">MM[. LN"-
2"Gbe N_b "FE[i hE[i gWe ddedh. fgWe Qgv *Xg™b
NV c'PeQ"X"Wghb N_b FgPbXbWN QVe\P "W N_b AQg-
agh gQbg Va N_b #bPNbQW AQgf"gW (_"bci (gL-
c" AQgfgi gWe eQbglibc g didMMIMMM ~bVZV™"egZ
map. Inspired by the work of Q3z3pu & Ya3q
">MMY. gP JbZZ gP m31u bl gZ8 ">MM[. g WbJ FgWc
Qo eVXFWoNW "[E, i he[i ddtdh. "P TQVTVPbc
in this study. Details for this new band ratio
Pge\"W™ gQb ~"KbW "W Pbel"VWP h gWc ,B

O3 rzvoxx bl g8 ">MM[. LPbc 6HThQ"VW cglg
and hyperspectral analysis techniques like
the minimum noise fraction transformation
"O/9.ill_b T"IbZ TLQ™H "Web 1 Nbe_W"RLb "++5.
gWc N_b PTheNQgZ gW™Zb XgTThQ eZgPP vegh"vW
"(AO. aVQ “hVZV™"egl XgTTW™ gWc eVXTglbc
MOIM_ ACT;) cglg elgPPvegi™VW QbPLZNPS
" _bH eVWeZLcbc N_gi_b A(" ;) cglg gizZvdbc
g XVQb chlg'zbc eZgPP*veg\"vW Va N_b PLQageb
eVXTVPNVW Va N_b PNLcH gQbgs = _"P P TgQ"eL-
larly noteworthy because Hyperion excels by
NP >>M eVWNA™ LVLP PThelQgZ fgWeP J_"e_ eVKhQ
the spectral range from 400 nm to 2.5 um at
a ground resolution of 30 m. log}p & 31k
">MMj. LPbc "W PML XhbgPLQbXbWNP Va PThelQgZ
Qbubeligeb eLQKbP aVQ egZfQgv™w™ N b $/5)
fgWeP Va A(™ ;DB IM_VIV "egl XgTTW™ JgP
carried out by selecting and introducing im-

g b PThelQg Va KgQ*"VLP IM_VZV™"egZ ~QVLTP AWV
elgPP'veg™vVW TQVcLebPs vygkop bl g8 ">MMd.
PiLcbe g Qb™VIM_ gWe g2ibQgivW gQbg "W ALP-
NQgZ*g gWe P_V3bc _VJ NV "XTQVKb gW bI"PNAW™
didMMIMMM ~bVZV™tegZ XgT IN_ A(" ;) cglig
9VQ N_b"Q "WKbPN"~gi"VWP N_bH QbZ*bc VW TQbK"-
VLP PLQKbHP LPMW™ g"0fVQWh 6HOQT QbeVQc"W™P
Va K'PFZbi P_VQNIgKb gWe N_bQXgZ 5) fgWeP
gWc PTheNQgZ XbgPLQbXbWNP eVizbelbc "W vbic
egXTg""WPs ® _bH eVWeZLcbc N_gN N_b"Q bIThe-
MXbWNgZ QbPLZWP "Wcteghb xN_gh A(™ ;) eVLIc
c"PeQ*X"Wghb X"™WhQgZ ~QVLTP WVN ge_"bKgfib
aQVX 1gWcPgh * Oi N_VL™_ XVQb TQbe"Pb X"W-
eral species mapping is not possiblei.

In the next section background information
about the location of the study area and the
oKg'lgfib A(" ;) cglig P “"KbWB * b “hVZV'H
of the study area is outlined in section 3. In the
following two sections 4 and 5 the approach
pursued in this research for creating a litho-
logical map of the Dahab basin is presented
gWe TQVebPPW™ Val_b A(" ;) cglg LPW™ fgWc
Qg\"VP gWc PLThQK"Pbc elgPPveg"VW "P c’P-
eLPPbc "W N_b eVWNbIN Va N_b ge_"bKbc QbPLZNPB
Section 6 summarizes an accuracy assessment
of the generated map and presents conclusions

Vall_b ge_"oKbXbWiPs

mNZ]ITNO NIl lUX FIHYC yKX] 10Y
yfeug v]l]

" b <g_gf fgP"W P eVWP*chQbc gP VWb Va \_b
major hydrographic basins along the Gulf of
ARgfgd = _b fgP"W "P ZVeglbc "W N_b PVLN_bgP\-
ern part of the Sinai Peninsula and is bounded
by Latitude 288 22’ 43.41 and 288 52° 18.51
/ gWc VW MLcb jjm ,,C hFBYw gWc jhm jdC
28.81 E. It occupies an area of about 2080 km?
"9""Bdi Zball.8 5N "P FVQchQbc FHN_b 8LZa Va ARg-
ba to the east, Gebel Gidid, Gebel Sheikh El-
AQgT gWc 8bfhz 9bQgW™ W N_b PVLN_i 8bfhz %X
AlgJdhi 8bfbl %X 1VG6 gWe 8bfhz 6gXgX* IV
the west, and Gebel Bradi and Gebel Gunah to
N_b WVQN_ "9 Bdi Q" _N.B 5N "WeZLchP PVXb Xg"W
wadis in South Sinai as Wadi Nasab, Wadi
D9XI_Hi ##gc" (ggli #gc" kg™ _Qggi gic #gc"
El Ghaieb.

A(" ;) cglig gib VaabQbc g KgQ"VLP TQVebPP-
W™ ZbKbzP§ 1bKbz2dA cglg gQb QbeVWPNQLelbci
unprocessed instrument data at full resolution
which consist of the image data, radiometric
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gWc “bVXblg'e eVbavebWiP gWc VN_bQ gL1-
"gOH cgllg IM_VLN gTTZHW™ _b eVbave'bWip 1V
the image data to maintain the original data
KgZLbP8 * b 1bKbz2d? cglig gob ~bWbQglbc gT-
TZHW™ N_bPb eVbavebW\P aVQ Qgc'VXbliQ'e egZ’-
FQgi'VW gWic ~bVXblig'e 0bPgXTZW'B = _b PebWb
LPbc "W N_"P QbPbgQe_ "P A(" JAd nd, fgWcP n
SMMF J_"e_ "P g 1bKbI2jA cglg TQVcLels = P
PV2egiibc "hQQg"W =VQQbelVW 5Xg b "WelLchP
1bKbz2d? *Xg~b cglig TQV]belbc "W % * O GVWb
JF "#8( [h. 3_"e_ gQb VQN_VQbeNvbc LPMW®
g <;O8 "_b PebWb eVKbQP gW gQbg Va FM fH
60 km? which apart from a small area in south-
east encloses the Dahab basin completely.

" b TQVTVPbc TQVebcLQb avQ M VIV egl
XgTT"W™ VaN_b PNLcH gQbg LP"W™ A(* ;) cglg
"Phel™VWP h gWc ,. Xg"WzH Qbz2*bP VW N_b A(-
;) TgWeP hi ,i Fi 7i [i dd gWc dhs *_b PThe-
NQgZ QgW™bP Va_b jM X QbPVILNVW (#£5) FgWcP
Qb dBFMMnds7MM y X "fFgWe h.i >8dh, n>id[, yX
"fgWe ,.i >kd[,n>8>>, yX "fgWc F.i >>j,n
SB>[, yX "fgWe 7.i gWc >B>Y, n>jF, yX "fgWc
[8 " _b =5) fgWcP dd gWc dh QbeVQc bX™ibc
QgcrgvVW "W N_b JgKbZoW™N_ QgW bP [3h7,n
[B[>, yX gWc dvBY,nddsF, yXi QbPThel"KbiH
" b PTgi"gZ QbPVILIVW Va N_b =5) fgWeP P gi
YM X ~QVLWc T*IbZ P"GhB

) rXNINVC NIl IUX VU] [ x]J70

" _b "bVIV'H Va N_b <g_gf fgP"W "P c"PeLPPbc
by many authors such as Viqy "dYMF.i k3uz
"dYF>.i koruig}p "dY[F.i Yr Kv3xyu bl (oY "dYy>.i
Sol} & Wypyzu "dYY,.i d3r3jy bN g8 "dYY7.i
yr qzkie b gB ">MMj.i gWc V3kkyp et al.
">MM7.8 " _b PNLcH gQbg "WeZLchP XgWH Qve\

NHTbP J_"e_ egW fb PLfc"K'chc geeVQc'W™ NV
their age into basement rocks and phanerozoic
rocks. In this section the published knowledge
on the geology of the basin is summarized
with respect to the occurring rock types and
its forming minerals.

" b QbubeligWeb PThbelQg Va X"WhQgzP gQb Jbiz
\WVIW gWc eghgzVv™Lbci b8 8 "WN_b %(8( <"**-
NgZ (ThelQgz 1"FQgQH "{'r31s b g8 >MM7.8 = _b
fact that rocks are a complex mixture of mate-
rials limits the direct utilization of those spec-
NQg avQ Qb X Vb PbWPMW™B ™ _b LPb Vall_b PThelQg "P
further lowered by the fairly broad bandwidth
gWe N_b PXgzz WLXFbQ Va PThelQgZ fgWeP Va A(-
";)8 "_b e _gubWb avQ N_b QbXVNb PbWPW™
gTTQVge_ "P NV gWgzHPb N_b QbubelgWeb Va N_b
XMhQgZ X" QbeVQche fH N_b A(" ;) fgWcPs
For example, the spectral characteristics of
different rocks in the thermal infrared shows
g c"Qbell chThWcbWeH VW \_b PA2"eg "RLgONG. eVW-
NOWNP "So | 3e3kvu bl gZ8 >MdM.i PV N_gN N_b A(-
;) "5) TfgWeP Iz QbKbgZ RLgQNG2QbZgbe "W-
avQXg"vW gFVLN N_b QVe\Ps 6VJ WV QbKbgZ N_b
QVe\ PTheve "WaVQXg"™vW gWe _VI NV b ITZVA N
JIN_MW g eIgPPveg"VW Pe_bXb avQ I VIV~ "egl
mapping will be discussed in sections 4 and 5.

