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ABSTRACT

Among the variety of problems in providing 3D information about topographic objeds, efficient data
colledion and model construction are isaues for reseach. The dforts are direded towards improving the
tedious, time and man-power consuming processof data generation by applying automation. In this paper,
we present a semi-automatic method for acquiring 3D topdogicdly structured data from aeia stereo
images. The process involves the manual digitising of a minimum number of points necessary for
automaticdly reconstructing the objeds of interest. Validation of ead remnstructed oljed is done by
superimposition of its wire frame graphics in the stereo model. The 3D topdogicdly structured data ae
stored in a database and also used for visuali sation of the objeds.
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1. INTRODUCTION

3D modelling hes becwme a topic of intensive
investigations. Increased demand for 3D information
in various applications, the availability of powerful
hardware and computer graphics have ntributed to
focusing of attention on the third dmension. A
variety of adivities, ranging from architecural design
to environmental analysis require onstruction of 3D
models.

Althoughthe objeds of interest are dependent on the
particular application, topographic objeds of
common interest are buildings and other man-made
structures. Therefore most of the aurrent reseach
efforts are direded towards methods for
remnstruction of man-made objeds. Buildings
exhibit an amazng variety of design. The regular
shapes (eg, redanguar shapes, verticd walls) of
some of the buildings often gve a misealing
impresson that reconstruction of the building from its
geometric primitives is an easy task. The lak of
operational automatic methods for  building
reqonstruction is an indication that the task is not as
easy and simple @ it seams. The problem is mainly
related to appropriate methods of colleding
information about “the third dmension” of buil dings,
ie, their heights, roofs, facales, windows, etc. In
genera two different approaches, ie, “top-down” and
“extrusion”, are utilised to recnstruct buildings. In
the first approach, measured elements are upper parts

of buildings, eg, roof outlines, while in the second,
the remnstruction starts from the footprints. Which
method is better depends upon a number of
considerations such as desired resolution (complex
roofs or redanguar boxes), available sources (2D
GIS and/or aeia images), hardware and software,
purpose of the model. House roofs $ow a wide
variety of shapes, which make their classficaion
challenging but necessry for establishment of a
standard procedure. The top-down approach allows
more details about the roofs to be wmlleded but
requires longer and complex processng of data
[Brunm6] [Hendr97]. The etrusion method is
applicable in the cae of known foatprints, eg, from
cadastral maps, and heights derived from images
without roof detal [Lammi97]. Although the
resolution of the model is very low the dgorithms for
remnstruction are smple ad adlow fast
implementation. Some vendors, eg, ESRI have
aready relesed extensions to available software
utili sing this approach [Pil ou97].

In this paper we present a method hased on
[Tempfo6] for 3D recnstruction of buildings, and
surface line and pant objeds such as greds, parking
lots, power lines, lamp pasts, manholes, etc. The
procedure for buildings is based on manualy
digitisng the wrners of roof facds in a
photogrammetric stereo model, thus creding a
“skeletal point cloud”. The remnstruction consists of
automaticdly computing and assmbling al the
facas of the building from this point cloud. The



model obtained in this way contains planar closed
polygons (faces) which are oriented to med the
requirements of rendering engines, ie, the normal
vedor of the faces points towards the outside of the
building. The rewmnstruction rules for other

topographic objeds are in most cases smpler than
those for buildings. Each objed of interest is
procesed individualy and after reoonstruction
superimposed in the stereo model for validation.
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Figure 1: Digitising and co-or dinate extraction

Although advances have been reported in automatic
building extradion, human intervention at some
stage of the processis dill i ndispensable. Current
methods that aim at automating fedure extradion
require manual work for grouping and cleaning the
data set [Hendr97], or for matching and fitting
predefined shapes [BrunrB€], [GrinA96]. The more
complex the topography and the higher the required
resolution of its model, the superior is human
interpretation of the stereo model. It can be mupled
then with simultaneous manual digitising. The
operator has a better judgement on the composition
of a building. Consequently, a sufficient number of
optimally distributed pants can be measured, which
reduces the time and effort in editing. It aso offers
the posshility to process a greder variety of
feaures than could not otherwise be done.

