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SUMMARY 
 
This research has investigated developing a form of quality control from which to calibrate 
computer based daylight simulations. This method of quality control calibrates simulations by 
comparing the behaviour of each simulation to standard design changes. When each design 
change is made to a simulation it can be considered a ‘test’. If a simulation performs 
favourably to a ‘test’ the simulation user can have more confidence that the simulation is 
indeed representative of reality. The method used to develop tests involved measuring the 
behaviour of daylight in a simple test cell both in reality and with the test cell modelled on a 
validated computer simulation program. An investigation was then carried out to look at how 
generic the set of tests were.  
 

INTRODUCTION 
 
From the author’s own experience there has always been some degree of uncertainty in 
trusting the daylighting information resulting from a computer simulation. Added to this, 
daylight simulation programs are becoming increasingly easier to use with more user-friendly 
graphical user interfaces being implemented into new software. No longer does an 
inexperienced user need to possess adequate photometric knowledge or knowledge of 
simulation principals to create a simulation model and generate output.  
 
The most logical way to trust a simulation is to know whether the simulation is indeed what 
would be expected in reality. One way to achieve this is to rely solely on validation of the 
lighting software being used. Unfortunately, little conclusive validation work is carried out on 
lighting simulation software at present [Mardeljevic 99].  
 
Relying on just validation alone does have its limitations though, for even if the software has 
been validated, the accuracy of a simulation is still somewhat dependent on the 
experience/knowledge of the user with the program. Within the Radiance program for 
example, the user is required to set a number of ambient parameters that will affect the 
accuracy of any quantitative predictions [Ward 98]. 
 

RESEARCH METHOD 1 – DEVELOPING THE ‘TESTS’ 
 
Test cell 
 
It was decided at an early stage that for tests to be of any use, they would have to be 
somewhat generic but at this stage be only applicable to a specific interior building space. 
The tests were chosen to be applicable to any sidelit rectangular room.  
 
Following the BESTEST process of validating thermal simulation software [Judkoff 95] a 
simple ‘test cell’ was sought to apply design changes to. The chosen test cell had to be a real 
space, accessible and photometrically simple. It was decided to use a vacant office space at 
the VUW Schools of Architecture and Design where this research was undertaken. The office 
space is side lit and east facing. Figure 1 shows a dimensioned wire-frame image of the 
space. 



 
 

Figure 1 Wire frame dimensioned image of ‘test cell’ 
 
Design changes measured under an overcast sky 
 
It was decided that the most suitable sky condition from which to record measurements was 
an overcast sky as this represents the simplest daylight condition for the following reason: 
Under overcast skies there is little or no direct sunlight component which results in a more 
uniform sky luminance distribution. The sky still produces a brighter sky at midday but the 
luminance ratio of zenith to horizon remains constant at roughly 3:1 [Robbins 86]. This type of 
sky would result in a simpler distribution of diffuse daylight within the ‘test cell’. 
 
Quantitative daylight measurement 
 
Illuminance was measured both inside the office space and on the roof of the building for 
each set of initial physical design changes that were carried out. Inside the ‘test cell’ a series 
of 6 calibrated Li-cor sensors were positioned at a height of 0.85m (See Figure 2). 
 

 
 

Figure 2 Plan view of test cell with positioning of light sensors 
 



To ensure the resulting tests could stay generic, the positioning of each sensor was chosen in 
terms of their relationship with the floor plan. Along the north to south axis, the floor was 
divided up into sixths and the grid started 1/6 from the north wall. Along the east to west axis 
the sensors were positioned 0.5m from the east and west interior walls. 
 
Outside on the roof, two li-cor photometric sensors were placed. One sensor was left exposed 
to measure the global horizontal illuminance, while the other was set up to measure direct 
normal illuminance. The reason for these two measurements was to ensure that sky 
conditions at the time of measurement could later be modelled with reasonable accuracy 
within the Radiance program. This meant attempting to use the Gendaylit program [Delaunay 
94]. 
 
Final measurements were calculated by finding the average illuminance levels in one minute 
time periods where measurement data was logged to a laptop computer every second. 
 