)6; Basement rocks

" b ;8(0OA XgT "9"B>. P_VJIP N_g\ fgPb-
XbWh Qve\P gQb N_b TQbKgzbWi QVe\P "W N_b FgP"W
area, in particular in the southern and the cen-
tral part of the basin. Basement rocks can be
caabQbWi"glibc MWV A~ WhVLP QVe\Pi J_"e_ eVKbQ
XVQb N_gW 7M = Va N_b PNLcH gQbgi gWc Xblg-
morphic rocks which mainly can be found at



yYX)_§ PK]O X1 706 mTUNNVIZ]0 B IMMIOV NI vIUT [ x]J70

/:$

Wadi Feirani, Wadi Saal, and some parts of
#gct kg™ _Qgg "9V B>.8 " _b A WbVLP QVe\ eVX-
TQ'PbP g KgQ"bNH Va ~QgWMite QVe\P gWc HVLW™-
b) ~gffQVPB " _bPb QVe\P gQb "WibQPbelbc JI™_
acidic and basic dykes. yr q3kie b\l g8 ">MM].
indicate the presence of ring-dyke at the Gebel
Laig area with younger granitoid rocks.

rKJOTITZ KNZRJ

80gWre Qve\P _gKb J*cb gQbgZ bINDWPVW gh
#Hych /gPgfi #gct )gXN_Hi #gct <g_gf gWe
Wadi El Ghaieb. V3kkyp bl g8 ">MMh. gWc yr
Q3kie bl g8 ">MMj. c"K*che N_b ~QgWe QVe\P
in the study area into late kinematic and past
\"WhXg\"e QVe\P J_"e_ "P PLFPNgW\"gZzH bRL"Kg-
lent to older granitoid and younger granitoid
Qve\Ps ®_b NJV TQVLTP Va VichQ gWc HVLW™hQ
“QgwmvicP ""gfdd. "WelLch N_b ;8(OA c'a-
ferentiation of the granitic rocks into monzo-
granite, alkali granite, granodiorite and quartz
diorite.

" b X"WhQgZ eVXTVPNWW Va HVLW™hQ ~Qg-
nitic rocks is quartz and K-feldspar, plagio-
clase, hornblende and biotite, zircon, apa-

e][6;] rkJOTZ KNZR ICMXJ 10 1UX V]UT[ [1J70
TEXT6

JKT_Qur 0aaORR[V] XURW[V]
JReV[P_Q RUaYQ WI[V_RciQ
older granodiorite, quartz, plagio-
granitoid | quartz diorite, | clase, hornblende,
diorite pyroxene
younger | alkali granite, | quartz, K-feldspar,
granitoid | monzogranite | plagioclase, biotite

V6 .| rXNINVIZ]) PIM NI 1UX VvIUTL [1970
NTYNMIXY KNP ur £y ;--st

™ibi Pbe™b "\gVZ"WMb. gWc VTgRLb X"WhQgzPs
" _b VichQ “QgWMVAcP gQb Xg'WiH eVXTVPbc
of plagioclase feldspar, K-feldspar, micro-
perthite, hornblende, biotite, and quartz. Zir-
con, sphene, apatite and opaque minerals are
among the accessory components. Weathering
of hornblende, biotite and plagioclase leads to
aVQX eZgH XMWbQgZ "yr q3kie bl g8 >MMj.B

1 XITPNKMUTZ KNZRJ

Metamorphic rocks in the study area are dis-
NQMFLNbc gZVvW™ #gct (ggli #gc )gXN_H gWe
Wadi Zaghraa. Koruig3p "dY[F. gWc v3kkyp
b\ g8 ">MMhi >MM7. XgTThc N_b XbNgXVQT_"e
OVe\P gl #gc” (ggZ gWe #gc' kg™ _Qgg2) gXN_H
* _bH c"aabQbWN"glibc N_bPb Qve\P "WV XbligPbc"-
Xbwhi fgPe XblgKVzegW'ei ge'c’e XblgKViegW-
e gWc Xblg~gffQVB * _b XblgXVQT_"e fhbiP
gQb MWNQLcbc FH PHW "VZchQ. gWe Zghb "HVLW ™ bQ.
granitoids and gabbroic rocks. Metasedimen-
tary rocks consist mainly of phyllite, metasilt-
PAVWhi - XbligeVW™2vXhoglb gWc KVzegWv™bWe
Pbc XbWhi J_bQbgP N_b XblgKvZegW'eP "WeZLch
g J'cb KgQ"bH Va XbigXVQT_VPbc QVe\ NHThP
such as andesite, dacite and rhyolite associat-
bc IM_ X"WVQ fgPgiite FVCbP "Vikkyp et al.
>MM7.8

)6. Phanerozoic Rocks

+_gWhQVGVe QVe\P eVKbQ N_b WVQN_bQW TgQN Va
PALcH gQbgB = _b"Q VLNeQVTP bITVPh Xg'WZH gN
the scarp of Gebel El Gounah and the north-
ern Part of Wadi El Ghaieb, as well as mi-
nor exposures at Wadi Saal and Wadi Genah
"OME>8 " _bH gQb QbTQbPbWibc fH g WLXThQ
of geological formations arranged from the
VIChPN WV N_b HVLW bPN gPi d. =gXTQ"gW QVe\P
consist of laminated sandstone with interca-
Igi"WP Va eIgH gWc abQQL™"WVLP fgWcP8 ™ bH
LWeVWaVQXgfzb VKbQzgH N_b FgPhXbWN QVe\Pi
are coarse-to-medium-grained, weakly indu-
Qgibc WV aQ*gfZbi gWe "WeZLch \gVZ'W XghQ 18 >.
Lower cretaceous rocks consisting of grey and
K"VIbN eVZVLQbc ThFfIH gWe ~QgWLZgQ PgWcPNVWh
intercalated with kaolin in the upper part and
impregnated with iron oxides at the top parts
Va N_b PbRLbWebP§ j. %TThQ eQbNgebVLP QVe\P
_0Kb HbzzvJ fbcP Va avPPz"abQVLP PgWcPIVWhPI
dolostones, limestones, marls, and glauconitic
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shales with pelecypod moulds, echinoids, and
NQgeb aVPP'ZP Va _VQ'GVWNgZ FLQQVI™W™PE = _b
top of this formation constitutes a thick car-
bonate sequence of limestone, marl and dolo-
mitic limestone, with thin inter-beds of silty
elgHPI\VWh gWec HbzzvJ"P_2VQgW™hi vWb2™Qg"Whc
PgWcPNVWb "soiy & wypyzu dYY, .8 %TTbQ eQb-
taceous rocks are mainly exposed at Wadi El
Ghaib and Gebel El Gounah Scarp.

Mineralogically, the lower cretaceous rocks
are mainly composed of quartz and kaolinite
JIN_ g XMWVQ gXVLWN Va egZe™bs = _"P _bzTP WV
distinguish them from upper cretaceous rocks
"WJ_"e_ N_bgXVLW VaegleMb P~ BA "
degree of similarity exists in the mineral com-
position of cambrian rocks and the clastic part
of lower cretaceous rocks especially with re-
spect to quartz and kaolinite minerals. But
the cambrian rocks are more ferriginated than
lower cretaceous rocks, which allows differ-
entiation between them.

s EXIUNYN(NVC

Lithological mapping may be carried out on
the computer screen by human interpretation
Vall_b"Xg bP8 ®_"P P g TQVXPW™ JgH "W TgQ-
"elLzgQ "a N_b _LXgW VThQg\VQ P KbQH b1ThQ"-
bWebcB "V "WeQbgPb N_b cb™Qbb Va gLNVXg"vW
within the mapping process the tools of image
elgPP'veg"vVW egW Fb bXTZVHbcE ® b _LXgWVT-
erator is still a key factor for the mapping suc-
ebPP gP _b J"77 fb "WKVZKbc "W PbzbelW™ TQVT-
bQ NQg"W W™ gQbgP aVQ PLThQK"Pbc eZgPPvegh*VviW
FH Ng\"W™ gcKgWig™b Va bI"PNW™ XgTP VQ vhic
K"PMPB = _b ¢ Mi"Gbc NQg"WMW™ Qb VWP gQb LPbc
to determine statistical parameters for classi-
vegl™We 9vVQ N_b JbZZ2AWIW XgI"XLX "\b-
I Wc elgPP'vegh™W N_bPb gQb N_b XbgW Kbe-
NVQP gWe eVKgQ"gWeb XglQ*ebP avQ bge_ NogW"W™
egPP8 5W XgI"XLX ™\b* VVc eIgPP'veghVWi
gl TMbIP gQb bKgiLghbc gWc gPPWhc NV N_b
class of highest probability. Maximum likeli-
_VVc elgPPrveg"vW Va N_b bWN*Qb PNLcH gQbg "W g
one step process has been found to be not op-
"X g8 = b X"WhQgZ eVXTVPWNVWP N_b PhcXbW-
tary rocks with sandstone of cambrian rocks
and of lower cretaceous rocks are similar to
the mineral compositions of granite rocks.
* _bQbaVQbi N_b gWgzHP'P Va N_b WVQN_bQW TgQN Va
study area, which includes sedimentary rocks,

is separated from the analysis of the southern
part where the basement rocks are forming the
main rock component.

* _b TQVTVPbc VKbQgZZ TQVebPP uvJ avQ eQb-
ating a lithological map of the Dahab basin is
P_VIW™W 9" jB * b FgPe "chg Va N_"P TQVebPP
uvJ PNV LPb N_b TQ"VQ \WVJibc b Val_b bI*Pi-
AW ; 8(OA XgT W ~Lich ezgPPhvegh™VW Va ll_b
QVe\Ps M _ N_"P \WVJzbc™b PLThQK"Pbc elgPP-
veg\"WW J"Z fb PThevegZH gTTZ"bc W N_b "W-
TLI"Xg™b cglg aVQ g ebQNg"W gQbgs AeeVQc"W™ NV
N_b ;8(OA XgT N_b T_gWhQVGV"e QVe\P Xg'W-
ZH eVKbQ N_b WVQN_bQW TgQN gWe FgPhXbWN QVe\P
dominate in the central and southern part of
the Dahab basin. For the primary differentia-
tion of phanerozoic rocks and basement rocks
our process follows the proposal of }|zyyp et
g ">MMd.B (Tgl"gZ PbTgQg"VW FbIbbW WVQN_-
ern part and central part is done by manual
M ANGEIVW LPMWT AT ;) TgWe eVXFAWgvW
7-3-1.

