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ABSTRACT

In principal, the algorithms used in advanced lighting 
simulation software are equally applicable to interior 
and exterior situations [Ashdown 1994][Ward 1998].
In practice the scope is limited: a realistic CAD model 
of a building in a complex urban geometry can have 
two/three orders of magnitude more data elements 
than a detailed model of a room. This is reflected in 
the computer power needed and, significantly, in the 
time required for the collection and input of data. 
These factors, in turn, determine the usefulness of the 
computation within the design process and place 
limits on the stages in which it can be incorporated. 
This paper examines the techniques available at the 
present time that can be used to aid the collection, 
recording, design and reconstruction of 3D Model 
Geometry for use in Computer Daylighting 
Simulation.

INTRODUCTION

This paper deals with an important area of building 
simulation and analysis, that of appropriate modelling 
to enable accurate use of Global Lighting Simulation 
systems. Designers are starting to recognise the value 
that performance simulation modelling can have as 
part of the design process. Computerised building 
lighting performance simulation is a powerful tool for 
the virtual toolboxes of architects, engineers and 
developers. 

Such modelling provides valuable information that 
not only helps designers to make better decisions 
about the characteristics of building envelopes, 
glazing, lighting and daylighting systems but also 
aids the study of a buildings aesthetic and general 
design. This enables designers and associated 
professions to employ computer simulation modelling 
of the building envelope, interior space and 
surroundings to carry out solar access and daylighting 
studies in the context of building design and building 
performance evaluation. 

Daylighting simulation of complex urban 
environments as with many other Virtual Reality 
applications requires as an input the construction of 

complex and relatively accurate three-dimensional 
models, which represent real-world scenes. This has 
always been a time consuming and frustrating process 
in simulation model design and execution. 

In order to achieve reliable results at the end of the 
simulation process, it is crucial to identify from the 
beginning all the factors that could influence the 
simulation system and consider them as parameters 
during the simulation execution. It is therefore 
impossible to start a daylighting simulation process 
unless a large amount of preparatory work has first 
been carried out in order to define and set up the 
simulation system and its parameters. There are three 
basic types of inputs required: 

a) 3D Model Geometry 

b) 3D Model Materials, (physical attributes: 
Textures and Colours) 

c) Sky type description and Sun position according 
to Date and Time 

The recording and reconstruction of the geometry of 
the urban environment are at the same time the most 
difficult and important tasks. This paper examines the 
techniques available at the present time that can be 
used to aid the collection - recording and design-input 
of 3D model geometry in daylighting simulation.  
(Figure 1)

Figure 1
Large scale 3D Model used in Daylighting 

Simulation.
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Information and documentation was acquired from a 
detailed case study dealing with the digital 
reconstruction of an urban canyon in Athens, Greece. 
The case study was carried out for the purposes of a 
detailed investigation of solar access and the 
daylighting simulation research of urban canyons
[Nikiforiadis  Pitts 2002].  (Figures 2 and 3)

Figure 2
The large scale, urban model that was created for 

the needs of the case study in Athens.

Figure 3 
Fish-eye lens photos of the residential apartment 

building and its urban surrounding  

In this paper different approaches are presented 
emphasising both strong and weak points of their 
application. 

The list of issues addressed includes: 

a) Facing detail and abstraction needs of daylighting 
simulation 

b) The use of digital photos together with 
photogrammetry for the recovery of geometry 

c) Solid modelling vs surface modelling 

d) Parametric modelling. 

The work part of which is described here should 
enable future daylighting simulation users make the 
appropriate choices of modelling strategy from an 
early stage saving time and reducing the cost of their 
investigation. It is also an opportunity to introduce the 
advantages of Digital Photogrammetry as a tool for 
reconstructing 3D models for daylighting computer 
simulation and to point out strengths and weaknesses 
of current CAD and 3D modelling packages when 
used for simulation needs.

The information and conclusions presented will help 
to serve as a design guide for the digital 
reconstruction of 3D geometrical models of the urban 
environment used as an input for daylighting 
computer simulation studies. 

FACING DETAIL AND ABSTRACTION

Abstraction, in other words the way to represent
physical reality within the model, is a key concept in 
all aspects of a computer model creation and 
simulation. It must be considered at all stages, from 
deciding which parts of the built environment to 
model to the definition of representative occupancy 
schedules mimicking real life conditions. The aim is 
to keep the model as simple as possible consistent 
with the avoidance of significant errors resulting from 
oversimplification.

