= International Society for Photogrammetry and Remote Sensing @
lsprs Société Internationale de Photogrammeétrie et de Télédétection ]Sprs

Internationale Gesellschaft fur Photogrammetrie und Fernerkundung

THE INTERNATIONAL ARCHIVES OF THE PHOTOGRAMMETRY, REMOTE SENSING AND SPATIAL INFORMATION SCIENCES
ARCHIVES INTERNATIONALES DES SCIENCES DE LA PHOTOGRAMMETRIE, DE LA TELEDETECTION ET DE L'INFORMATION SPATIALE
INTERNATIONALES ARCHIV FUR PHOTOGRAMMETRIE, FERNERKUNDUNG UND RAUMBEZOGENE INFORMATIONSWISSENSCHAFTEN

VOLUME PART
S OXXXVII # 3 /W
BAND TEIL

ISPRS Workshop

Laserscanning 09

Paris, France
September 1 — 2, 2009

Papers accepted on the basis of peer-reviewed full manuscripts

Editors
F. Bretar, M. Pierrot-Deseilligny, G. Vosselman

Organised by
ISPRS WG I111/2 "Point Cloud Processing"
MATIS Laboratory, Institut Géographique National, Saint-Mandé, France
Société Frangaise de Photogrammeétrie et de Télédétection (SFPT)

Co-organised by
ISPRS WG V/3 "Terrestrial Laserscanning and 3D Imaging"
ISPRS WG 1/2 "LiDAR, SAR and Optical Sensors for Airborne and Spaceborne Platforms"
ISPRS WG VII/7 "Theory and Experiments in Radar and LiDAR"

Supported by
Institut Géographique National

ISSN 1682-1750



This compilation © 2009 by the Intermational Society for Photogrammetry and Remote
Sensing. Reproduction of this volume or any parts thereof (excluding short quotations for the
use in the preparation of reviews and technical and scientific papers) may be made only after
obtaining the specific approval of the publisher. The papers appearing in this volume reflect
the authors' opinions. Their inclusion in this publication does not necessarily constitute
endorsement by the editors or by the publisher. Authors retain all rights to individual papers.

Cooperating ISPRS Working Groups

- ISPRS WG 1ll/2 - Point Cloud Processing

-ISPRS WG V/3 - Terrestrial Laserscanning and 3D Imaging

-ISPRS WG 1I/2 - LiDAR, SAR and Optical Sensors for Airborne and Spaceborne Platforms
- ISPRS WG VII/7 - Theory and Experiments in Radar and LiDAR

ISPRS Headquarters 2008-2012

c/o Chen J un, Secretary General of ISPRS

National Geomatics Centre of China

1 Baishengcun,Zizhuyuan

Beijing 100048, PR China

Email:chenjun@nsdi.gov.cn; chenjun_isprs@263.net
Phone: 486 10 6842 4072

Fax: 486 106842 4101

ISPRS WEB Homepage: http://www.isprs.org

Published by
Société Francaise de Photogrammétrie et de Télédétection

Available from

GITC bv

P.0.Box 112

8530 AC Lemmer

The Netherlands

Tel: 431 (0) 514 56 18 54
Fax: 431 (0) 514 56 38 98
E-mail: mailbox@gitc.nl
Website: www.gitc.nl



Contents

Preface . ... vii

WOorkshops COMMILIEES . ... ... ... ... ettt ettt ettt et viii

Object detection in airborne lidar data for improved solar radiation modeling in urban areas,
Andreas Jochem, Bernhard Hofle, Markus Hollaus, Martin RUIZINGer . ...............ueuuieeuineunnennnn. 1

Automatic Extraction of Vertical Walls from Mobile and Airborne Laser Scanning Data,
Martin Rutzinger, Sander Oude Elberink, Shi Pu, George Vosselman . .............. ... uiiiineunenn... 7

New Integration Approach of Photogrammetric and Lidar Techniques for Architectural Surveys,
Francesco Nex, Fulvio Rinaudo . ...... ... ... .. . . . @ e i 12

Verification of a building damage analysis and extension to surroundings of reference buildings,
Miriam Hommel ... ... ... ... ettt e et e e e 18

Adaptation of Roads to ALS Data by Means of Networks Snakes,
Jens Goepfert, Franz ROMENSICINET ... ... ... oottt e et et e e et e et et 24

Lidar Filtering Algorithm for Urban Flood Application,
Ahmad Fikri Abdullah, Alias Abdul Rahman, Zoran VOJINOVIC .. ....... ... uiii et 30