In each of the two regions band ratio im-
g~bP gQb LPbc gP "WTLN aVQ PLThQK"Pbc elgPP"v-
cation of different rock types. For this purpose
PVXb fgWc Qgi"vP J_"e_ _gKb FbbW PLeebPPalz-
ly used by other researcher are used. In addi-
MWWi g Wb A(" ;) fgWe Qgitv Pige\"W™ "[E,i
he[i ddedh. "P "WNQVcLebes * _b NQg"W"W™ gQbgP
avQ N_b XgI"XLX "\b*_VVc elgPP'vegh"vW gQb
selected on the basis of existing geologic maps
NV™bN_bQ IM_ PLTTVQN™W™ vbic K'PMPS AP g TgQh
Va N_"P PLcHi vhic K'"PMP gl >j ZVeg\"VWP Va ll_b
PiLcH gQbg _gKb fbbW LWchQNg\bWs 6VJIbKhQi
N_b “chg IV LPb N_b vbic XgTTbc cglg gP QbabQ-
ence was rejected because of the small sample
PAGbB * _bQbaVQbi N_b ~bVZV™"e XgTP gQb aLQN_bQ
LPhc gP QbabQbWebP aVQ bKgZLg"W™ N_b geeLQgeH
Val_b eZgPP*vegh"VWW QbPLZ¥B

Band ratioing has been widely used for
IN_VIV™"egl XgTTW™ cLb NV WP TQVKbW gfZ"H
to produce distinct grey tones of imaged ma-
NbQ"gzP "W ebQNg™W QgN"vP8 A fgWc Qgl*Vv *P eQb-
glbc fH cK"cW™ N_b cM Mgz WLXFb) "</. Va
one band by the corresponding DN of another
fgWc avQ bge_ TMIbZ "Zzuine dY[7.8 = _b Xg]VQ-
MH Va aQgeNVWgZ KgZLbP gQb FhNJIbbW GbQV gWe
NJV VQ N_QbbB = _LPi avQ K"PMZ"NH QbgPVWP N_b
ratios are often rescaled to produce ratio imag-
bP IMN_ " _bQ eVWNQPVB AWVN_bQ JbzZ2\WVIW
effect of ratioing is the reduction of the impact
of shadow in the ratio images. Which band
ratio is particularly suitable for enhancing a
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certain rock type or mineral depends on the
cVX"WgWeb Va_b X*WhbQgZ "W N_b Qbubelbc cgligs
(ThellQgZ P> WgNLQbP ~"Kb LPbalZ _"W\P NV cbe"ch
gfVLN N_b FgWeP LPbc avQ QgV"VAW™8 =VXF"Wg-
"WWP Va N_Qbb FgWe Qgi"V *Xg~bP egW b K"PLgZ-
ized as colour composites. Features or miner-
als show up in distinct colours in these stacked
QoW *Xg~bPB *_b RLbPN"VW Va J_"e_ fgWc Qg-
WP VQ FgWe Qgh™V PNge\"W™P bW_gWebP N_b K*P-
ibility of a particular rock type is analysed and
c"PeLPPbc b INbWPKbzH "W N_b Whb IN Pbhel*VWB

" _b TQVebPPW™ uVvJ "9"Bj. TVMINP VLN N_b
different band ratio images used for maximum
I"\bZ*_VVc elgPP'veg"VWB 5W N_b WVQN_bQW TgQN
of the basin the mapped classes are cambrian
rocks, upper cretaceous and lower cretaceous
rocks, granodiorite and wadi deposits. In the
central and southern part of the basin there are
N_b XbNgXVQT_"e QVe\P I™_ XblgkVZegW'ei fg-
Phe XblgKViegWei ge'cte XblgKVviegWrei Xblg-
sediment, phyllite and metagabbro. Wadi de-
posits are also taken into account in particu-
lar for comparison reasons with the reference
map. For the igneous rocks as the other major
group in the central and southern part of the
study area the rock type classes granodiorite,
alkali granite, monzogranite are mapped by
"Xg~b elgPPveg"ViWg )"W™ cH\bP gQb K"PLgZH
QbeV=WrGgfzZb "W N_b *Xg~ b8 (LTTVQNbc H vhic
KPP N_bH _gKb FbbW ¢ W"Gbc "WbQgeN"KhzHs
In classifying this group of igneous rocks the
XbligXVQT_"e 9b"gW* XbligKVzegW eZgPi"e QVe\P
are added for comparison reasons with the ref-
erence map.

A TVPN eZgPPMveg™VW PXVVN_"W™ Va l_b elgP-
Prveg™VW QbPLZIP P egQQ*bc VLN FH Xg]VQ™H vi-
NbQ"W™ gWe JM_ N_b PLTTQbPPVW Va KbQH PXgZZ
gQbgPB ®_b QbPLZWP Va N_b Z™M_VIV™"egl XgTT'W™
TQVebPP gQb N_b cglg avLWc fH KbelVQ"Pgh"VW Va
N_b TVPN TQVebPPbc eZgPP vegh"VW XgTP8

" _b elgPP"veg"VW geelQgeH gPPbPPXbWN P
N_b ZgPN PNbT "W N_b VKbQgZZ TQVebPP'W™ uvJ
"O""B J.8 9VQ gPPHPP'W™ N_b chQ"Kbc XgT RLgWh"-
NgN*KbzH N_b bQQvQ Xghg I Xbl_Vc P LPbc J_"e_
eVXTgQbP N_b eZgPPMveg"vW XgT g~ g"WPN g Qba-
bQbWehs 5chgZzH g Qb TQbPbWNgN*Kb PgXTZb Va vhic
mapped ground truth data are used as refer-
ence data. Due to the lack of suitable ground
truth data the existing geologic maps are used.
" b ;8(OA XgT "P LPbc gP QbabQbWeb "W N_b
WVQN_bQW TgQN Va N_b FgP"Ws = _b XVQb cblig'zbc
map of V3kkyp b\ gZ8 ">MM7. "P LPbc gP QbabQ-

ence in the areas of Wadi Saal and the Wadis
kg™ _Qgg gWc Y gXN_H " b XgT Va yr q3kie
"SMMj. "P Ng\bW gP QbabQbWeb "W N_b gQbgP Va
Wadi Nasab, Wadi El Ghaieb und Wadi Fei-
QgW™ = _b ZXMgN"VWP Va N_"P geeLQgeH gWgZHP'P
gQb VFKAVLPO N_b bQovQ XgNo™l TQVKAchP "WaVQ-
Xg"Ww gfVLN _ VI JbZz N_b elgPP'vegh™VvW XgT
and the existing maps coincide.

$ yfeug v]I] yO](CIT1I+
+H)C L& T (S
V1JIZHJIJTNO

" b LPbaLZWbPP Va 1gWcPgl ; *O fgWc eVX-
bination 7-4-2 for geological mapping in arid
regions and the far-reaching consistency of
NP FgWe eVXFWglvw IV A(" ;) fgWe evX-
bination 7-3-1 are pointed out by }|zyyp et al.
">MMd.8 9""8h zhal P_VIP A(" ;) TglWic eVXT*-
nation 7-3-1 in which the metamorphic rocks
appear in greenish and reddish colour, the gra-
nitic rocks as light yellow to light brown, the
sedimentary rocks as white colour, and the
Jgch chTVPMP gP M _N ~QbH eVZVL( A XgWLgZ
mapping result of the wadi deposits is shown
"W 9 Bh QM B " P KbelVQ ZgHbQ Va N_b Jgc*
chTVPWP J7ZZ fb LPbc gP VKbQzgH "W VN_bQ v~-
LQbP NV PAXTZ"aH K'PLgZ VQ"bWNgh"VWB

$6; Central and Southern Part of the
Dahab Basin: Igneous Rocks

A WbJ fgWe 0ghVv Pige\"W™ JIM_ N_b QgiVv ~X-
g~ bP "[E,i he[i ddedh. P LPbc aVQ caabQbWNAgh"vw
between younger granitoids and older grani-
toids in the central and southern part of the
study area. For a better understanding of this
stacking the band ratio images are discussed
in the context of the spectral signature of the
dominant minerals.

2gWe Qg\"V he[§ AZ\gZ" ~QgW™b gTThbgQP cgO\i
monzogranite grey, older granitoids show
I N TQbH NV QN eVZvLQ "9"B ,AB T _b M N
colour of older granitoids is due to alteration
products of hornblende and plagioclase into
chlorite and clay minerals, whereas the pres-
ence of biotite and K-feldspar minerals in al-
\gZ" “QgWMbP "yr q3kie bl g8 >MMj. TQVcLebP
g cgQ\ eVZvLQ "W fgWe Qg\V hE[B = _b cgQ\ eVZ-
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[ ASTER DATA J

Primary differentiation of Rock types
using band combination
(7-3-1) Asoeen et al. (2001)

Phanerozoic Rocks Basement Rocks
Central and Southern Part of
Northern Part of Dahab basin Dahab basin

]
|

|
Focus: Focus:
Band Ratio 7/6 Band Ratio 6/4 Metamorphic rocks Igneous rocks
for carbonate for kaolinite
minerals

Band Ratio Band Ratio
R4/6 G4/7 Ba/10 R8/5 G4/8 B11/14

for biotite,
kaolinite, chlorite
ML Classification

Classes: cambrian,
upper cretaceous,
lower cretaceous, wadi

ML Classification

ML
. . Classes: metavolcanic, Classification
deposit, granite basic and acidic meta- Clisiog:
| ooy
phyllite, i = soch
Post classification smoothing young and old granitoid** granodiorite,
Vectorization alkali granite,
[
o 4 Post classification smoaothing,
Ground validation with Vectorization
respect to the map of
EGSMA (1994)

Ground validation with
respect to the map of
Hassen et al. (2007)

Ground validation with
respect to the map of
ELMASRY et al. (2003)
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VLQ "P g eVWPbRLbWeb Va N_b 2vJbQ QbubelgWeb
"W fgWe h "9 Ps , ? gic =8

Band ratio 8/5: Younger granitoids appear
as light grey and older granitoids as grey col-
VLQ "9""BFA.B 5W FgWe Qo\"V *Xg~b [E,i 9b"Qgw*
XblgKVZegWreZgPie QVe\P P_VJ cgQ\ ~QbH eVi-
VL® *_"P"P cLb NV N_b TQbPbWeb Va Vb gWc
K-feldspar in addition to the alteration prod-
ucts of hornblende and plagioclase into clay
X"WhQgZPs )Ve\P Qe "W abIcPTgQ eVXXVWH
weather to kaolinite. Fig. 6B shows an absorp-
tion feature of kaolinite near band 5 thus the
M [E, fgWc Qo\"V KgILbP “Wcheghb HVLW™hQ
granitoids. On the other hand, dark grey and
grey colours of old granitoids and metamor-
phic rocks are due to the absorption proper-
NH Va e_2VQWb "9"™8 ,=.i J_"e_ IhgcP NV 2VJ [E,
FgWe Qgi'V KgZLbPs

E b SN E
a o
i Wuk dupow b
i I L)
=] e wTTy

Band ratio 11/14: Younger granitoids appear
as dark colour, older granitoids show light
“QbH WV QM _N eVIVLQ "9"78 7.8 * _b cgQ\ eVIVLQ
of younger granitoids may be interpreted by
N_b"Q _*™_ gF"ZH NV Qbubel N_b PLW Qgcglvw Vi
their light coloured surfaces, and hence they
represent cooler surfaces which appear dark in
the band image. In contrast, older granitoids

T | B S M Am A im e mn i i un o i i e |

Elark &t al.. 1333 OSOS B‘
Digital Spectral Likrary
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absorb more sun radiation and get warmer
than other rock types and hence appear bright-
er in the band image.