A common mistake is to create an overly complex 
model: as model grows more complex, the potential 
for input errors and the cost of quality assurance 
increases [Fishwick 1995]. The level of modelling 
detail affects accuracy  the user must judge, as 
discussed above, whether all the design variables that 
are likely to have the major impact on the performance 
question of interest have been included in the model.

One of the most common assumptions made today in 
natural lighting assessment and simulation is that of 
ignoring external obstructions caused by the 
surrounding environment, as if the building is in a 
featureless plain landscape. For broad issues of 
daylight design, such an assumption may not be a 
problem, however, in detailed or complex lighting 
situations it could lead to serious errors. The main 
difficulty is the exclusion from assessment of external 
features especially in climates where sun-shading is 
used in the building envelope and mutual shading of 
buildings is common, or where surfaces of nearby 
buildings have a significant influence on daylight 
penetration.
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The above issues are also related to the bigger 
problem of the lack of ability to properly describe the 
surrounding environment and the microclimate.

Topography, the surrounding terrain and the natural 
three-dimensional features (such as vegetation), which 
also experiences a seasonal variation, as well as many 
geometric features of surrounding buildings are 
excluded from the normal simulation/assessment 
system. One of the main difficulties is the recording 
and inputting such complicated data in the computer 
simulation software. 

In general models built for daylighting studies need to 
be assessed in greater geometrical detail than those 
used for example in thermal modelling studies. The 
accurate placement of fenestration, shading devices, 
internal fitting and external obstructions is a definite 
requirement.

The most obvious and important aspect of daylight 
simulation and design is the variable nature of the 
source. The results of calculation are tied to a 
prediction of external conditions that vary with the 
time of day, the date in the year, and with the weather.
In Southern Europe it is usual to consider two types of 
conditions: firstly an overcast sky and secondly a clear 
sky with or without sunlight. In Northern Europe and 
particularly the British Isles the former condition is so 
common that it is necessary to base daylighting 
technique on the provision of minimum standards of 
lighting under overcast conditions alone [Philips 
1964]. 

Where overcast skies are more common, over 
comparatively small changes in latitude, it is practical 
to think of the light admitted as a percentage of the 
total light available from the hemisphere of the sky. 
Orientation and location plays then a less important 
role. This fact forms the basic difference in approach 
between Southern and Northern Europe.

For the needs of daylight factor (DF) prediction, it is 
normally necessary to include nearby external 
obstructions but in such a case building façades can 
be simply modelled using a single material whose 
reflectance is an area-weighted average of the 
reflectance of major façade elements. [Mardaljevic 
1998] With clear sky conditions it is possible and 
practical to work with actual values of illumination 
that will vary considerably with orientation, location 
and season. 

Often spaces face complex exteriors; the geometrical 
surfaces of their objects can either act as obstructions 
or as reflectors of both the sunlight and skylight (such 
as in the cases of overhangs, balconies, extensive 
glazed areas). Identifying their role and finding ways 
of including them in an abstract form in the 
simulation model becomes an impossible task as their 
role changes with the constantly varying position of 

the sun. This leads to the unavoidable need to give a 
detailed geometrical description of the surrounding 
environment and allow the simulated light to 
determine their exact role in the scene. Therefore a 
totally different approach is needed in the case of 
illuminance predictions taking into consideration the 
effects of both direct sunlight and diffused light 
reflected from the surrounding environment as in the 
case of nearby building structures. 

As it is not always possible to identify and limit the 
number of surfaces that participate directly in the 
indirect irradiance calculation at the cost of simulation 
time, it is necessary to model the nearby external 
environment in fine detail as its shaded and 
illuminated surfaces have a crucial impact on the 
internal light levels of spaces facing them. This is why 
in such a case abstraction at least of the geometrical 
form should be avoided. As a rule especially where 
visual realism is intended, the scale of modelling 
complexity should normally be commensurate with 
the scale of the effect of the modelled structures on 
internal light levels.

As explained above the accurate description of 3D 
geometric form together with that of the physical 
attributes of the exterior materials of a building is 
critical as it has major effect in the quantity and 
direction of the light distributed in the built model. 
Obtaining a substantial body of data for prediction of 
daylight levels and overall light loss based on the 
relationships of geometry; obstruction and daylight 
could be very valuable for building planning and 
lighting energy management especially extended to 
other types of speculative buildings situated in the 
urban areas.