Denoising Point Cloud Data of Small-Structured Free Form-Surfaces Captured by a Phase-Based Laserscan-
ner,
Eva RiChter . ... ... 37

High Resolution Data from Laser Scanning and Digital Photogrammetry Terrestrial Methodologies. Test Site:
An Architectural Surface,
Massimo Fabris, Vladimiro Achilli, Giuseppe Artese, Ginevra Boatto, Denis Bragagnolo, Gianmaria Concheri,
Roberto Meneghello, Andrea Menin, Aldo TreCroCT .. ....... ... i 43

Target Graph Matching for Building Reconstruction,
Sander Oude EIberink .. ... .. ... 49

Orientation and Processing of Airborne Laser Scanning data (OPALS) - concept and first results of a compre-
hensive ALS software,
Gottfried Mandlburger, Johannes Otepka, Wilfried Karel, Wolfgang Wagner, Norbert Pfeifer ................. 55

An improved approach for automatic detection of changes in buildings,
Leena Matikainen, Juha Hyyppd, Eero Ahokas, Lauri Markelin, Harri Kaartinen .......................... 61

Effects on the measurements of the terrestrial laser scanner HDS 6000 (Leica) caused by different object ma-
terials,
Thomas Voegtle, Sascha Wakaluk . . ... ... ... ... . . ettt et 68

il



In: Bretar F, Pierrot-Deseilligny M, Vosselman G (Eds) Laser scanning 2009, IAPRS, Vol. XXXVIII, Part 3/W8 — Paris, France, September 1-2, 2009

Terrestrial Laser Scanning Combined with Photogrammetry for Digital Outcrop Modeling,
Simon Buckley, Ernesto Schwarz, Viktor Terlaky, John Howell, Bill Arnott ..........c.cuuiieiiiniinennn.. 75

Automatic Road Extraction from Lidar Data Based on Classifier Fusion in Urban Area,
Farhad Samadzadegan, Behnaz Bigdeli, Michael Hahn ........... ... . . . i, 81

Generation of Spatial Information System for Architecture with Laserscanning Data,
Luigi Fregonese, Marco Scaioni, Laura Taffurelli . ...... ... . . . . . . e 87

Methods for the automatic geometric registration of terrestrial laser scanner point clouds in forest stands,
Anne Bienert, Hans-Gerd MAGS ... ...... ...ttt et et e 93

Application of TLS for Change Detection in Rock Faces,
Mario Alba, Fabio Roncoroni, Marco SCAiONI .. ........ .. ... . e e e 99

Automatic 3D Powerline Reconstruction Using Airborne LIDAR Data,
Yoonseok Jwa, Gunho Sohn, Heungsik Brian Kim ... ... .. .. ... ..ottt 105

Detection of curbstones in airborne laser scanning data,
George Vosselman, LIGng ZROU ... ..... ...ttt e e et 111

Automatically reconstructed roof shapes for LiDAR strip adjustment and quality control,
Matthias Rentsch, Peter KrzyStek .. ... ... ..ottt e e e e et 117

Tree Crown Delineation from High Resolution Airborne Lidar Based on Densities of High Points,
Muhammad Zulkarnain Abd Rahman, Ben GoOrte .. ....... ... ... ... 123

Curvature Analysis of Lidar Data for Single Tree Species Classification in alpine Latitude Forests,
Andrea Barilotti, Fabio Crosilla, Francesco Sepic ... .... ... ..o e ittt 129

Combination of Low Pulse ALS Data and TERRASAR-X Radar images in the Estimation of Plot-Level Forest
Variables,
Markus Holopainen, Reija Haapanen, Mika Karjalainen, Mikko Vastaranta, Juha Hyyppd, Xiaowei Yu, Sakari
Tuominen, Hannu HYYPPG . . ... ..ot e e e e e e e e e e e e e e 135

A role for Airborne Laser Scanning Intensity Data in Vertical Stratification of Multilayered Ecosystems,
Felix Morsdorf, Anders Marell, Eric Rigolot, Britta ALIgower ............c...ouiieeee i, 141

Comparison of ALS-Based Low-Pulse Density Forest Inventories,
Mikko Vastaranta, Markus Holopainen, Reija Haapanen, Xiaowei Yu, Timo Melkas, Juha Hyyppd, Hannu Hyyppd 147

Estimating Vertical Leaf Area Density Profiles of Tree Canopies Using Three-Dimensional Portable Lidar
Imaging,
Fumiki Hosoi, Kenji OMASQ . ... ...ttt e ettt e e et 152