In experiments with different band ratio
stackings, we found that the colour compos-
Mb "[E,i he[i ddtdh. QbKbgzP PLFIZb chaabQbWebP
between the younger and older granitoids.
9B [A P_VJP gZ\gZ" ~QgWMbP N_gN gTThgQ "W
Qbc eVZVLQi XVWGV™QgW™bP gWc geche KviegW-
"e J % P_VJ LT W T'W\ eVZVLQ *_b 9b"(g-
ni group appears as light green whereas older
~QgWMVAc ZVVNP ~QbbW gWe TLQTZbB ®_b K"PLgZ
comparison of this new stacking with the ratio
Pige\ "Xg~b "[E,i ,Ehi 7E[. LPbc fH Qyz3pu &
Yaxq ">MMY. "WN_b ;Z 6Lc" gQbg Va PVLN_bgP-
ern desert in Egypt shows its strength with re-
spect to the discrimination of younger grani-
NVAcPB AZ\GZ ~QgWMib gWe XVWGV™QgWMb QVe\P
are much better discriminated in the new
stacking. But with respect to older granitoids
"“QgWve VoMb gWe *G c"VQMb. N_b qyz3pu &
Yazq ">MMY. Pige\"W™ PbbXP WV fb g Il XVQb
agKVLQgFzbs

e s s

i

5”‘%
I:lll.t'.

&
|

>

" _beVIVLQ eVXTVP™b Va N_b PW™zb fgWc Qg-
NP AP LPhc aVQ chvWW™ N_b NQg"WW™ gQbgP Va
the four rock classes alkali granites, monzo-
“QgWMbPi 9bQgW" XblgKVZegW'eIgP\'ei gWec Vic
~QgWMVACPB 9VQ bge_ eZgPP PbKbQgZ "X"WAXLX
h. NQg"Ww"W™ gQbgP gQb Pbzbelbc KV ~bN Qb TQbPhWNg-
N"Kb PgXTZbPB 5W 9" BdM? N_b XgI*XLX 7"\b-
I Wec elgPP'veg"VW QbPLZN Va N_b aVLQ QVe\
classes is shown together with the wadi depos-
M ZgHbGB AZ\gZ" ~QgW™bP gQb eVIVLQ"Gbc "W Qbci
XVWGV™QgWMbP "W T"W\i 9bQgWw" XbigKvzegW-
clastic in light green, old granitoids in dark
green and wadi deposits in yellow.

9VQ N_b geeLQgeH "WKbPNA~ g\"VW Va N_b eZgPP*-
veg"W QbPLZNN_b “bVZV™"e XgT Vayr q3kie et
gZ8 ">MMJ. "P LPbc gP QbabQbWebB = "P 2VegZ gQbg
XgT JgP “bWhQglbc fgPbc VW cbig’zbc vhic
JVO\ gWe eVKbQP i_b 8bfbz 9b"gW" gQbgs 978>
shows the location of the Gebel Feirani area
at the downstream part of the Dahab basin.
In addition to alkali granites, monzogranites,
gWe 9b™gw” XbgKVzegWeZgPiei N_b yr q3kie
map includes granodiorite, Qz-diorite, and to-
WgZMbB = _b ZgbQ NIV egWWWN Fb cPNW™LP_bc
aQvXxX “QgWve™VQMb fH AXgTh elgPPveghVWB
* _bQbavQbi N_b TQbKgZbWh ~QgWvcVQ™ib "P AWNQV-
cLebc gP g eZgPP VW MP VIWB )W 2cH\b "P "W-
NbQgel*KbzH XgTThc fbegLPb ™ P K'PLgZZH Qbe-
V>WAGgFzb FH NP cH\b22"\b fVcH "9" B [.B 5N _gP
the same composition as alkali granites thus
FhZVW™P NV N_"P eZgPP "W N_b eZgPP*veg"VIW XgT8

" _b RLgW™gl*Kb eVXTgQ*PVW fbNJbbW N_b
QbPLZNP Va N_b eZgPPveg"vW XgT gWc N_b QbabQ-
ence map is summarized by the error matrix
AW =g >B )babQbWeb cglig gQb Phzbelbc aQVX N_b
(QbabQbWeb XgT avQ N_b QgP\bQ ZVeg"VWP chvWhc
fH \_b eIgPP'veg\"vW XgT8 * b TQVebcLQb aVQ

tTVe=| C§ 16/-%+, .70, J/GN &X /(+ 4H063 )0H3 1101)% A = ; >"/11Q-/6NO FHO( 6™+ 16/-%+, .70,

KJIIN TPTVX =08t S9=+ ;39554
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{IcQQPKT Q"RUWP\_R " R Va_WcT
= Pixels X RSV[ | WwReVU | HYCN[ | qUVIU | hQKT 10_R)
% JaaORcaK
S X ReV[ jYj 47 0 5 445 [L:
£ :;.; WRCVU™ [UR[P_ 81 jv> 8 3 484 [d:
S| Jvor wrevpp_ 0 5 775 18 ™ v7:
S QUVIUIRCVIP_ | 13 177 413 604 FL -
hQK™T 475 457 YEM hiy | 2330
nRU™0a_R() }aaORcaK b: [F: [d: Yh: F:G

selecting samples in each category follows the
PNQoN*vbe QgWeVX PgXTZW™ PNQgib™HB 9VQ bge_
elgPP "W N_b eZgPP*veg\"VW XgT h NV , PgXTIbP
are taken as reference data.

" _b QbPLZNP "Wc'eglb gW VKbQgZZ geelQgeH Va
[, =B ATgQN aQvX N_b LPbQ(P geeLQgeH Va F[ -
for monzogranite the user’s and producer’s ac-
eLQge"bP Vall_b WN_bQ ezgPPbP gQb g2z gfVKb [M = 8
" _b "WNbQabQ"W™ eVWNgeNP b IbbW XVWGV™ QgW-
ite and alkali granite lead to a fairly high mis-
elgPPveg"VW Va XVWGV™QgW™ib I™_ N_b eVWPb-
quence of a low user’s accuracy for this class.
(" X"2gQ P N_b PMLg\"VW avQ N_b 9bQgWw" XblgKVz-
canics and the granodiorite but with less sig-

WhvegWh eVWPbRLbWebP aVQ N_b LPbQCP geelLQgeHB
$6. Metamorphic Rocks
" b FgWe Qgi"V PNge\"W™ "hEFi hE7i hedM. P_VJIP

N_b XblgKVzegWe "XbighLaag. QVe\P "W ~QbbW-
"P_HbzzvJ gWe Il_b FgPe XbligkVvZegWe QVe\P "W

QbceP_ FQVIW eVIVLR = _b getc’e XblgKViegW-
"e OVe\P P_VJ LT fH 2"~ _N K"VZbN eVZVLQPi N_b
metasediment phyllite rocks in light green, the
HVLW™bQ ~QgWMVAc Qve\P _gKb cgQ\ fZLb eVIVLQ
and the light blue colour refers to old granitoid
QVe\P "9 PBY A gWc 2.3

"0g"WMW™ gQbgP _gKb fbbW chvWbc "W N_b eVz-
VLQ eVXTVPMb "heFi hE7i hedM. fH avZiZvI™W™ N_b
same procedure described already in section
,BdB ®_b eZgPPMveg"VW P egQQbc VLN aVQ PhKbW
classes of rock units. Fig. 10 shows the clas-
P'vegh"VW QbPLZIP aVQ #£gc” (ggl "9 BdMA. gWc
#gch ) gXN_H "9 BdM?.8 ObligkVZegW"eP P eVZ-
VLQ'Gbe "W FZLbi FgP'e XblgKVzegWreP "W TLQTZbi
ge"c'e XblgKvzegWeP "W 22~ N ~QbbWi XbNgPhc-
XDWNP "T_H"Z2Mb. "W cgQ\ ~QbbWi HVLW™bQ ~QgW-
toid in red, older granitoid in pink and meta-
Pbc"XbWigQH QVe\P "W #£gc® )gXN_H VWH.
"W cgQ\ ~QbbWB #gc" chTVPMP _gKb fhbW gZPVv
"WNQVcLebc MINV eZgPPMveg®VW gWe P_VJ LT "W
HbzZV.JI "W N_b eIgPPvegh"VW XgT8

VG- FITZRXY [JOY K]IIN "s83¢ s/ s9;<& TPTVXJz y| b]YT F17) 161z x| b]YT g1PIUC JKX]6
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$0) Northern Part of the Dahab
Basin: Sedimentary Rocks

Band ratio 7/6 can be used to differentiate
sedimentary rocks with respect to carbonate
minerals, in particular calcite and aragonite
which are the main components of limestone
"LTThQ eQbligebVLP. QVe\Ps = _b gfPVQTI"VW abg-
NLQbP Va egZeMb WhgQ FgWe 7 "9""8dd?. NV~ bN_bQ
JIM_ WP A QbubelgWeb "W fgWc 7 TQVcLebP
the dark appearance of the cretaceous rocks in
9" B ddAB " _b egXTQ*gW Qve\P gTThgQ gP Q"™ _N
colour, whereas the granites appear as darker
grey tone.

AbQWgN"KbzH FgWe Qgi*V FEh egW fb LPbc NV
discriminate between different classes of sed-
MXbWNgQH QVe\Ps *LgQNG I™M_ \gVI'W "gZ\bQbc
NV eZgH. W™bN_bQ I™_ "QVW VI*ch gQb N_b Xg"W
minerals of cambrian rocks which lead to dark
colours in this band ratio because of the ab-

r

iSisckiag TH

E A B i 1 Sojoperte [ | duietn
a H Eaatrmn Foxia Uepes Crmmconn]

W e
Wy =

[ —

R E

hom BT
Eratet [

sorption feature of kaolinite near band 6 and
b * _ QbubelgWeb "W fgWc hs %TThQ eQbNg-
ceous rocks show up in grey and granites ap-
ThgQ "W Q"™ _N NVWbP "W FgWc Qg\"V FEh "9""Bd>.}
A K'PLgZ eVXTgQ"PVW Va N_b 7EF KbQPLP N_b FEh
FgWe Qg"V "WeeghbP N_gh N_b c"PeQ*X"Wg"Kb ba-
verbWeH Va 7EF Qg P A~ bQ N_gW N_gh Val_b
Fth Q"8 = _bQbaVQbi N_b gWgZHP'P aVeLPhc "W
gWgZHPMW™ FgWe Qg\'V 7EF8 A VAW LPb Va FVN_
fgWeP JVLic _gKb fbbW TVPPMZh FLN JgP WWN
pursued in this analysis.