USE OF PHOTOGRAMMETRY FOR THE 
RECOVERY  OF GEOMETRICAL FORM

This work examines the use of photogrammetry as a 
technique to model external obstructions that have as 
a main characteristic their great complexity of form, 
and size. 

Photogrammetry is the science of making 
measurements from photographs. It uses photographic 
records for precise measurement of distances or 
dimensions. Photogrammetry is often used today in 
advanced archaeology building surveying and has 
been recently introduced in advance surveying 
computer tools. 

Photogrammetry software produces three-dimensional 
models based on images of the object made from 
known locations. The procedure entails importing an 
image either by scanning printed photographs or 
direc
(typically corners) are then marked on the images so 
as to enable the three-dimensional model to be 

- 945 -- 953 -



constructed. Marked object points on the different 
photographs are then identified and referenced.

The software uses the camera positions and 
orientations to calculate co-ordinates of every marked 
and referenced object point and the result is the basic 
three-dimensional model with estimates of errors for 
every point. A model is scaled by entering into the 
programme a known (measured on-site) distance 
between two object points. The bigger that distance 
the more accurate the distance approximation. Once a 
model is scaled and augmented if necessary, it can be 
exported to other packages to act as the basis of 
lighting calculations. Accuracy depends on several 
factors, notably the quality of the camera used, the 
viewing directions of the photographs, the number of 
photographs on which each point is marked and the 
capability of the software to interpret the image (for 
example recognition of hidden or partially hidden 
surfaces). In order to reconstruct the three-
dimensional model of the urban environment 
described in the case study a total of more than 300 
photographs were taken using a professional analogue 
camera.  The photographs were digitised at a later 
stage using a flat scanner. This allowed images to be 
obtained in higher resolutions, than those possible by 

Figure 4
Table of photographs used for the reconstruction of a 
single building

In the case of this investigation an average of ten to 
twenty photographs were taken per building to allow 
recording retrieving detail of both the building form 
and fabric. Once the images had been processed in 
Photomodeler the resultant three-dimensional wire-
frame model was exported in DXF format to 
AutoCAD and based on that a three-dimensional 
model of the building was constructed using 
Constructive Solid Geometry. (Figures 4 and 5)

Figure 5
Wire-frame model created for a single building in 

Photomodeler

USING CONSTRUCTIVE SOLID 
GEOMETRY

Constructive Solid Geometry (CSG) is a CAD design 
method used in certain areas of engineering design in 
which the emphasis is placed on modelling individual 
parts as objects; In CSG modelling, the history of 
successive ope
representation. The more commonly encountered 
Boolean operations in the B-rep-based systems used 
in architectural design do not record histories of 
operations as part of object representations. They are 
applied locally to parts of objects, rather than globally 
to the whole model. As a result using CSG modelling 
to form complicated geometrical forms is 
computationally expensive and for this reason not 
commonly used in architecture. [Szalapaj  2001]

This case is an exception to the general rule. The use 
of CSG was the most efficient and productive way to 
convert an accurate wire frame model exported by the 
photogrammetrical software package to a volume 
model reconstructed inside a CAD package (Figure 
6).

Figure 6
Solid model built with CSG using the dimensions 

provided of the Wire-frame model
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Each building was approached as an object. 
Modelling was carried out by applying successive 
global Boolean operations to geometric primitives 
such as cubes, cylinders, spheres, cones, etc. At a later 
stage each individual building (designed as an object), 
was divided inside the CAD package into groups of 
surfaces placed into different layers according to the 
materials they represented.

This layer organisation made the assignment of 
specific materials attributes inside the Global Lighting 
Simulation Software an easier task.

COMBINING USE OF SURFACE AND 
SOLID MODELLING

In contrast to its urban surrounding the principal 
building investigated was modelled from the 
beginning in a CAD environment. 

The building was built in the 1965 and all the existing 
plans found were in the form of blueprints. Those 
plans were converted to digital images and then were 
imported in AutoCAD to be used as a background for 
line tracing.  The model was then built by extruding 
mainly traced lines into surfaces. 

The scans could have been vectored after being 
digitised but that would have brought in the 
modelling process a serious number of errors. 
Previous experience revealed many problems in 
building 3D models in this way as it is impossible to 
have the accuracy needed to easily create 3D surfaces 
without possible errors. (Figure 7)

Figure 7

Surface model of the typical floor built with 
successive extrusion

Both the exterior and interior surfaces of the building 
were modelled so that when the simulation is 
completed there is the option of checking the daylight 
performance in any selected room of the building. 