Comparing each design change 
 
Daylight factors were chosen as the unit from which the changes in daylight availability were 
compared for each design change. Daylight factors were calculated for each measuring point 
by dividing the illuminance recorded by each interior sensor by the illuminance at the exterior 
sensor measuring global illuminance. 
 

INITIAL RESULTS 
 
Daylight measurements made to real office 
 
The first daylight measurements were made to the real office on 29th September 2001 under 
overcast sky conditions. The resulting daylight factors for each measurement point (indicated 
by letter) can be seen in Figure 2 below.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 Measured daylight factors in standard test cell and in test cell with design change 1 
 
Initial design changes 
 
Design change 1 
Total glazing area halved 1 (top half covered) 
 
This would test the behaviour of daylight and reflected daylight through glazing. This was 
achieved by placing a black opaque card material at the top half of the glazing area. By 
halving the glazing area, it was anticipated to find a reduction in direct daylight and exterior 
reflected daylight entering the space resulting in a decrease in daylight factors. The resulting 
measured daylight factors can be seen in Figure 2. 
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Figure 3 The response of design change 1 as the percentage decrease in daylight factor 
 
Design change 2 
Total glazing area halved 2 (bottom half covered) 
 
The reason for this design change is to compare to the previous. It has well been known and 
documented that overcast skies tend to have a higher luminance at the zenith than at the 
horizon [Robbins 86]. It was expected to again find a decrease in resulting daylight factors in 
the space from this test, but not as much as for the previous design change as the glazing 
area is open to a brighter part of the sky. 
 
The difference in daylight factor for design change 1 can be seen in Figure 3 as a percentage 
decrease of the original daylight factors. 
 

DEVELOPING FURTHER DESIGN CHANGES 
 
In order to expand the set of ‘tests’, a tool was sought to simulate as realistically as possible 
further design changes. It was concluded after analysis of the possible ways to simulate 
daylight, that the most realistic simulation could be made using a validated computer 
program. The Radiance program has been found to have the potential to accurately predict 
internal illuminances due to daylight [Mardeljevic 99]. It was chosen as the tool from which 
further design changes could be simulated.  
 
The standard test cell and each initial design change were first modelled on the Radiance 
program. Only once these initial models were found to behave similar as in reality could they 
be considered ‘real’ models and have further design changes performed to them. The new 
design changes that were chosen were either physically impossible to make in reality or were 
highly impractical considering a real office was being used as the ‘test cell’.  
 
Sky representation 
 
It was originally intended to use the reasonably accurate Perez sky model within the 
Gendaylit program. Unfortunately, the Rayfront [Mischler 2001] Radiance interface is not set 
up to use directly skies generated in Gendaylit. Every effort was made to use Gendaylit skies 
in Rayfront indirectly but to no avail. The test cell was instead simulated using the CIE  
standard overcast sky through the Gensky sky generator program. It was recognised and 
anticipated that as a result of using this more idealised sky representation some inaccuracies 
in daylight factor predictions may occur. 
 
Radiance models were constructed and simulations were carried out using the Rayfront  
interface. Three models were initially ‘built’, the standard ‘test cell’, design change 1, and 
design change 2. Simulation parameter settings were chosen that past research had found to 
calculate accurate daylight predictions [Mardaljevic 99]. Within Rayfront, each model was set 



up only to calculate the daylight factor at a point representing each sensor position. This was 
achieved by defining a measurement grid in terms of x, y, z coordinates and specifying 
numerical daylight factor output.  
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Figure 4 Method used to check the reality of the radiance test cell model. Here the measured 
and calculated percentage decrease as a result of design change 1 is compared at each 
measurement point. 
 
Checking the reality of the test cell model 
 
The initial daylight factors calculated by Radiance were seen to be vastly different from those 
actually measured in the test cell. However, in terms of being assured of the reality of the 
Radiance model, it was important not to compare absolute daylight factors, but instead to 
compare the calculated difference each design change made with what was measured. A 
comparison of the differences each design change made can be seen in Figure 4. 
 