A Deciduous-Coniferous Classification and Internal Structure Derivation Using Airborne Lidar Data,
Connie Ko, Gunho Sohn, Tarmo Remmel .. ..... ... . . . . . . @ e e 158

Referencing of images to laser scanner data using linear features extracted from digital images and range
images,
Nadine Meierhold, Armin Schimich ... ... ... .. . .. . e 164

v



In: Bretar F, Pierrot-Deseilligny M, Vosselman G (Eds) Laser scanning 2009, IAPRS, Vol. XXXVIII, Part 3/W8 — Paris, France, September 1-2, 2009

The Impact of Angle Parametrisation on Terrestrial Laser Scanner Self-Calibration,
Derek LICRIT ... ...t e e e e e e e e 171

Calibration of a Riegl LMS-Z420i based on a multi-station adjustment and a geometric model with additional
parameters,
Danilo SChReider ... ... ... ... ..ttt e e 177

Incidence angle influence on the quality of Terrestrial Laser Scanning points,
Sylvie Soudarissanane, Roderik Lindenbergh, Massimo Menenti, Peter Teunissen .......................... 183

Automatic 3D Points Cloud Registration for Cultural Heritage Documentation,
Eleftherios Tournas, Maria TSAKIFT ... ... ... ettt et ettt et 189

Investigating adjustment of Airborne Laser Scanning strips without usage of GNSS/IMU trajectory data,
Camillo Ressl, Gottfried Mandlburger, Norbert Pfeifer .. ... ... . ... . .. 195

A stochastic approach for modelling airborne lidar waveforms,
Clément Mallet, Florent Lafarge, Frédéric Bretar, Michel Roux, Uwe Soergel, Christian Heipke .............. 201

Airborne Lidar feature Selection for urban classification using random forests,
Nesrine Chehata, Li Guo, Clément Mallet . ........ .. ... . . . . i e 207

Normalization of Lidar Intensity Data Based on Range and Surface Incidence Angle,
Boris Jutzi, Hermann GrOSS ... ..........ouuuue ettt e e e 213

Topographic and Distance Effects in Laser Scanner Intensity Correction,
Sanna Kaasalainen, Ants Vain, Anssi Krooks, Antero Kukko ...... ... ... . . . . . . @ .. 219

Integration of full-waveform information into the airborne laser scanning data filtering process,
Yu-Ching Lin, Jon MIlLs . ... .. o e e e e e e e e 224

Semantic feature based registration of terrestrial point clouds,
Anisha Thapa, Shi Pu, Markus Gerke . ....... ... ..o e ettt et 230

Automatic Break Line Determination for the Generation of a DTM Along the River Main,
Christian Briese, Gottfried Mandlburger, Camillo Ressl, Herbert Brockmann .............................. 236

Pathway detection and geometrical description from ALS data in forested mountaneous area,
Nicolas David, Clément Mallet, Thomas Pons, Adrien Chauve, Frédéric Bretar .................ccccueuui.. 242

Color-Based Segmentation of Point Clouds,
Qingming Zhan, Yubin Liang, YInghui Xiao . ....... ... ..o eu ittt ettt 248

Robust Pose Estimation of Moving Objects Using Laser Camera Data for Autonomous Rendezvous and Dock-
ing,
Farhad Aghili, Marcin Kuryllo, Galina Okouneva, Don McTavish ............ ... .. . . uiiuiieinnnnnnn... 253

A Feature Based Approach to Automatic Change Detection from Lidar Data in Urban Areas,
Kyoungah Choi, Impyeong Lee, Seongjoon Kim ... ...... ... oottt 259

Investigations on Ambiguity Unwrapping of Range Images,
BOTis JUIZI . . oo e e 265


markus
Notiz
None festgelegt von markus

markus
Notiz
MigrationNone festgelegt von markus

markus
Notiz
Unmarked festgelegt von markus


In: Bretar F, Pierrot-Deseilligny M, Vosselman G (Eds) Laser scanning 2009, IAPRS, Vol. XXXVIII, Part 3/W8 — Paris, France, September 1-2, 2009

Terrestrial Laser Scanner Point Cloud Denoising for Small Size Objects ,
Eddie Smigiel, Emmanuel AlDy, Pierre GrUSSERIMEYET .. .. ..o et ettt et ie e 271

Variants to compute variance information for mass data,
Harald Vennegeerts, Hansjorg KUIETer .. ... ... ..ottt et et 277