The first stages of the work were tedious and 
frustrating and the principal difficulty lies in the fact 
that surfaces need not only to be accurately designed 

but also placed in the correct layers according to their 
material. As a result it took substantial amount of 
time to organise the model in the appropriate layers. 
(Figure 8)

The same task would have been more or of equivalent 
difficult using CSG. The main reason was that the 
existing blueprints were in the form of critical views 
and sections and did not show the principal building 
in a 3D view.  If this approach had been adopted 
forming the building as a single volume would have 
been relatively easy but dividing it into surfaces 
according to material would have been almost 
impossible. It was estimated that more time would be 
spent in organising than designing.

Figure 8

Nearly complete surface model of the principal 
building

USE OF PARAMETRIC MODELLING

The Operation would have been slightly different if 
the investigation had been of a new proposed 
building. In most cases, several design alternatives 
would be of interest.  A reference or base case design 
would have been required against which these 
alternatives could have been compared.  The reference 
would have normally been then the initial design 
intent. It would have been sensible to exclude any 
novel or unusual features from this reference model. 
Design alternatives could have then been incorporated 
within model variants compared with the reference. 

In such a case the use of constructive solid geometry 
or even better parametric modelling as it is available 
today inside some commercial software (for instance 
Revit, Inventor and Mechanical Desktop) could have 
been the ideal approach.

DISCUSSION 

The case study permitted the trial of photogrammetry 
methods on a live design problem. The technique was 
used to model the exterior urban built environment 
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surrounding of a particular building (including 
buildings, streets etc).

The capacity to produce a model from a series of 
photographs is a major advantage. In some urban 
environments the scale, movement of objects and 
everyday life of the living population prevents the 
gathering of the extensive detailed measurement 
required to produce easily, in any other way, a three-
dimensional model. 

The method also allowed the insertion and merger of 
the geometry of the urban surrounding with that of the 
principal building although the second was modelled 
in CAD starting from digitised scans of the original 
blueprints drawn in the mid 1960s.  

Although the techniques of photogrammetry have 
been shown to have potential as an aid to daylighting 
design tools, a number of problems and limitations 
were encountered.

The main problem was focused on the capturing of 
enough information to permit translation of the 
photographs of complex environments within 
Photomodeler. A major barrier to data capture was the
limited range of camera positions available for certain 
buildings and the lack of previous experience while 
attempting the photographic survey. Ideally each 
object should be wholly visible in four photographs, 
each separated by an angle of 90 degrees but in 
practice at least a dozen were necessary to cover the 
scale and complexity of a multi-stories building. 

Even with the simple arrangement of buildings in a 
crossroad it proved difficult to capture the necessary 
images of each building because of the scale, height, 
density and complexity of their forms. An advantage 
realised at a later stage was the fact that their form 
was in most cases repetitive in their vertical 
dimension. 

Once in the photomodeler environment, the accurate 
marking of the individual building (object) points 
proved difficult particularly where the building 
envelope had little colour or contrast difference. 

Fortunately the choice of scanning in high resolution 
all the photographs of the urban environment proved 
to be a great advantage when trying to determine 
exact edges and vertices (although it created some 
problems with their file size).  This was even more 
easy in the areas of the urban environment were 
greater photometric and colour contrast had been 
captured in the photographs.       

In any method of modelling a complex interior it is 
likely that errors will occur. The production of a 
conventional CAD model requires physical 

surveys as a preliminary. The use of photgrammetry 

reduces the amount of physical measurement to that 
required scaling the image.

On the other hand, errors can be made in the marking 
of the photographs or images in the photogrammetry 
programme. These can be minimised by increasing 
the resolution of the photographs and/or increasing the 
number of photographs taken for each building or 
scene object. Many of the problems of image 
identification would be overcome by the use of the 
more sophisticated photogrammetry programs that are 
now on the market which have better interpretative 
capacity including automatic recognition and 
modelling of specific configurations and hidden, or 
partially hidden surfaces.