We reomnstruct a building from a skeletal point
cloud as a set of poygons without predefined
shapes or volumetric primitives. A surface objed
such as a stred can reaily be as®mbled to a
polyhedron, all vertices being digitised. Since our
model is gored in a B-rep data structure, 3D
topdogy is maintained and parametric description
of feaures is not suppated (unless $ape
parameters are admitted for arcs and faces).

Considerations that motivated our work on this

approach can be summarised as foll ows:

e ladk of fully automated remnstruction in the
nea future

e complexity of urban topagraphic objeds and
flexibility of the processof reconstruction

» 3D topdogicdly structured data fadlit ating 3D
gpatial analysis

*  proper orientation and trianguation of faces for
purpose of visuali sation of the model

« feashility of implementation on commercially
avail able systems

e storing original measurements.

2. DESCRIPTION OF THE METHOD

The procedure is based on the dasscd
photogrammetric goproach of aaquiring data. The
processfollowed in the experiment is represented in
Appendix B. Appendix A gives an indicaion of the
caegorisation of objeds in suppat of describing
the data wlledion strategy.



The described process of remnstruction assumes
that buildings have only verticd walls, without
windows and doas, and non-over-hanging roof
facds, ie, roof outlines are projeded to the DTM to
obtain their footprints. If spedficaions would ask
for taking into acount differences in projedion
between roof and huilding floor additional
measurements and/or computations would be
required. Lean-to roofs not being part of a solid
objed are digitised and stored as surfaces.

Testing of the procedure was done using a digital
photogrammetric workstation (Traster T10), CAD
pakage (Microstation), and the in-house
developed software Consob. Digital agial images
1:2200 d the central part of Enschede were used
for the experimental work.

The main steps involved in the procedure ae:
Data Acquisition

Data Processng

Superimpaosition

Database Updating

Visualisation

arwdPE

2.1 Data Acquisition

2.1.1 DTM generation

A key element in our building remnstruction
approach isthe Digital Terrain Model (DTM) of the
area The DTM has to be generated in advance
Various methods ach as photogrammetry,
surveying, etc. can be gplied for this purpose.
Even though the equipment we have is cgpable of
producing DTM automaticdly, we measured terrain
elevation values manually. Our experimental work
showed that generating DTM automaticaly is not
suitable for densely built-up urban aress. Editing of
the aitomaticdly generated DTM usually was more
time consuming. Seaondly, often a lot of feaures
coinciding with the ground surface (eg, streds)
have to be digitised anyway. They should be
digitised prior to measuring spot heights and than
both data sets be used for DTM generation. For our
model we digitised only those points necessary for
describing surfaceohbjeds. The number of measured
points and their distributions were sufficient for
creaing Trianguar Irregular Network (TIN), which
was used in re-constructing the buil dings.

2.1.2 Buildings

For digitising and superimposition we used
Microstation on Traster T10. The process of data
colledion consists of measuring the points of
interest from the stereo model in the Traster and
extrading their co-ordinates into files using an
extension of Microstation (MDL application) - see

Figure 1. Digitising starts with the vertices of the
eave line, which is used for projedion onto the
DTM and constructing foatprints and verticd walls.
A restriction on the sequence of digitising, ie, anti-
clockwise, is imposed only for the eae paints in
order to fadlit ate orientation of all the other facesin
the same anti-clockwise order.

All the other rodf points can be digitised in arbitrary
order. Extradion of the @-ordinates is done by
bordering the points constituting a roof face with a
fence (atod of Microstation) and recording them in
a separate file. In this way al the facds of a
particular roof are stored in a set of files. Each
building is processed individualy later, however
digitising could be done for several buildings at a
time.

2.1.3 Other topographic objects

The digitising and co-ordinate extradion procedure
is the same for the other caegories of objeds.
Points bounding a surface aong a line or
presenting point objeds, are measured, grouped in
the crresponding Microstation view, and extraded.
The rule for anti-clock digitising has to be foll owed
for surfacefedures. Since the digitising is feaure
oriented, no restrictions on the shape of the polygon
or number of the vertices are impaosed. As a result
concave ad nested pdygons can be obtained quite
often (seeFigure 3).