(LThQK"Phc  eIgPPvegh"VW "WeZLc™W™ TVPN
elgPPhveg"vW PXVVI_"W™ gWc KbelVQ'Gg"vw "P
carried out by taking band ratio 7/6 as input
"Xg b8 5W N_b eZgPPvegh"™vW XgTi LTThQ eQblg-
ceous rocks is colourized in red and lower cre-
NgebVLP QVe\P "W 22~ N ~QbbWB 9VQ ~QgW™MbP K-
let and for cambrian rocks blue is used. Wadi
chTVPMP gTThgQ HbZZV3 "W N_b eZgPP'vegl"vW
XgT "9""8dj.B
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{ICQQPKT QRUWR A R Va_QUORa_
. n[L_J0 —gXF :O/S;is wd iggﬁB Gran. | hQCT }:£6RR(C:QaK

5 E =gXFPgW QVe\P |  dvd 0 0 0 23 | 214 [v:
'g 2 | %TTho =(bligebVLP | 0 ¥7 0 6 0 | 103 Yh:
g i Wadi deposits 0 o | wh| 2 13| diy YY:
wg}- 1VIb) =QbligebVLP | 0 12 1 131 3| 47 [v:
Granites 1 0 36 2 111 150 Thz

oI dy> | dw | 1031 | 141 | 150 | ~/"
NRU0a_R0) }aaORcak w: | oz | vez | viz | >1G

9VQ N_b geeLQgeH "WKbP\A~g"VW N_b ~bVZvV™*-
egZ XgT TQVK*chc fH ; 8(OA "dYYh. "P LPbc gP
g QbabQbWebb = _b VKbQgZZ geeLQgeH "P RLMb "~
"Yhzi "gf3h.B %PbQP gWc TQVcLebQlP geelQg-
ebP Va [Y = WYY - “Wcheglb g " g~ QbbXbWN
Va N_b elgPP'veg"vW XgT gWc N_b QbabQbWebs
" _b VWZH blebTVW gQb N_b ~QgW™"e Qve\P I™
g LPbQCP gWc g TQVcLebQ®P geelLQgeH Va 7hz3
80gWMre QVe\P gWe gZZLK"gZ Jgc" chTVPAP gQb
in contact with each other which is probably
the main reason for this lower accuracy.

"_b vWgZ “bhViV "egz XgT Va l_b <g_gf fg-
sin created according to the proposed process
uvJ "9" B j. P P_VIW "W 9" B dhd 5N eVXTQ"PhP
dY eIgPPbP Va T_gWhQVGVei XbNgXVQT_"e gWc
"WhVLP QVe\Ps ATgQN aQvX N_b Q"W cH\bP gz
VN_hQ eZgPPbP _gKb ThbW eQbglibc fH PLThQK*Phc
"Xg~b elgPPhvegh"VW avizvJbc fH TVPN eIgPP'v-
eg™vW PXVVIN_"W™ gWe KbelVQ*Gg"vW Va Nl _b QgP-
ter data.

3 WNOZ(HJINO

* _b "WKbPNTg\™WWP VW N_b PLMgf'IH Va A(-
" ;) cglg avQ M VIV hegl XgTT'W™ _gKb Zbc
W N_b cbKbzVTXbWN Va gW VKbQgZZ TQVebPPMW™
strategy for mapping granitic rocks, metamor-
phic rocks and sedimentary rock in Wadi Da-
_gf FgPWB * _b “VgZ \V cbKbZVT g elgPP"vegl"vW
based approach in which only minor interac-
Kb ™ MAGgNVW AP "WeZlcbe "P aLZZH ge_"bKbch
5WibQgelKb ¢ MGg"vW JgP LPbc NV PbTgQglb
the northern and the central and southern part
of the basin as well as for the mapping of the

QW™ cH\bP8 ®_b PNLcH P_VJP N_b PLMgf"Z™H
Va XgI"XLX "\b*_VVc eIgPP'vegh"VW Ng\"W™
KgQ"VLP fgWc Qgi"vP gWc fgWc QghVv Pge\"W™P
"INV geeVLWNB = QVL™_ eZgPPvegh™VW caabQbWh
NHTbBP Va ~QgWAVAc QVe\P "XVWGY ™ QgWMbPi gZ\g-
" ~QgWMbPI ~QgWVcVQMbP.i XbNgXVQT_"e QVe\P
"XblgPbc" XbWIP gWc XbligKVzegWeP. gWc T_gW-
bQVGVe QVe\P "egXFQ'gWi ZvJhQ eQblgebVLPi
upper cretaceous rocks and loose wadi depos-
MP. _gKb FhbW caabQbWi*glbcB 9VQ e _be\"W™ N_b
RLgIH Va N_b eZgPP'vegh™vVW XgT gW geelLQgeH
assessment is carried out. For this purpose an
error matrix is determined which compares
N_b ezgPPMvegh™vW XgT I™M_ QbPThel NV bI*PiMW™
geologic maps.

AP g TgQN Va N_b cbhKbzVTXbWN g WbJ fgWc
Qg™ PNge\"W™ "[E, )i hE[8 gWc ddtdh?. "P TQV-
posed for differentiation of younger granitoids
"XVWGV™QgWMbP gWe gZ\gZ* ~QgW™bP. gWe VichQ
“QgWMVACP "t QgWveVMb. MW N_b <g_gf gQbgs
AN\gZ™ "QgWMb gWe XVWGV™QgWMb QVe\P gQb
KbQH Jbiz c"PeQ"X"Wglbc FH N_b WbJ Plige\"W"B
#M_ QbPThel NV VichQ ~QgWMvAcP "~ QgWveVo-
Mbi *G c'VQMb gWe WWgMb. Qyz3pr & Yara
">MMY. PNge\"W™ PbbXP NV Fb PN'ZZ XVQb agKVLQ-
able. For the discrimination of different met-
amorphic rock types our procedure follows
the proposal of W3z & Sikse ">MM7. fH gT-
TZIHW™ N_b FgWe gV Pige\"W™ "heF) i hE78 gWic
hEdM?.8 * _b T_gWbQVGVe QVe\P "W N_b WVQN_bQw
TgQN Va PNLcH gQb c"aabWi"gbc LPMW™ N_b "7EF.
band ratio.

* b geeLQgeH "WKbPN"“gN"VWP Va N_b eZgPP'v-
cation results are carried out with respect to
the geological reference maps published by
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V3kkyp bl g8 ">MMh.i yr Q3kie bl g8 ">MMj.
gWc ; 8(OA "dYYh. ®_b egleLiglbc bQQvQ Xg-
lQ"ebP "Wceghb VKbQgZZ geeLQge"bP FoNIbbW [ -
gWc Yhz8 AZWTbN_bQ N_"P LWchQZ"WbP N_gN N_b
eQbglbc IM_VIV™egl XgT VIP QbgPVWgfH JbiZ
W N_b bIPIWW™ XgTP J_"e__gKb FbbW Xg'WH
eQbglbc FH vbzc JVQ\8 * _b eQbglbc ZW_VIV™"egl
map adds some rock units to the general geo-
IV~ "egl XgT Va ; 8(OAB Acchc gb Q"W™2cH\bP
gl #gc ;1 8_g'ofi ge'cte XbligkvzegW ePi fg-
Pe XblgKVzegW'eP gWc XbgPbcXbWiP gl N_b
#gc'P (goZi kg™ _Qgg gWe ) gXIi_H gWe Xblig-
PhcXbWIP gl #gch ) gXi_H AZILK"gZ Jgc cb-
TVPMP gQb gZPV "WeZlcbe MW N_b vWgZ ZM_ VIV~ egl
map as shown in Fig. 14.

gXIIXKX0ZXJ

Flzyyet Q,Q.F Frrkopt J,SE Flzyrkdriat Qw. &
Kiyipt I,8i >MMdi ATTZegh"VW Va A(" ;) TgWe2
ratio images for geological mapping in arid re-
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lyzyret B,r8i >MMdi 8bVZV™="egl XgTTW™ IMN_ A(-
® ;) PgbzzMibi WhJ ~IVFgl PgbZzMib cglg N_gl *P g
PR WhvegWi ZbgT AW QbXViib PBWPMW™ ~bVZV™"e gWc
gllbQgi" VW XgTT"W™8 n (The'gZ +LfI'eg\"VW 8bV-
V™ "egl (Ve"olH Va ZbKgeg "5 j>Ynjjhs
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50N IN_ ACT 5 Dwi 1VWeVWB
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yHINPTITZ )V _§ [$XZI gXZNOJIKHZITNO KNP B HOITMQX
IPTVXJ INK YKZUTIXZIHK] O+ wHOIHK]0 gXKTITVX JOY
yKZUTXNOINVTZ]0 yMMITZTITNOJ dJTOV _j MXOGFNHKZX

FNIIE]KX JOY bX[ FXKFTZXJ

€qj 1yf 16 Nugfeuk } I yguk Mkvfeyuvet Hamburg

Keywords: "zE cOPUWCP[UVE aUWTCR[QUVE [Wc]_ WePa\[V]E WU~ X[V]E TU[VP aXUO™E

R_aUVQPROAP[UV

Summary: {UVQPcVP [WTRUN_W_VPQ [V P\_ T_RURI
WcVa_ UM [VP_RV_P cV™ aUWTOP_RP_a\VUIU][_Q aUW9
b[V_~ M[P\ ReT[~ ¢ NcVa_W_VPQ [V aUWTOP_R N[Q[UV
_RXNJHWP1 OND P_TZ W LNIIVARZ HN ZY#]VZOHRB _O[
hZCV"RB JZINOIHIF]H HWZ b7 XZNPZHIB NY NUZ]HI=
obZ_aPQ UM “[M R VP Q[J_Q acV b_ WU~ X~ 0Q[V]
[Wc]_Q_SO_Va_Q "RUW aUWW _Ra[cX ~[][Pck acW_RcQ
P\cP cR_TRUa Q0 ~ bKM_b(Q RN[a_QcV™ *R_ XK cNc[X9
chX_ QUAPMcR_ TcaYc]_QF AURW[V] XUM9aUQP QKQP_WQ
AUR VOW_RUOQ cTTX[acP[UVQ DR_QPURCP[UVE \[QPUR[ack
acR_ UM WUVOW_VPQE N[QOCK[JCP[UVE cVEXKQ[Q UM P\_
QPcP_ UM aUVQPROAP[UV ¢V~ P\_ “cWc] E Pa,", uvV P\[Q
aUVPR[bOP[UV  NcR[UOQ aOXPORcX UbZ_aPQ D\[QPUR[ack
AFWRLVOXIa [IH_HFZI?EXFJZIa _JJW_ZNRNXV]_R 10[la
Pa, " \cN_b_ VR aUVQPROaP_~ [V UR™_RPU [VN_QP[]cP_
P\_ TUP_VP[cK UM P\[Q P_a\VUXUTK M\[a\ _Vcbi Q P\_
cOPUWCP[a J_V_ReP[UV U "'z TU[VP aXUO™Q UR QOR"ca_
WU~ _XQ DcQ "z TUKJUVQ" M[P\ T\UPUSR_cX[QP[a P_L9
POR_"RUW [Wc]_ ~cPc, J\_Q_Qu9acki_~ XUM9aUQp QKQ9
HZP 1 JZLJZ1ZOH _O ZYi]VZOH _RHZJO_HVEZ HN ZCLZOIVEZ
P_RR_QPR[cX XcQ R QacVV[V] QKQP_WQ "UR P\_ cQ9bO[iP
“UaOW_VPcP[UV UM "'z UbZ_aPQ [V cRa\[P_aPOR_E a0i9
PORCX \_R[Pc]_cV"™ cRa\c_UU]K, J\_ caaORcaK UNP\_
cOPUWCP[ackkK ]_V_RcP_~ "z WU~ XQ [@ cQQ QQ_~ bK
aUWTCR[QUV M[P\ R_QOXPQ "RUW P_RR_QPR[cX XcQ_R QacV9
VIV,