THE FUTURE OF 3D 
RECONSTRUCTION AND SCIENTIFIC 
VISUALIZATION OF LARGE SCALE 
ENVIRONMENTS
There now exists an era when the acquisition of 3D 
data will be ubiquitous, continuous, and massive. 
These data are coming from multiple sources 
including: 

High-resolution, geocorrected imagery from 
aerial photography and satellites; 
Ground-based close-up images of buildings 
and urban features; 
3D point clouds from ground 3D laser 
scanners (Cyrax) and airborne laser range-
finding systems (Lidar); and
Imagery from Synthetic Aperture Radar 
(SAR). 

Currently mobile geo-located systems are being 
developed, some containing calibrated laser range-
finders and cameras [Allen 1998], that will collect 
street-level detail at unprecedented resolution. 
( http://graphics.lcs.mit.edu/).

In the future, mobile individuals or robots will be 
equipped with cameras and other sensors and the 
computational power to pervasively collect and 
organise geolocated data.
(http://www1.cs.columbia.edu/~atanas/research/avenue/)

To make these data useful, they should be employed 
to model the real world and the model should then be 
available for interactive exploration and analysis. 
However, the modelling aspect is not straightforward 
since almost all the collected data has omissions (due 
to obstructions or poor acquisition conditions), and no 
single acquisition mode is likely to produce complete 
models. Ground-based laser range finding can offer 
highly detailed geometry for the lower floors of 
buildings, less for upper floors, and almost no 
information about roofs.
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In both cases, appearance information is missing but 
can be provided by properly rectified imagery. The 
overall modelling problem is then one of fusing multi-
source data consistently and accurately.

As acquisition modes are automated and models are 
produced, there will be an exponential explosion in 
the amount of data available for analysis and 
exploration. The models will ultimately include not 
only buildings but everything associated with the 
environment, such as trees, shrubs, lampposts, 
sidewalks, streets, and so on. Data organisations must 
be developed to efficiently handle these aspects, and 
scale to cover whole cities with tens of thousands of 
buildings and other structures. Since the automated 
acquisition mechanisms will permit repeated 
collection over time, both the models and the database 
should be dynamic. 

The main mode of exploration for this massive 
collection will be through interactive visualisation. 
The database must be specially organised to support 
interactive visualisation, both in terms of hierarchical 
structure and multiresolution models. Further novel 
graphical methods are required due to the extreme 
depth of the data. Ultimately, one should be able to fly 
continuously from overviews of a large city to 
centimetre-size details on the side of any building. 
Smoothly joining these different scales may require 
integration of rendering techniques, such as geometry-
based and image-based rendering, in new ways.

CONCLUSIONS

This work has introduced photogrammetry in daylight 
design of buildings situated in densely built urban 
environments. The processes have shown to work for 
examples based on real complex obstructions and the 
case study has demonstrated its potential use in the 
modelling, modification and evaluation of alternative 
building configurations in Environmental Daylight 
Design.

It is clear that a considerable amount of effort is 
involved in the collection and processing of images 
and data to produce usable models at the moment. 
Still the current techniques could be used as a 
research tool to model external obstructions when 
investigating daylight design issues in a majority of 
situations. It could even prove to be an economic 
proposition in cases where daylight illumination and 
user satisfaction is critical to produce a safe, healthy 
and productive environment. The extra work is 
acceptable to produce a more environmentally 
sustainable solution. This is an area in which further 
research is planned.

As digital photography, photogrammetry and 3D laser 
scanning software develops the amount of manual 
input required should be able to be reduced to a point 
where the use of those technologies in daylight and 

lighting design in general could become more 
commonplace.     

The researcher would like to draw the attention to the 
following issues: 

Obviously it is still very important from the beginning 
of any study to identify not only the intentions of the 
investigation but also to select and use lighting 
simulation software that can serve the scale of the 
study. The experience of others that have used the 
same software is invaluable. Still it is most of the time 
impossible to know what is feasible and what is not 
unless it is tried.

Today although computer power is continuously 
multiplying it is important to keep the number of 
surfaces describing the scene geometry limited in 
order to allow the simulation to be executed in a 
reasonable amounts of time. Still the ability to 
simulate larger and more complex environments 
grows giving the freedom to describe larger scene 
geometries as part of the simulation model.

It is the responsibility of researchers to study the 
relationship between geometric precision and 
accuracy of daylighting simulation results, as 
currently there are diseconomies of scale. There is 
much work to be done as there is a realistic need for 
validation of daylighting simulation software when 
they are used in large-scale studies. 

The ongoing research at the University of Sheffield 
has the aim that in the future a series of guidelines 
and clearly identify techniques to improve productivity 
will be produced.
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