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3D Geographical Information Systems need 3D reptatens of ob-
jects and, hence, 3D data acquisition and recarigirumethods. Devel-
opments in these two areas, however, are not cdngatvhile numerous
operational sensors for 3D data acquisition arelilseavailable on the
market (optical, laser scanning, radar, thermabuatic, etc.), 3D recon-
struction software offers predominantly manual aechi-automatic tools
(e.g. Cyclone, Leica Photogrammetry Suite, Photodlerdor Sketch-up).
The ultimate 3D reconstruction algorithm is stiltlzallenge and a subject
of intensive research. Many 3D reconstruction apghnes have been in-
vestigated, and they can be classified into twgdagroups, optical image-
based and point cloud-based, with respect to theosaised, which can be
mounted on different platforms.

Optical Image-based sensors produce sets of simgieultiple images,
which combined appropriately, can be used to cr&atepolyhedronal
models. This approach can deliver accurate, detaitsalistic 3D models,
but many components of the process remain manwsmi-manual. It is a
technique which has been well-studied and docurdefg#ee Manuals of
Photogrammetry, 2004; Henricsson and Baltsavia8,/;19ao and Hu,
2001).

Active scanning techniques, such as laser and @acaugthods, have
been an enormous success in recent years becayseath produce very
dense and accurate 3D point clouds. Applicatioas tleed terrain or sea-
bed surfaces regularly make use of the 2.5D grdaiimed from airborne
or acoustic points clouds. The integration of dirgeo-referencing (using
GPS and inertial systems) into laser scanning @olres has given a fur-
ther boost to 3D modelling. Although extractionhafight (depth) informa-
tion is largely automated, complete 3D object rstarction and textures
(for visualisation) are often weak, and the amafrdata to be processed



is huge (Maas and Vosselman, 1999; Wang and Scl2ftl); Rotten-
steiner et al 2005).

Hybrid approaches overcome the disadvantages mewgtiabove by us-
ing combinations of optical images, point cloud adand other data
sources (e.g. existing maps or GIS/CAD databa3es), (2006). The com-
bination of images, laser scanning point clouds exidting GIS maps is
considered to be the most successful approach tnatically creating
low resolution, photo-textured models. There amgowes promising studies
and publications focused on hybrid methods (Schevattal, 2005; Pu and
Vosselman, 2006) and even on operational solutibimsse approaches are
generally more flexible, robust and successful fequire additional data
sources, which may influence the quality of the elod

In summary, 3D data acquisition has become ubigsjtéast and rela-
tively cheap over the last decade. However, theraation of 3D recon-
struction remains a big challenge. There are varapproaches for 3D re-
construction from a diverse array of data soureesl each of them has
some limitations in producing fully automated, deth models. However,
as the cost of sensors, platforms and processigviage decreases, simul-
taneous and integrated 3D data collection usingdiphellsensing technolo-
gies should allow for more effective and effici@m object reconstruction.

Designing integrated sensor platforms, processitiategrating sen-
sors measurements and developing algorithms foregionstruction are
among topics which should be addressed in thefmaae. Besides these,
| expect several more general issues to emerge:

1. Levels of Detail (LOD). Presently, a 3D recoustion algorithm is
often created for a given application (e.g. ca@astavigation, visualisa-
tion, analysis, etc.), responding to specific regmients for detail and real-
ism. Indeed, 3D reconstruction is closely relatedite application that
uses the model, but such a chaotic creation of dets may become a
major bottleneck for mainstream use of 3D datahim Yery near future.
Early attempts to specify LOD are already beingedby the CityGML
team, but this work must be further tested ancheefi(DolIner et al, 2006).

2. Standard outputs. Formalising and standardittiagputputs of the re-
construction processes with respect to formal nwdatl schemas as de-
fined by OGC is becoming increasingly importantri@atly, most of the
algorithms for 3D reconstruction result in propaigt formats and models,
both with specific feature definitions, which freopily disturb im-
port/export and often lead to loss of data (e.gnggiry detail or texture).

