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ABSTRACT

BUILDING SIMULATION 2002

In an existing integrated building design tool,
BSim2002, a 3D building model can be created. The
model can be used for thermal simulation, but also
for other purposes, e.g. for calculation and visualisation of the solar penetration into a building. The
model can be exported to other programs, e.g. for
daylight calculations and visualisation. Finally the
model can be visualised using the OpenGL technology, which is an integrated part of the Microsoft
Windows operating system, allowing the user to
have a virtual tour around and inside the building.

BSim2002 (Wittchen, Johnsen and Grau, 2000-2003)
is a user-friendly, flexible computer program for
analyses of indoor climate, energy consumption and
daylight performance of buildings. BSim2002 contains different tools and links to applications making
it possible to carry out a complete thermal, moisture
and daylight analysis of a building.

This paper describes how this approach has been
implemented and shows some examples of the advantages, especially when dealing with complex
models, compared to the normal wire frame views
used in this type of programs.

The core of the system is a common building data
model shared by the different design tools, and a
common database with typical building materials,
constructions, windows and doors. Figure 1 illustrates the user interface of BSim2002.

INTRODUCTION
The most common way to visualise building models
in thermal simulation programs is wire frame
drawings as plans, elevations and 3D. It is a more or
less tedious job to create a 3D-building model from
paper or CAD drawings. When the 3D building
model has been created it is thus obvious to reuse the
same model for other purposes than thermal simulation.
A model can be used to visualise the solar penetration into the building, so the user can see how a solar
spot from a window or opening move over the floors,
internal surfaces and even passes through doorways
and internal windows.
Another use of a model can be to export it to other
visualisation tools or calculation programs. Many
different file formats and 3rd part commercial, free or
share ware programs exists. This makes it possible
to create more realistic images of building models
created for thermal simulation purposes.
Using build in graphics capabilities in Windows, e.g.
OpenGL makes it also possible to create small and
fast programs for visualisation.

Figure 1. BSim2002 model of an extension to Ordrupgaard art museum north of Copenhagen.
Applications integrated in BSim2002 are:
• SimView for editing and visualisation of the
building model geometry.
• XSun for analyses of solar distribution and shadows in and around buildings.
• tsbi5 for thermal simulations. The program is
based on the finite control volume method. It
has been widely validated and employed in several international research projects, e.g. EU
COMBINE (Augenbroe, 1995). Recently the
program has been extended with a model for
synchronous calculation of transient hygrothermal conditions (Rode and Grau, 2001).
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• SimLight is a simple tool for estimation of the
daylight conditions in convex spaces.
• SimPv is a tool for calculation of the potential
electrical production from building integrated
PV-systems (Wittchen, 2003).
• SimDB is the user interface for the common
database with building materials, constructions
etc.
From within SimView it is possible to link to a few
external programs:
• SimDxf allowing the user to create the geometry
of the building model by using a CAD-drawing
(DXF-format) as the basis (Grau and Wittchen,
1999).

MODEL EDITOR
Models can be created using the build-in model
editor SimView, but can also be created on the basis
of a CAD plan drawing. The geometry is defined in
a local 3D coordinate system, with the X-axis facing
east, the Y-axis north, and the Z-axis facing upward.
Normally a building is not oriented according to this
local coordinate system, but the model can finally be
rotated according to the actual orientation. A model
consists of one or more buildings, but only one
building can be analysed at a time.
The geometry of the buildings is represented as
shown in the NIAM diagram (Nijssen and Halpin,
1989) in Figure 2.

• Bv98 can import the building model from SimView to carry out a heating demand calculation
according to the EN832 standard and a building
code compliance check.
• The building model can be exported to the Radiance program for visualisation and detailed
calculation of the lighting and daylighting conditions.
The following calculations can be made on most
buildings using BSim2002:
• Heat gains from solar radiation, people, lighting, and equipment
• Solar radiation through windows
• Heating, cooling and ventilation
• Floor (inside constructions) heating

Figure 2. Geometry and topology model for BSim.