Zusammenfassung: | IKQS KILAX[ "y=m_V[UKN[=
UQRLKNTUKIQR ~ 1L \WYUCT[R LM\ K[R Z5N |RG[R-=
dungen in Architektur, Denkmalpflege und Archéo=
TQYWL \INAX QP[R-LQIN*[ §QKG N[ IR\ e[ L[N=
HIM[L. zORa\ [ QP_P[] JOV_\W_V™_ r_[QPOV]Q"V9
\[Y_[P ~_QuvP_RV_PQOV™ ~_R LUWTOP_RP_a\VUXU][_
QUML_ "_RRcQa\_V g_[P_R_VPM[aYXOV] NUV {UWTO9
P_R R[Q[UV FJURP\W_V [QP _Q \_OP_ Wo]X[a\E “[
"z9w_UW_PR[_ NUV obZ_YP_V OVP_RQa\[ “X[a\_R
WRo»_ WP \cV™_lQabX[a\_V ~[][Pck_V scW_RcQ ciQ
rUMILUQPIKKQP_W_ "aR Jc\XR_[a\_ FVM_V~0OV]_V
1&ZIH_FIVZIFOXa WIENIVITWZ 7ZOTP_RLhZXZa #/IF_9
X[QL_ROV]E FVekKQ_ ~_Q Jc0JoQrev™_Q OV™ ~ R |9
ITWI[VXFOXa ZH]=* ZY§AVZOH FO[ hZCV~ZR VO :\R[1Z9
SO_VJ_V JO _R*cQQ_V, FV\cV™ NUV ~[N_RQ_V sOIPOR
UbZ_YP_V D\[QPUR[Qa\_ w_bVO™_E kPcPO_VHx[JOR_VE
cRa\VUXU][Qa\_ xOV~QPaaY_E _Pa,” M[R™ [V [ QW
| _[PRc] ~cQ nUP_VP[cX NUV g_bQ_RN[a_Q OV~ "R_[ N_R9
"a]beR_V KUMPMCR_TcY_P_V cOM_J_[1PE W[P ~_V_V
b7."FOTHDNRTZO N[ZJ D)"ZIhITWZOPN[ZRZ ! RI
"z9InUIKJUV_" WP AUPUR_cX[QP[Qa\_R j_LPOR cOPUWCY
P[Qa\ cOQ J[X"~cP_V _RI_OJP M_R™_V, z[ Q_QU 1.9
VEVVP_V rUMILUQPIKKQP_W_ QP_XX_V \_OP_ "aR ~[_
FQIJO[PIZUYOW_VPcP[UV NUV "z90bZ_YP_V [V }R
IWWHZTHFJa 7ZOTP_RLhZXZ FO[ <JJWINRNXVZ ZV0Z
ZYTAVZOHZ <RHZJO_HVEZ AF HZFJZO HZJJZIHNVIIWZO -_9
Q_RQacVV[V]QKQP_W_V ~“cR, z[_w_VcO[]Y_|P ~_R c09
PUWcP[Qa\ _RJ_O]P_V "z9qU™_XX_ M[R™ “ORa\ ~_V
h RIX_[a\ W[P yR]_bV[QQ_V ~_Q P_RR_QPR[Qa\_V rc9
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2.1 Bundler/PMVS2
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t1V6 ;| Left: HCU graphical user interface (GUI) for the automatic workflow of Bundler/PMVS2;
right: GUI for accelerated data processing with VisualSFM.
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2.3 Microsoft Photosynth
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t1V6 . | Workflow for image-based low-cost 3D object reconstruction procedures.
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;

e] [6 ;] Statistics on different generated 3D objects using image-based systems, Pho. = photos.
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t1V6)| Front fagade of the old Town House (Burgerhaus) in Bad Segeberg (19 photos from Nikon
D90 with 20 mm lens); left: original photo; centre left: point cloud from Photosynth; centre right:
Bundler/PMVS2; right: 3D meshing from Photofly.
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tTVis| 3D meshing of the front fagade from the Town House in Bad Segeberg; left: Bundler/

PMVS2; centre: Photofly; right: IMAGER 5006h.

tTV6$| Registration to the reference data of IMAGER 5006h (green <3 mm); left: Bundler/PMVS2;

right: Photofly.
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tTV63| Old Fire Brigade House located in the village Kirkeby of the Danish island Remg; left:
Meshed 3D model from 123D Catch Beta; centre: point cloud from VisualSFM; right: Bundler/
PMVS2.
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t1V6/| Figure in the Zwinger palace of Dresden; left: Autodesk Photofly; centre: Bundler/PMVS2;
right: Microsoft Photosynth.
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tV6=| 3D comparison of the lion figure at the imperial church in Kénigslutter between the 3D
models from 123D Catch Beta and IMAGER 5006; top left: 3D model with texture; top right: without

texture from 123D Catch Beta (green <2 mm).
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tV6-| 3D comparison of the lion figure at the imperial church in Kénigslutter between the 3D
models from Bundler/PMVS2 and IMAGER 5006; bottom left: point cloud from Bundler/PMVS2;
bottom centre: IMAGER 5006h; bottom right: meshed 3D model from the IMAGER 5006h (green

<2 mm).
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t1V6 ;<] Small moai (height 0.7 m) at Poike on
Easter Island (Chile); left: measured points;
centre left: 3D meshing; centre right: textured
3D model in each case from 123D Catch Beta;
right: dense coloured point cloud measured
with Bundler/PMVS2 identifying some gaps
(white ellipses).
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t1V6 ; ;| Black Obsidian stone as the rear of a
moai eye at Easter Island; left: point cloud from
IMAGER 5006i; centre: from Bundler/PMVS2;
right: meshed 3D model from 123D Catch
Beta.
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.| Left: Photograph of the pottery from Yeha (Ethiopia) with the measuring stick for object

TIve;
scallng, centre left: composing the pottery from Bundler/PMVS2; centre right: meshed and
smoothed 3D model of the pottery from IMAGER 5006h; right: result of 3D comparison in Geo-
magic Studio 12 (green <1 mm).

10 Ny

t1V6 ;)| Architectural fragment (archaeological find) in Yeha (Ethiopia): from left to right: photo-
graph with scale bar; meshed 3D model of front (VisualSFM); meshed 3D model of front (IMAGER
5010); rear (VisualSFM); rear (IMAGER 5010).

t1V6 ;s| Deviation between 3D model of the architectural fragment to reference data of the IM-
AGER 5010 illustrated in Geomagic Studio 2012 (green <1 mm).
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e][6 .| Comparison of image-based measurement (Geomagic Studio) and terrestrial laser scan-
ning measurement (reference data); dev. = deviation, av. = average, std. = standard; (mm).
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PIIP, uvP_R_QQcVP [QP “cb_[ cOa\ JO _RMa\V_VE
“cQQ _[Vb_W_RY_VQM_RP_R FVP_[X~_RcOQXav™[9
Qa\_V j [\V.\W RVORM_]_V ~ R Ikkk~/ cV9
T_R_[QP McRe U\V_ “[ Vca\U]_V™_ w}Ikk
JO b_Q0a\_V, k[a\_R{a\ MiR™_ _[V a\Vi[a\_Q
sUVJ_TPWI[P cOQ]_Ma\P_V yLT RP_V ™~ R x_RV9
_RYOV™OV] cKQ VeP[Uver_ U™_R [VP_RVeP[UVeX_
h_RcVQreXPOV] [W Ec\W_V ™ _R pca\MOa\Q"oR9
~_ROV] "_R zwnx cO" dOQTROa\ QPU»_V,

zcQ hURPRC]QTRUJRCWWE ~[_ sORJ"cQQOV]_V
K ZMKYIHNTIN HN* YEN) =MIM™-")KE) UN*)N
Q[a\ OVP_R \PPTSHMMM,[]cRQQ/ .~/ POW," _,

rizgmw VoywpylE qiiVa\_V

gNZUJZUH(O]ZUKTZUIXO

eXZU01JZUX dOTFXKJTIal BG0ZUXO

V_RR Z[TX,9UV], typk Fyuj roxx TRUWUN[_RP_ cW
/->/.~ cV ~_R xcYOW& "iR ]cO[V]_V[ OR9
0V™ h_RW_QQOV]QM_Q V Dxca\]_b[ P n\UPU9
JRCWW_PR[_ OV~ x RV_RYOV™OV]" ~ R j_a\V[9
Qa\_V mV[N_RQ[PaP quva\_V W[P ~_R FJRb_[P
,,Detektion von Fahrzeugen in optischen Sa-
tellitenbildern* JOW zRuV],

~, wOPca\P_R5 nRU", zR,9uV], § gy Kjurr3E j_a\d
V[Qa\_ #V[N_RQ[PaP giiVa\_VDj i 't

/, wOPca\P_R5 nRU*, zRAV], Kiyxadp WVupdt
SCRIQRON_R uVQP[POP MR j_a\VUXU][_Dsuj*

sORJ*cQQOV]5

uwW "V NRJeV]_ V.V 7. tc\R_V [P “cQ h R9
Y_\RQcO"YUWW_V ~ORa\ nR[NcPT_RQUV_V OW
W_\RckQ ~cQ "Ez9ca\_]_QP[ ]_VOV™ ~_RKPRc9
»_ V]UP_RN_RY_\R Ve\W OW ac, F..G JO, w/
ORbeV_V w_b[ P_V N_RORQca\P ~_R h RY_\R b[Q
J01:G ~_R x_[VQPcObb_XcQPOV], zc\_Rb_QP_\P
[V _R\o\P. R ]| _"cR* ¢V [VP X[]_WRR hR
$)&KIR, JKF-+&HN" HN* 7,))INTHIJHN". F)"9
a\_V Jovaa\QP _[V_b_Q0 R_ qU~_XX[_ROV] NUR9
cOQ]_\P, z[_ yR"cQQOV] ~_R \[_R™iR b_VoP[]P_V
ZcP_V _RMUXTP W_[QP “ORa\ P_RR_QPR[Qa\_ QPcP[U9
VaR_ k_VQUR_V M[_ uV=0YP[UVQRa\X_[* V OV~
[RGaY_VYcW RcQ, zc "[Q_KKQP_W_VOR [V_V
J_[X "_Q KPRe»_VV_PJ_Q cb™_aY VE M[R™ [W
Ic\W_V ~ R }Rb [P [V V_O_R }VQcPJ JOR yRI