A New Method for Individual Tree Delineation and Undergrowth Removal from High Resolution Airborne
Lidar,
Muhammad Zulkarnain Abd Rahman, Ben Gorte, Alexander Bucksch ............ ... ... ... ... ...... 283

Estimating Carbon Stocks of Coniferous Woody Canopy Trees Using Airborne Lidar and Passive Optical Sen-
sor,
Yohei Nakai, Fumiki Hosoi, Kenji OMasa . ......... ... .. ueuue ettt ittt 289

Filtering of TLS Point Clouds for the Generation of DTM in Salt-Marsh Areas,
Alberto Guarnieri, Francesco Pirotti, Antonio Vettore, Marco Marani ............... ... . iiuiuineneno.. 293

Operational Mapping of the Environmental Condition of Riparian Zones over Large Regions from LiDAR
Data,
Kasper Johansen, Lara Arroyo, Stuart PRINI . ... .. ... e e e e 299

Ortho-Rectified Facade Image by Fusion of 3D Laser Data and Optical Images,
Ayman Zureiki, MICRel ROUX ... .. ...ttt e e e e e e e e e e e e et 305

Usability of Sunlit - Shaded Area Separation in Individual Tree Species Classification,
Eetu Puttonen, Paula Litkey, Juha HYYPPA . .. ...t e e e e e e e e 311

Aerial Images and Lidar Data Fusion for Automatic Feature Extraction using the Self-Organizing Map (SOM)
Classifier,
Mahmoud Salah, John Trinder, Ahmed Shaker, Mahmoud Hamed, Ali Elsagheer ........................... 317

Decision Trees on Lidar to Classify Land Uses and Covers,
Jorge Garcia-Gutierrez, Luis Gongalves-Seco, Jose C. Riquelme-Santos .......... . ... ... .. 323

Filtering of Artifacts and Pavement Segmentation from Mobile LiDAR Data,
Jorge Hernandez, Beatriz MarcOtegUI . ............ ... a e 329

Clustering of Lidar Data Using Particle Swarm Optimization Algorithm in Urban area,

Farhad Samadzadegan, Sara Saeedi .. ...... ... . ... . . . . 334
AUhor INAeX . ... 340
KeyWord INdexX ... ... it e e e 342

vi


markus
Notiz
None festgelegt von markus

markus
Notiz
MigrationNone festgelegt von markus

markus
Notiz
Unmarked festgelegt von markus


Preface

Laserscanning 2009 is an event organised by the ISPRS Commission III "Photogrammetric, Computer Vision and Image
Analysis" and the Working Group III/2 “Point Cloud Processing”, with the help of the Société Francaise de Photogram-
métrie et de Télédétection and the French Institut Géographique National.

It is the sixth edition of the ISPRS workshop dedicated to the processing and the analysis of point clouds acquired and
generated from active airborne and terrestrial sensors.

LiDAR data have been studied for many years. They are widely used, from accurate city modelling to many thematic
approaches (e.g., forestry, hydrology) where the topography and the land cover is involved. Based on LiDAR data as well
as data from other sensors, surveyors and scientists have built an operational framework to extract spatial information, but
also are facing challenging tasks to enhance the current point cloud processes. The focus of the workshop lays on new
data, methodologies, algorithms and applications related to the processing of point clouds as well as sensor improvements
and new sensor-driven calibration techniques.

The range of topics covered by the worshop is reflected by the cooperating ISPRS working groups:

e WG I/2 "LiDAR, SAR and Optical Sensors for Airborne and Spaceborne Platforms"

WG 11172 "Point Cloud Processing”

e WG V/3 "Terrestrial Laserscanning and 3D Imaging"

WG VII/7 "Theory and Experiments in Radar and LiDAR"

We received 96 papers submitted by authors from 25 countries. The papers have undergone a rigorous double blind
review process performed by the members of the scientific committee. Each paper has been reviewed at least by two
members of the scientific committee. The name and affiliation of the authors where not told to whom reviewed the paper.

62 papers have been accepted. There were 6 oral sessions (Urban, Classification, Pattern Recognition, Forestry, Physical
Modelling and Full-Waveform, Geometrical Modelling) with altogether 31 papers and two interactive sessions where 27
papers were presented.

Finally, the editors wish to thank all contributing authors as well as the members of the scientifc committee for their
tremendous involvement in the reviewing process. In addition, we would like to express our thanks to the Local Organizing
Committee without whom the event could not have been possible.

Paris and Enschede, July 2009

F. Bretar, M. Pierrot-Deseilligny, G. Vosselman
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