• Power and energy balances

Cells bounded by face sides represent rooms. Each
face has always two face sides, one facing the cell
representing the room, and the other facing the
neighbour cell or the outside. Faces are represented
as polygons of edges, and two vertices holding the
3D local co-ordinates define the edges.

• Temperature, moisture and CO2 conditions
• Temperatures and condensation risks in and on
constructions
• Perceived indoor air quality
• Heat and air exchange between zones

The user interface (see Figure 1) reflect this structure
in a hierarchical tree shown in the left part of the
view, while a graphical view is shown in the right
part. The graphical view is split up in four different
views:

• Shading conditions
• Variable infiltration and venting
• Several different ventilation systems simultaneously
• Air exchange in connection with infiltration and
opening of windows
• Natural ventilation
• Heat and refrigeration recovery in ventilation
plants
• Supply and exhaust air temperature in ventilation plants
• Power consumption in heating and cooling coils
and humidification in ventilation plants

• X-Y plane view at lower left part,
• X-Z elevation view at upper left part.
• Y-Z elevation view at upper right part, and
• 3D wire frame view (parallel projection) at
lower right part.
These wire frame representations are a common way
to visualise building models in thermal simulation
programs. For small models it is good way, but for
big and complex models it is difficult to get an over-
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view (see Figure 3) and to locate a specific face, edge
or vertex.

Figure 4. Exterior polygon clipping.
Figure 3. Wire frame view of a complex building
model.

SOLAR PENETRATION

• Calculation of the polygons inside one subject
polygon and inside another clip polygon, referred to as interior clipping (see Figure 5). In
this case both polygons are ordered counterclockwise.

Apart from making a thermal simulation the model
can be used for analyses of solar penetration into the
building using XSun, which takes into account shadows cast by other buildings and the building itself.
The method used to perform the calculation of
shadow- or sun patches is developed in the context
of hidden surface removal within computer graphics,
and is based on clipping a concave polygon to the
boundary of another concave polygon performed in
2D (Weiler and Altherton, 1977).
Such an algorithm to perform polygon clipping has
been developed (Grau and Johnsen, 1995). Polygons
are represented as circular lists of vertices. The orders of the lists are important, and can be determined by the sign of the area A of the polygon:
n

A = ∑ ( xk y k − 1 − y k xk − 1 )
k =1

Where n is the number of vertices, and xk and yk are
the 2D co-ordinates of vertex k. If the area is positive, the list is ordered clockwise, otherwise the list
is ordered counterclockwise.
Two sorts of clipping can be performed:
• Calculation of the polygons inside one subject
polygon and outside another clip polygon, referred to as exterior clipping (see Figure 4). In this
case the subject polygon is ordered clockwise
and the clip polygon is ordered counterclockwise.

Figure 5. Interior polygon clipping.
The boundaries of the subject polygon and the clip
polygon may or may not intersect. If they intersect
the intersections will occur in pairs. One intersection
occurs when one clip polygon edge enters the inside
of the subject polygon and one when it leaves.
When an entering intersection occurs by the clip
polygon, the boundary of the clip polygon is followed until it leaves. From that point the subject
polygon is followed until another entering intersection occurs by the clip polygon. This process can be
repeated until the first entering intersection is
reached again.
Special cases has to be considered, e.g. when the clip
polygon is completely inside or outside the subject
polygon, or when the clip polygon has common
edges with the subject polygon.
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This algorithm for polygon clipping is the core of
XSun.
Using XSun to calculate the sun patches entering a
building at a given time, polygon clipping is being
used in the following way:
• The outside faces of surrounding buildings that
can cast shadows on the faces of the building are
projected in the direction of the sunray onto the
actual face as shadow polygons. The same is
done for faces of the building that can cast
shadows on the building itself, e.g. L-shaped
buildings.