7cQQOV] N_RY_\RQR_X_NcVP_R ncRcW_P_R cOQ UT9
HJ+&)N 1-D)"4N,¥"™*)KN INIFG+$)"1# 24) TVI
a\_V~_aY_V" ]J_MUVV_V_V zcP_V YoVV_V cXQ
M[a\P[]_ yR]aVJOV] "GRNURNCV™_V_h RY_\RQ9
WU™_XX_]_VOPIPM_R™_V,

iW _[V_ Wo]X[a\@ J_R[V]_ x \X RRcP_ b [
" R xc\RJ_O]_RY_VVOV] JO RR_[a\_VEM R"_V
zcP_Viib R “cQ kPRex»_VV_PJ cOQ NUR\cV™_V_V
w_U[VAURWCP[UV_V ] _VOPJP, z[Q [ V.V
\cOTPQaa\[a\ JOW F0Q0a\X0QQ V[a\P R_X NcV9
PR IXR[UV_V, zc xc\RJ_O]_ [V keP_XX[P_V9
b[X™ RV Y_[V_ g_RYWck_ M[_ xRUVP U"_R
v_aYQa\_[b_VJ []_VE_RM_[Q_V Q[a\ _PchX[ RP_
h_R*c\R_V JOR xc\RJ_O]_RY_VVOV] c0Q \o\ R
c0"]_¥oQP_V zcP_V cXQ V[a\P cVM_V~bcR,

uV QR IRb_[PM[R™ _[VV_0 R 3IVQcPI _VP9
M[aY_XPE ~_R QUMUNX [QUX[_RP_ cXQ cOa\ [V wROTY
T_V cO'R_P_V™_ xc\RJ_O]_ b_RiaYQ[a\P[]P, yQ
FiK* )IN @F)$IIHU™)J 8"-JJHUS-ITMNIG)K(-&9
R_V JOR z_P_YP[UV [QUX[_RP_R xc\RJ_O]_ NUR]_9
Qa\Xc]_V, z[ 0 Q _RR_[a\P _[V_ \U\_ dON_RX&Q9
QOY_[P, VKTUP\_Q_V iR xc\RJ_OJR_[\_V M_R9
TV TORa\ T[™ R_VP[cX]_UW_PR[Qa\_ r[V[ V9
_LPRCYP[UV ]_b[X"_P, dOR yRY_VVOV] NUV y[V9
J_"c\RJ_O]_V [VV_R\ckb ~_R xc\RJ_OJR_[\_V
M_R™_VQT_J[_XcO [ nRUbX_WQP_KxOV] cV]_9
TcQQP_ RUbOQP_ ka\aPIN_Re\R_V _[V]_\_V™ 0V9
P_RQOa\P, pca\ dOQcWW_VAG\ROV] ~_R yR]_b9
V[QQ_ ~_R gOQP_R_RY_VVOV] OV~ ~_R RUbOQP_V
NncReW_P_RQa\dPJOoV] [QP _Q Wo]X[a\E _[V_SOcV9
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P[PCP[N_ FbQa\aPJOV] b R “cQ h_RY_\RQcO"9
YUWW_V _[VJ_XV_RkPRe»_V IO ] _b_V,

YRQPWEX[] M[R™ MR y[VJI_¥"c\RJ_O]_ cOPU9
WeP[Qa\ ~_R |_M_]0V]QQPcPOQ J_TRu"P, V[ R9
MR MIRT T I [Pa\_ z[™ R VI IM[Qa\_V ~_V
FONVC\W_V T R _[VI XV_V KT_YPReXYevax_ ]9
VOPJP, z[_ uV[P[cX[Q[_ROV] ~ R NRM_V PV
g \U"_V _RART_RP Y_[V yLT RP_VMIQQ V,
A JOR z_P_YP[UV OV~ ]_M_]0V]QQa\&rJov]
N_RM_V~_P_V ncReW_P_R M_R™_V c0Q WcVO_XX
_RAcQQP_V JRe[V[V]Q cP_Vch] X [P PUT_R “ORa\
QPcP[QP[Qa\_ J_QPN_R"c\R_V ] _MUVV_V,

zcQ h R*e\R_V MOR™_ WI[P mO[aY J[R™ |[X9
TRV _[V_Q QPaTP[Qa\_V ]_R_[a\Q _NcXO[ RP,
ga\R_V" " huQrav[]Y_[P ~_R yR]_bV[QQ_
b [ -:G X[IPE _RR_[a\P ~_R F}VQcPJ _[V_ \U\_
dON_RX&QQ[TY_[P NUV ~ORa\Qa\V[PP[a\ >: G, iR
YINE™) =-&K@)H™) SMNNI) YN Jh™ NsUS-NIK Z)K9
QcPJ IM[Qa\_V ~_V F}0"Vc\W_V ~ R KT_YPRcK9
YcvaX_b R a\V_PM R _V, z[_ “cRcOQ cb] X [9
P P_w_Qa\M[V [IY_[P [QP "R QP& P[Qa\_ w_b[ 9
P_ TXcOQ[b_X,

z[_ z[QQ_RPcP[UV [QP N_RMi]bcR OVP_RS MMM,
T bNPOW,™ _HTObH/ .~HX_[PXUMST\ ~$[Q,T"*

eXZUO0TJZUX dOTFXKJTIal B i0ZUXO

V_RR z[TX9qgcP\, P_a\V, 3 i{ik Vylyr TRU9
WUN[_RP_ cW ~F,>/.~/ cV ~_R xcYOPaP iR
| cO[V]_V[ ORI OV~ h_RW_QQOV]QM_Q V Dxca\9
T_b[ P n\UPUJRCWW_PR[_ OV~ x_RV_RYOV~OV]"
T Rj_a\V[Qa\_V mV[N_RQ[P4P quva\_V W[P ~_R
IRb_[P ,,Hrderungsdetektion in urbanen Ge-
bieten durch objektbasierte Analyse und
schritthaltenden Vergleich von Multi-Aspekt
ALS-Daten JOW zR, R_R, VcP,

~, WOPca\P_R5 nRU", zR,9uV], T gy Kjurr3E J_a\9
V[Qa\_ §V[N_RQ[P4P qiiVa\ VDj i 't

/, wOPca\P_R5 nRUA, ZR,QUV], Hozuwyl Oykiyl9
ayppt  J_a\V[a\_ #V[NRQPaP quva\_V
Djiqr

" wOPca\P_R5 nRUM, zR, R_R, VP, i ik J3{syt
XRCOVAU® Ruok],

SORJI'CQQOV]5

dlOR FOPUWCP[Q[_ROV] ™ R &V _ROV]Q™_P_YP[UV
[V ORbcV_V w_b[ PV M_R™_V PKT[Qa\_RM_[Q_
X_RV_RYOV™OV]Q cP_V J_[PN_RQ PIPcOQ ~ R hU9
1T _RQT_YPIN_ cO"]_VUWW_V OV~ cVeiKQ[ R?,
Zch [ MR™_V b QUV™_R_ FVAR®_ROV]V cV
L VIQPIP_ K VQURYY OV™ [ g P\U[Y

JOR zcP_VcOQM_RPOV] T_QP_XXPE M_VV _[V QUAUR9
P[1_Q hURK_]_V ~_RyR]_bV[QQ_OV_RXaQQX[a\ [QP,
kUfa\_ Bcv'b_"[VIOV] V b QP \_V J,], b [
T R EVP_RQPEPIOV] NUV vODbQa\RcOb_RT[XUP_V
[W Bc\W_V NUV Ub_RMca\0v]QcO*]cb_V U™ R
1_PPOV]Q [VQ&PJ_V,

dOW qUV[PUR[V] Qra~P[Qa\_R w_b[ P_ M[R™
[V QR }Rb_[P_[V_ &V _ROV]Q™_P_YP[UV W[P
zcP_V \ObQa\RcOb_R] PRc]_V_R rcQ _RQacVV_R
NUR]_Qa\¥c]_V D VIX, F[RbURV_ rcQ R kacV9
VIVIEFrk', y[V_ | QUVT R\ [P~ _Q\[_RION_R9
MUXIP_V 3VQcPJ_Q [QP “[_ ] _PRca\POV] NUV g 0X9
PIOFQT_YP }rkdzcP_VE “[_Q[a\ “ORa\ “[_h_R9
M_V~0V] _[V_Q [V ka\Rd]Q[a\P NURcOQbX[aY_V9
~_VrcQ RQacVV_RQ _R]_b_V, z[ Q_ k_VQURYUV9
UTHK-T4MN %31 % 76N, "$ -H( *%) M,ON *)9
VeVVP_V 30" cb_V_RMUR™_Ri[a\ OV~ _RWo]X[a\?
cO» R~ W _[V_"iR Frk QUVQP OVPKT[Qa\_ yR9
(-JIHN" GMN =-JJ-*)NTV+&)N#

UW RQPV J_[X T R IRb_[PM[R™ _[V_ g_P\U9
“[Y NUR]_QP_XXPE “ORa\ ~[_ QUMUNX _[V_ scX[9
bR[_ROV] ~_Q k_VQURQKQP_WQ cXQ cOa\ _[V_ d09
QcWW_VMiNROV] ™~ R OXP[93QT_YP }rk9zcd
PV _[V_QORbcV_Vw_ b[PQ RILFPMR_V, z[_
~cJO b_Qa\R[_b_V_ hUR]_\_VQM_[Q_ [QP [VQb_9
QUV™_R_ cOa\ iR “[_ \[LR OVP_RQOa\P_
ka\Ra]Q[a\P ~_Q rcQ RQacVV RQ J_[JV_P, uW
d0]_ _[V_R UbZ_YPbcQ[ RP_V FVeckkQ_ ~_R _[V9
J_XV_V nOVYPMUXY_V M_R™_V TXcVeR_ xXda\ V9
QPiaY_ W[P v _[V_QK_JW_VP[_ROV]QN_Rc\9
KYNI FINIRU@H)KI. *-J YIN ="V+&)NF-+&JIH 1 J9
N_RA\R_V WP _[V_W I }pk}{9ka\aPIN_Rc\9
R_V YUWD[V[_RP, }VQa\X[ » V™ M_R™_V \UWU9
WUT_ xXda\_VQPiaaY_ cV\cV™ ]_UW_PR[Qa\_R }P9
K, HI) -HIJUN*E" ) X-+&lf &4 ;H'() )IN)K
V_OcRP[1_V q_P\U_ YoVV_V n¥cVcR[PaPQb_~[V9
JOV]_VAGR "[LQ_dOUR™VOV]_V[VK[V_cR_wX_[9
a\OV]QQKQP_W_ iib_R™i\RP M_R™_VE “ORa\ ~_9
R_V roQoVv] Q[a\ _[V_RQ_[PQ “[_ JUR_Q[1\PMsci[9
bRLROV] ~_Q Frk9kKQP_WQ OV~ cV™_R_RQ [PQ
T FVIX [a\oV] T_R Frk9zcP VQaPJ_ ~ORa\9
MINR_V XcQQ v,