2.2 Data processing

Procesing of data involves sveral steps, which
finally leads to the construction of a topdogicdly
consistent 3D model. The procedure depends on the
feaure to be proces=d, ie, a building, surface line
or paint. The prototype system also permits smple
coding of semantic information such as type of the
building or spedficaion of the surfaceobjed, to be
recorded when procedure starts.

The roof complexity is the leading consideration for

a) b)
Figure 2: Threemajor types of roofs

the manner of building re-construction. The
classgfication of the roof shapes iown in Appendix
A allowed us to distinguish threemain cases of roof
congtellations, ie, singe-faced, multi faced and
multi -level roofs.



» Singefacal roofs - isolated buildings (Figure
2a)
From the data aquisition process a file with co-
ordinates of the roof outline is obtained. The roof is
projeded onto the terrain, which in fad is
interpolation of z co-ordinates for given x,y co-
ordinates of its vertices from the DTM. The
interpolation is done by solving the plane eguation
for aTIN triange in which a point falls. Computed

footprints and roof outlines are used for constituting
the wall faces bounding the building. The
developed algorithm takes care éout 1)assgning
an appropriate identifier per new face acording to
the information available dready in the database,
2)anti-clockwise ordering of the nodes and
3)creding the 3D topdogy based on the chosen
data structure (seesedion 2.4)

Figure 3: Reconstructed objects

e Multi-facel rodfs , eg, gable roofs (see Figure
2b)

The gproach to construct walls is the same &
described above. We have a separate file with co-
ordinates of the roof outline, which is processd to
the stage wmpasing the walls. In addition, however,
the facds of the gable roof have to be aeaded and
asembled. We have extraded the c-ordinates of the
points in separate fil es but they are not ordered in the
required sequence yet. An agorithm based on the
assumptions that 1)aroof edge is always a part of two
roof facds and 2)the nodes of the elge gpea in
oppasite order in the faces, completes the rred
orientation of the building rodf.

e Multi - level roofs (seeFigure 2c)

The last case differs from the previous ones with
resped to the surfacefor projedion. The walls of the
upper body do not read the ground but another roof.
In that caese, the bottom roof has to be processed
(triangdated) and used for projedion of the upper
roof. The further processng to oltain walls and the

complete set of roof facds follows the steps
described above.

The three different manners of construction are

included in the prototype program Consob [Paint97].

The capabiliti es of the program are:

» removal of duplicaed co-ordinates from the data
extraded for ead face

e orientation of faces such that the crresponding
normal vedor paints towards the outside of the
building

* generation of abuilding sfootprint

e congtruction of the roof and verticd walls of the
building

e building of topdogy among the geometric
primitives (nodes, arcs, edges, faces) of the
buil ding

e generation of an ASCIl file in a format that
fadlitates the visuadlisation of the building in
Microstation

e generation of a file in VRML format for
visualisation of the remnstructed oljeds using
Virtual Redity browsers.



The surface line and pdnt objeds in genera are not
projeded onto the DTM as rodfs are in the cae of
buil dings. Objeds coinciding with the ground surface
must be integrated in the TIN describing terrain
relief. The program therefore builds the 3D topdogy
and fill s in the tables (see Figure 4) with measured
faces, line or points as the cae may be. An exception
are some point objeds like lamp pasts, which can be
projeded to the ground if the top pant is measured,
but also can be extruded from a point on the terrain.

2.3 Superimposition

A file containing the m-ordinates of the constructed
objead is creaed for superimposition in the
photogrammetric workstation. In pradice, the wire
frame of the reconstructed building can be viewed in
the Microstation window and superimposed in the
stereo model for verification. In the stereo model a
wire-frame wraps the building and the operator can
observe the results of the procedure. The
completeness of the reconstruction and the acaracy
of the measurements can thus be deded. The
operator can tracethe source of error and dedde how
to corred the model. In case of insufficient acaracy
of meaured pdnts or mising points, the re-
congtruction can be repeaed with new measurements.
In case of high discrepancy between observed and
computed footprints, posshiliti es either to improve
the aceoracy of the DTM or to introduce new
measurements or to utili se alditional sources, can be
analysed. The objead isrecorded in the data base only
if the reconstruction is stisfadory otherwise the
database is not updated.
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Figure 4: 3D FDS - implemented tables
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2.4 Database Updating