Figure 7. Shadows cast from a neighbour building,
August 23, 2003 at 18:30 in Copenhagen.

• All external windows and openings that can be
hit by the sun are clipped to polygons outside
the shadow polygon, giving polygons receiving
sun.
• These sun polygons are projected in the direction of the sunray onto the inner face of the
wall, taking into account the wall thickness. The
internal sun polygons are clipped to be inside
the opening boundary.
• The inside sun polygons are projected in the
direction of the sunray onto the internal faces of
the room. These polygons are clipped to be inside the boundary of internal windows and
openings. In the case that sun polygons has been
found, the previous task is repeated recursively
until no more sun polygons are found.
Figure 6 shows how the sun enters a building, and
how the sun is passed on to a neighbouring room
through an opening. Figure 7 shows an example of
shadows cast from a neighbouring building. To
analyse which buildings obstruct the sun, the model
can be viewed from the sun in the direction of the
sunray (see Figure 8).

Figure 6. Incident sun calculated by XSun, August
23, 2003 at 17:00 in Copenhagen.

Figure 8. Shadows cast from a neighbour building
as seen in the direction of the sunray, August 23,
2003 at 18:30 in Copenhagen.

RAYTRACING
The views shown until now has been wire frame
transparent views, which are not very realistic and
can be difficult to overview. In order to have photo
realistic views and to perform lighting calculations
the model can be exported to Radiance (Ward Larson and Shakespeare, 1998).
Radiance employs a light-backwards ray-tracing
method, extended from original algorithm introduced to computer graphics (Whitted, 1980). Light
is followed along geometric rays from the viewpoint
into the scene and back to the light source. The result is equivalent to follow the light forward, but the
process is more efficient because most of the light
leaving a source will never reach the point of interest.

Figure 9. Radiance picture of the extended art museum with an outline of the existing building in
front.
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Figure 9 and 10 show pictures made by Radiance of
the extension of Ordrupgaard art museum seen from
different viewpoints.

Figure 12. The museum showed as a transparent
view exported as a DirectX file.

OPENGL

Figure 10. Radiance picture of the extension to the
art museum and the existing building in the background.

DIRECTX
Making photo realistic pictures with Radiance are
very time consuming. Depending on the complexity
of the model it can take several hours, or even days.
In order to make visualisations of models fast, but of
less quality, they can be exported to the DirectX file
format.
The DirectX file format is defined by Microsoft, and
is supported by many programs for visualisation and
animation. The DirectX file format provides a rich
template-driven format that enables the storage of
meshes, textures, animations and user-definable
objects. In BSim2002 the complete geometry and the
material properties can be exported to a file that can
be opened from 3rd part visualisation programs supporting DirectX.

OpenGL is a three-dimensional graphics software
interface, which is an integrated part of the Windows operating system. Originally OpenGL was
developed by Silicon Graphics, Inc., but has become
an open industry-standard independent on operating
system and hardware, and the standard is maintained by an independent group called the Architectural Review Board. The OpenGL software interface
allows graphics programmers to create high-quality,
three-dimensional colour images with graphic effects
such as shading, lighting, texture-mapping etc.
A small program BSim3d has been developed in
Visual Basic based on OpenGL to make visualisations of building models. The models can bee viewed
from outside as well as from inside the building,
allowing the user to have a virtual tour in the building.
The building models are imported from XSun via a
file in DirectX format to get the geometry and material properties, but also the sun patches at a given
time as calculated by XSun.
Figure 13 - 15 shows sample pictures of the new
extension to the art museum seen from outside as
well as from the inside of the building.

Figure 11 and 12 shows samples of pictures produced by the program Deep Exploration, a professional visualisation tool from the company Right
Hemisphere.

Figure 13. BSim3d outside view of the new extension
to the art museum.
Figure 11. The museum showed as a solid view exported as a DirectX file.
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