ZRIM P J[X " RIRD[PbN\cV [
FV&KIN* YN)K JKN)HIN D)TH) "HN™ JI-11UN9
T _V_ 6V _ROV]QT_P_YP[UVE “[_ cO" ~_V JONUR
N_R_[V\_[PX[a\P_V B_" R VJ~cP V c0"bcOP, yQ
MR™ [V_ V.O_ v ReV] \ VOM_[0_ ™R "V
Qa\R[PP\cP_V™_V h RJX [a\ NUV }rk9zcp V
NURT_QP X, FVQP_XX_ _[V_Q h_R]X [a\Q NuV
NOVYPMUXY_VM_R™_V “cb_["z90cOWb_R_[a\_
_VPieV] " _R FOQbR_[POVIQM_T_ ~_R rcQ RTOXQ_
b_Jiu]X[a\ ~_R dOQPaV™_ leert belegt OV~ unbe-
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LKISSK b_M_RP_P, zcQ ~cJO NUR]_Qa\kc]_V_
hUR]_\_V bcQ[_RP cO* ™ _R g[QQ_VQR_TR&Q_VPcP[9
UV OV™ uVAURWCP[UVQMOQ[UV _VPQTR a\_V~ "R
Z_WTQ_RIK\C" R yN[~_VIP\_UR[ E MUb_[ AV9
derungen als Konflikte in der Raumbelegung
_RY_VVbcR M_R™_V, d0QaPJX[a\ M_R™_V obz_YP9
W_RYWck_ cOQ]_M_RP_PE OW AV~ _ROV]Q R_[19
VIQQ_ N_RQa\[_~_V_V scP_JUR[_V JOJOUR™V_V,
UW TR[PP_V J_[X"_R}Rb_[PM_R_V [ “ORa\9
JMUNRPLV yLT_R[W_VP_ JOR KKQP_WYCK[bR[ 9
ROV]E zcP_VR_J[QPR[_ROV] OV~ AV~ _ROV]Q™_9
P_YP[UV NUR]_QP_XXP OV~ “[QYOP[RP, z[_ sci[9

bRLROV] ~_Q N.AM_V" PV 3rkoyLT R[W_V9
PCXQKQP_WQ YUVVP_ b [ el V _RAcQQP_V ORbcV v
w_b[ P_V JON_RK&QQ[] NUR]_VUWW V M R™_V,
ZcQ ReRb_[PP_ h R'C\R_V JOR Qa\R[PP\CIP V9
>V AV ROV]Q™ P_YP[UV MOR™_ b VAckiQ _R9
AR [a\ cV\eV™ R_ch R qOP[FQT_YP 3rkd
ZcP V NCI[[_RPE MUMGR [V c0Q]_Ma\)P_Q ORbco
V_Q w_b[ P [W }bQPcV™ [V_Q tc\R Q 2 M_[XQ
_VPleV] W_\R_R_R xXOJR[a\POV]_V _R"cQQP MORY

2L 2[00 RPCP[UV [GP N_RAG]beR OVP_R5 MMM,
TABNPOW,™ HTOBH/ .~/M\_b K$T\ ~/$7[Q,T™"

Wettbewerb:
Ableitung von 3D-Strukturlinien aus 3D-Punktwolken

xiiR N[_XaR[]_ 30"cb_V ~ R h RW_(QOV]Q9
N_RMcXPOV]_V ™ RraV> _ROV™ ~ RgcQQ RIOV™
ka\[""c\RPQN_RMciPOV] ~_Q JOV°_Q MR _V
"Z9KPROYPORX[V[_VE J,], "z9]ROa\9 OV w_9
YAV™_YCVPV U™ R “z9scVP_VA[V[ VE cXQ _[V
| cQIOTRUTOYP JOR | _R_[PQP_XXOV] VOPJ_RUR[ V9
PL_RP_R ]_UPUTU]RCT\[Qa\_R NRU™OYP_ b_V&P[]?,
KUM RV [Q_"Zz9KPROYPORK[V[ VO, c, b V&9
P[1P JOR

e h_RNUXXQPAV™[JOV] ~_Q wROV™"cP_Vb_QPcV9
T QWK[VV_ " _Rw_UuvAUzUY OVP_R | _ca\9
POV] ~_Q 33 9KPCV cR™(E
PUTUTRCT\[Qa\_V qU™ X[ ROV] [W }jsuk
| cQ¥zrgt

YCRPUJRcT\[Qa\_V JOQ]_QPciPOV] ~ R }J9
KIS DTK-Reihe,

UTP[W[_RP_V }bi_[POV] NUV zorE

QU™ _XX[_ROV] NUV zwq9g OV~

o \K“RUVOW_R[Qa\_V qU™_X[_ROV],

UV “[LQ_W sUVP_LP [QP Veca\ M[_ NUR _[V_ cO9
PUWCP[Q[_RP_E cOa\ JOW[V™_QP M_[P_QP]_\_V°
COPUWCP[Q[_RP_E TRCL[QR_[* raQOV] JOR FbX [9
POV] NUV "'z9KkPROYPORK[V[_V cOQ "z9nOVYP9
MUXY_V \Ua\ cO"] X6 R }rkdzc? V U R
[ [ YURR XCP[UVQ™CP_V V[a\P N_RMi]bcR, y[V_
€ aS0cP_ roQovV] M[R™ cb_R c0Q “ca\X[a\_V
0V~ MIRPQa\c P{[a\_V wRiV™_V b_VGP[]PE “c
R_QQUORa_V9 OV~ J_[Pb_~[V]P R_[V [VP_RCYP[N_
YRAcQQOV]_V NUV "z 9KPROYPORK[V[_V V[a\P R_c9
X[O[_RbcR Q[V™, h_RPRP_R ~_R NRULYPJROTT_
SHskAZwgl TR Fh MRV [V
CJCRYP_RYOV™0V] JOR kOa\_ NUV [VP_R_QQ[_RP_V
0V~ JROV™QaPIX[a\ 1_[1V_P_V uVQP[POP[UV_V
“ORa\E [ ch[V_ UT_R ciQ JRb_[PQ]_W_[V9

Qa\c® W[P ~_R FOQ*i\ROV] _[V_R xca\QPO™[_
b_cOMRc]P M_R™_V YoVV_V, yb_VQU QUX_V ~[_
sUQP_V ™ _Rxca\QPO™[_cb]_Qa\&rJP M_R™_V,

iW _[V_ nRUbX_WX5Q0V] [W K[VV_ "~ R 1.9
VeVVP_V h RMciPOV]_V JO "URa[ R VE [QP _[V
3-stufiges Vorgehen angedacht:
® kPO ~5 QCRYP_RYOV™OV]

o kPOM /5 xca\Qro™[_
e Stufe 3: Realisierung einer praxisreifen
KU*PMcR_¥6Q0V]

z[_ xca\QPO™[_ QUXX YUVYR_P_ }VQarJ_ OV~
roQOV]_V JOR h RGJOV] QP XX VE OW "z9
KPROYPORK[V[_V c0Q "z9InOVYPMUKY_V TRcL[Q9
R_[" cbJOX_[P_V,

dOR YRQP_XXOV] ~_R xca\QPO"[_ M_R™_V ~_W
JFOMPRCIV_\W R _L_WTicR[Qa\_ =zcP VE "z9
nOVYPMUXY_VE JOR h_RMGJOV] ] QP XPE cV ™9
V_V Vea\]_ M[Q V MR _V QUIE [V M_fa\_R
mOCVP[PaP OV~ mOcX[PaP "*z9IKPROYPORX[V[_V iR
"L RJCNCVP_V nRUTOYPYXcQQ V' ]_XaV™_YXcQ9
Q Vb _JULV ch] X [P.P MR™_V Y&VV_V, zcQ
hUR]_\_V _[VQa\X[_»X[a\ cXX R }VQaPJ_ WI[P ~_V
FXJURPAW_V OV~ ~_V FVAUR™_ROV] V cV "
kPOM_ " [QP ™ _Pc[XX[_RP JO “UYOW_VP[ RV,

uVP_R_QQ[_RP_ uVQP[POP[UV_V Y&VV_V M_[P_R]_9
\_V"_ uVAURWCP[UV_V OVP_R MUX]_V™_W sUV9
PcYP cVAUR™_RV, y[V_uVP_R_QQ_Vb_YOV~0V] JOR
J_[XVe\W_ cW g_PPb_M_Rb [QP b[Q YV~ _ éRJ
/.~ JOQPXCVeVh

HERBERT BROCKMANN
JOV™_QcVQPeXP MR w_MaEQQ RYOV™ _
JA587>D. [~ -/~
_9Wec[¥s bRUaYWeVV I be ],
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--1, z_J Wb RS "zI9pUR~OQ /.~/E ~1, }V9
M_V~OV]Qb_JU]_V_R gURYQ\UT JOR yR"cQ9
QOV]E U™ _XX[_ROV]E h_RcRb_[POV] OV~ 30Q9
M_RPOV] NUV "z9zcP V cW wxcu [V ]_R{[V9
FKRQNUA, TOVURTUQP, T,

.<3)

~-,—F, tcVOcRs gURYQ\UT UV P\_ }TTK[acy
P[UVQ UM LUWTOP_R h[Q[UV bDg}H{h 7.~ [V
{X_cVMcP_R | _ca\t JcWTct ik}, aNk,aQ_,Qa,
_"OHMcaN/ .~

~"*—~7, x_bROCRS of™_VbOR]_R "z9jc]_ ¢ 9
\Q,"_#"Pc]

~1,-/", x_bROCRS ~1, uVP_RVCP[UVCK_ w_U &P[9
0a\_ gUa\_ [V ob_RJORTE O RR [a\, O[bY,
ca,cPIN_RW_QQOV]HN_RcVQPciPOV]HUb_R]ORTY,
\PW

/1, X _bROCR — ~, QdRJ5 zwnx tc\R_QPc]OV]
/.~"DzR_[faV™_RPc]OV]" [V xR_[bOR], ~]TA,
" _HV_OHZc\R_QPcTOVIHVAURWEPIUV_V,\PW

<" ~:, QiR w_U[VAURWCP[aQ /.~"" [V v_[9
> ¥b_R], T_U[VARWCP[Y/ .~
/., QR /.~ uVP_RVCP[UVCK Q "z IxU9
ROW [V CcOE "~ UROW, [

/7~/F, gaR¥s }knlk }VvvOcX g_P[V] [V
[cP[WUR_E §KJ}, cQTRQURJHLUV R_Va_QH
| cP[WUR_9/ .~"

/~~/", ¥TR[5 tU[VP iRbcY 1 WUP_ Kk \VQ[V]
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