3. Integrated 3D data acquisition and 3D modellingluding subsur-
face objects such as geologic bodies, seabedtiastiiaknd underground
construction. Traditionally, the objects of intdrésr modelling in GIS
have been visible, natural and man-made, usuatlyethe surface. As the



convergence of applications increases, various d@m@.g. civil engi-
neering, emergency response, urban planning, cadast.) will look to-
wards integrated 3D models. With advances in umdergl detection
technologies (e.g. sonic/acoustic, ground penetratidar), already devel-
oped algorithms can be reapplied to obtain modelsiderground objects.

4. Change detection. Detection of changes is gminmay a crucial role
in the maintenance and update of 3D models. Asgythist automated 3D
acquisition mechanisms will be available, the aiitiigh costs of acquiring
multiple data sources can be balanced and justifiéénges can then be
detected against existing data from previous perardnitial design mod-
els (e.g. CAD). In both cases, robust and efficigbtcomputational ge-
ometry algorithms must be studied.

5. Monitoring dynamic processes. The focus of 3@nstruction is still
on static objects. Although most sensors producel@@, hardly any dy-
namic 3D reconstruction is presently being donestMitynamic software
relies on geovisualisation tools (e.g. flood moniitg; Jern, 2005) for
analysis and decision making.

References

Déllner, J., T. Kolbe, F. Liecke, T. Sgouros, Talds Teichmann, 2006, The Vir-
tual 3D City Model of Berlin - Managing, Integraginand Communicating
Complex Urban Information, In: Proceedings of tfi¢h2Urban Data Manage-
ment Symposium UDMS 2006 in Aalborg, Denmark, MaylT. 2006.

Maas, H., Vosselman, G., 1999. Two algorithms fxtraeting building models
from raw altimetry data, ISPRS JPRS, 54: 153-63.

Manual of Photogrammetry, 2004, 5th Edition, EditoiChief, Chris McGlone,
Ed Mikhail, and Jim Bethel, ASPRS publisher, ISBN57083-071-1, 2004

Henricsson O., and E. Baltsavias, 1997. 3D buildetpnstruction with ARUBA:
a qualitative and quantitative evaluation, Automafian-made Object Extrac-
tion from Aerial and Space Images (A. Griin, O. Kaeband P. Agouris, edi-
tors), Birkhaeuser Verlag, Basel, pp. 65-76.

Jern, M. 2005. Web based 3D visual user interfad®bd forecasting system, in:
Oosterom, Zlatanova&Fend@ds.)Geo-information for Disaster Managemetht
Springer-Verlag, ISBN 3-540-24988-5, pp. 1021-1039

Pu, S., Vosselman, G., 2006, Automatic extractibbwlding features from ter-
restrial laser scanning International Archives dio®grammetry, Remote
Sensing and Spatial Information Sciences, vol.gaét 5, Dresden, Germany,
September 25-27, 5 p.

Rottensteiner, F., J. Trinder, S. Clode, K. KuldRp5, Automated delineation of
roof plans from LIDAR data, ISPRS WG I1lI/3, 111/A{/3 Workshop "Laser
scanning 2005", Enschede, the Netherlands, Septet@b#4, 2005, pp. 221-
226.

Schwalbe, E., H.G. Maas, F. Seidel, 2005, 3D bogdinodel generation, from
airborne laser scanner data using 2D GIS data ehdgwnal point could pro-



jections, ISPRS WG III/3, 11l/4, VI3 Workshop "Lasscanning 2005", En-
schede, the Netherlands, September 12-14, 20089phP4.

Tao, V. 2006, 3D data acquisition and object rettantion for GIS and AEC, in:
Zlatanova&Prosperi (Eds.) 3D Geo-DBMS, in ‘3D lagsale data integration:
challenges and opportunities, CRC Press, Taylor&¢isaGroup, pp. 39-56

Tao, C. V. and Y. Hu, 2001. A Comprehensive StudyThe Rational Function
Model For Photogrammetric Processing, Photogramendingineering and
Remote Sensing, Vol. 67, No. 12, pp. 1347-13581200

Wang, Z., Schenk, T., 2000. Building extraction aedonstruction from lidar
data, IAPRS, 17-22 July, Amsterdam, vol. 33, p&t Bp. 958-964



