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1. Introduction

LIDAR (Light Detection and Ranging) data is widalged to construct 3D terrain models
which provide realistic impressions of the urbawiemment and models of the buildings.
This paper presents the possibility of construcarn@D terrain model using LIDAR data and
the 2D building outlines from Ordnance Survey (Qahdline data. A TIN (Triangulated
Irregular Network) model is constructed by filtegithe LIDAR data to generate a bare-earth
model. 2D building boundaries are added on theaitersurface by using a line-tracing
algorithm. The building is extruded from the temraurface by using CAD-type Euler
Operators, therefore the topological connectivgtiept for further spatial analysis. The use of
Euler Operators allows the modification of the &Drain model (surface) interactively.

2. Building Re-Construction by Using LIDAR Data

The latest airborne laser scanning technology allthe capture of very dense 3D point
clouds from the terrain and surface features, fbexe3D building reconstruction from

LIDAR becomes feasible. This is an active rese&opit in GIS. However different steps are
involved before actually using the laser scanniagad A filtering algorithm is used to

generate a bare-earth model which removes all thklibgs, trees and terrain objects.
Morphologic filtering is one of the algorithms whigs commonly used to solve this problem,
for example slope based filtering (Mosselman, 2080) modified slope based filtering
(Roggero, 2001).

Building detection or extraction algorithms are dise extract the building boundaries from
the laser scanning data. Many researchers areestéer in building extraction. There is still
room for improvement in automatic building extractibecause it is not totally reliable. In
this paper, Landline data is used to avoid thelprob

Constructive Solid Geometry (CSG) and VRML are tiive common methods for modelling
and rendering the buildings on the terrain surfaspectively. Suveg and Vosselman (Brenner,
1999; Suveg and Vosselman, 2004) used CSG to dgenar@omplex building with the
Boolean operations of union, intersection and ckffiees. Rottensteiner and Briese used
VRML to display the generated buildings (Rottensteiand Briese, 2003). However the
topological relationships are not kept during tleastruction. All of the rendered buildings
are superimposed on the terrain surface withoutadlgt connecting to it. If the topological
connectivity is preserved, more kinds of spatialgses can be performed.

3. Methodology for Adding Buildings to a TIN

Several steps are used to create a 3D terrain Mrodelthe laser scanning data. They are:
Create a TIN model with the filtered LIDAR datalté&i the laser scanning data by



one of the methods mentioned above.

Add Landline data to the terrain surface usinglithe tracing algorithm described
below.

Calculate the average heights of the buildings fteenLIDAR data.

Extrude the building by using CAD-type Euler Operat while keeping the
topological connectivity.

4. Line Tracing Algorithm
In order to model buildings, we need to estimate dlound surface at the foot of the walls
described by the OS Landline data. We also nedthte triangle edges that follow these

lines.

The line tracing algorithm is:
1. Insert two points on the terrain surface (Point@ B in figure. 1)

2. Check if any triangle edge connects these two point

I. Stop if this is true.
il. Insert a point half way between these two point®iedge connects them.

3. For each half of the line repeats step 2 recungiuetil points A and B are
connected by triangle edges.

We add the points on the terrain surface and etitha height of the points by using the
surface interpolation method of (Dakowicz and G@l@2).
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Figure 1 A Delaunay Triangulation with points A aad
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Figure 2 Inserted points (square points) in betwafgroints A and B

5. Building Extrusion Using Euler Operators

We start by creating a 2.5D TIN model and Euler @pes are used to extend the TIN (Tse
and Gold, 2001). Building boundaries are addedhentérrain surface by using the Landline
data. Then the boundaries are extruded from thengrsurface to the height of the building
by using Euler Operators. The selected buildingnidany in figure 3 will be extruded. We
extend the TIN model by extruding buildings frone tierrain surface in figures 4 and 5.
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Figure 3 the building boundaries are added ondfraih surface



Figure 4 Buildings are extruded with different Hegy

Figure 5 shows the extended TIN with buildingshef University of Glamorgan

We may then perform further spatial analysis in ooodel because the topological
connectivity is preserved. Interactive editing lisvaed, for example, bridges and tunnels, as
in (Tse and Gold, 2002).

We created a TIN model by using Euler Operatorenllie used an additional Euler Operator
to extend the TIN model with bridges and tunnelbisTmethod keeps the topological
connectivity. The details can be found in (Tse @uadd 2001; Tse and Gold 2002).



6. Conclusion and Future Work

This paper shows the possibility of using lasensgay and Landline data to generate a 3D
terrain model automatically. The line tracing algon allows us to insert the building
boundaries on the terrain surface and the exteddddmodel preserves the topological
connectivity (Tse and Gold, 2002).

In the presentation, we will demonstration the oSkaser scanning data to filter and create a
bare-earth model. OS Landline data will be useddd the outline of the buildings. We will
estimate the height of the buildings by using #sef scanning data, and extrude the buildings,
and edit them to create more complex shapes.
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