The data aeaed during topdogy building is written
to a 3D Forma Data Structure (FDS) database. The
data structure is a vedor data structure with basic
primiti ves node, arc, and face. Semantic information
about point, line, surface and body objeds can be
stored in it. More information about the data structure
and experimental results can be found in [Molen92]
[Tempf94]. Not all the relationships are built after the
procedure as it is implemented until now. However,

we aede the minimal set of relationa tables as a
result of the processng described above (see Figure
4).

2.5 Visualisation

Simultaneously a VRML 2.0 file of the model is
creded for visualisation and additional examination
in a Virtua Redity (VR) browser. With our
procedure we try to supply only corredly ordered
faces presuming that the rendering engine will take
carefor the fina display on the screen.

What's New? | What's Coof? | Destinaions | NetSearch | People | Software h

Figure5: Pitfalls of rendering: wireframeand
rendered mode of a building with a concave face

Unfortunately, the visuadlisation in various VR
browsers exhibits new problems related to rendering
concave faces and faces with holes. In genera, faces
with arbitrary number of nodes are dlowed to be
stored in both the data structure mentioned above and
the VRML 2.0 file format. Therefore, using existing
software for rendering, we relied on the trianguation
provided by the VR browser. However the
trianguation of some browsers, eg, World View is
not predse exough That is to say, the dgorithm for
partiti oning the facedoes not ensure that triangles are
cregded only inside the poygon. As a result
undesirable dfeds as in Figure 5 can be observed.
There ae two aternatives either to wait for new
improved releases of VR browsers or to exeaute
algorithms for trianguation before building the scene
with VRML. The second approach, however, will
cause etra processng time for creding the VRML
file, espedally in the cae of applying texture. The
posshility to dvide dl the faces into triangles and
store them in the data structure, has the disadvantage
of considerable incresse of data for storage ad
consequently for maintenance A relatively small
model with only 2000redanguar faces immediately
will grow up to 4000 triangles. The alvantage of
trianguation, however, is the unambiguous definition
of surfacegeometry by planar faces.



3. CONCLUSIONS AND FUTURE WORK

The procedure presented here wmprises the whole
process from data aquisition, processng, storage
and visualisation of 3D data. Human interpretation of
agial stereo imagesis coupled with manual digitising
of surface line and padnt feaures. Buildings with
various composites of roof shapes can be
reconstructed from skeletal point clouds. Topdogy
building is automated.

Posshility to superimpose the asembled feaures
into the stereo model together with the aility to
examine the model in VR browser, offers a way for
verificaion of the re-construction and fadlit ates the
quality control. The method huilds up a 3D
topdogicdly structured data and records semantic
information as well. Another advantage of the
procedure is the fadlity provided for visualisation
(rendering and texturing) of the remnstructed oljeds.

Although encouraging results were obtained, a
number of problems require more investigations. One
area is extending the procedure axd agorithm of
reconstruction to cope with ocdusions and geometric
congtrains, and opimising thematic encoding.
Another problem areais reducing manual processng
by structural analysis of skeletal point clouds.

Important isue is aso opimisation of the data
structure. The FACE table (see Figure 4) contains
information about left (bidleft) and right (bidright)
body. This information is quite useful for spatial
analysis related to huildings but rather repetitive
concerning gound surface feaures and DTM. The
values in these wlumns are only 0 (for “air”’) and -1
(for underground). A pertinent problem is the
traversing of the data structure in order to extrad the
data needed to huild the scene for visualisation. With
the present structure, all the tables and records have
to be scanned ead time in order to colled the -
ordinates for the VRML node IndexedFaceSet. Last
but not the least is the question of concave polygons
and holes.

The future work is related mainly to improving the
procedure for co-ordinate extradion and studying
aternatives detailing the data structure to permit
parametric description of feaures and curved
surfaces and ogimisation of the process of a 3D
scene @nstruction.
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APPENDIX A: CLASSIFICATION OF ROOFS
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