The relative error (RER) was then calculated for the calculated difference in daylight factor at 
each point as follows: 

 

 
 
The resulting Relative Errors for design change 1 can be seen in Figure 5. 
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Figure 5 The Relative Error of Radiance predictions for difference in daylight factor from 
design change 1 at each measurement point 
 
As can be seen in Figure 5, the response of design change 1 was overall predicted well by 
Radiance, with the relative error at only two measurement points greater than +/-15% and the 
remaining points less than +/-10%. The response of design change 2 was not predicted as 
well. The Relative Error was greatest at measurement points a and b, but still less than +/-
20% and at the remaining measurement points was again less than +/- 10%. 
 
From analysis of the calculated Relative Errors at each measurement point it was decided 
that the test cell model could probably be considered a ‘real’ model from which to make and 
see the response of further design changes. Although the simulation of the test cell used an 
idealised CIE sky model of the overcast sky it was seen to still be quite a close model of 
reality. 
 
Further design changes 
 
Four further design changes to the test cell model were modelled and then simulated in 
Radiance using the same parameter settings under the same CIE standard overcast sky 
condition. The daylight factors were calculated at the same measurement points and the 
behaviour of each design change was again measured as the percentage decrease/increase 
in daylight factor. 
The new design changes that were modelled and then simulated were as follows: 
 
Design change 3 
Halving of all interior surface reflectivities 
This would test the behaviour of light as it interacts with interior surfaces. This was achieved 
by halving the reflectivity of the ‘plastic’ materials used within Radiance to represent interior 
surfaces. Both direct daylight and reflected daylight interact with the walls contributing to the 
overall illuminance of the space. Halving the reflectivity was anticipated to reduce daylight 
factors.  
 
Design change 4 
Halving of the ceiling reflectivity  
Again this would test the behaviour of light as it interacts with interior surfaces, but this time 
just the ceiling. This was achieved by halving the reflectivity of the ‘plastic’ material used 
within Radiance to represent the ceiling. Not only would this test the interaction of light being 
reflected from within the space, it also would test the interaction of light reflected from the 
exterior ground plane to the ceiling surface.  
 
Design change 5 
Doubling of the floor reflectivity  
Once again this would test the interaction of light with surfaces, but this time just the floor. It 
was decided to double the floor reflectivity instead of halving because the reflectivity was 
already low. This was achieved by doubling the reflectivity of the ‘plastic’ material used within 
Radiance to represent the floor. This would test the behaviour of daylight as it initially hits the 
floor surface and is then reflected and inter-reflected around the room. Doubling the 
reflectivity was anticipated to increase daylight factors. 
 

Design change 6 
Halving of the glazing transmissivity 
This would test the transmission of direct daylight and reflected daylight through glazing. This 
was achieved by halving the transmittance value of the ‘glass’ material used to represent 
window glass. Decreasing the glazing transmissivity was anticipated to decrease daylight 
factors. 
 
 
 
 



RESEARCH METHOD 2 – HOW GENERIC ARE THE TESTS? 
 
The next step was to determine whether the tests were generic. This was achieved by 
ensuring that the behaviour of daylight in the test cell seen as a result of each design change 
would stay similar for a number of different models. 
To determine this, several different models were constructed hereinafter referred to as Model 
1, Model 2, and Model 3. Each new model was again initially constructed in AutoCAD and 
then simulated under the same CIE overcast sky using Rayfront. Different surface 
reflectances were chosen that were considered realistic with the ceiling having the greatest, 
walls next highest and floors the lowest. 
The same simulation parameter settings used in Research Method 1 were used. Reference 
points for the calculation of daylight factors were the same as initial points relative to the floor 
area. The height of each reference point stayed the same at 0.85m.  
To determine if these new models would behave the same as the test cell, the same set of 
design changes were made to each. The response of each design change was then 
compared to each response previously found in the test cell. 
 
Definition of agreement 
 
The Relative Error at each point was calculated at each measuring point for each design 
change. It was decided to create a definition of agreement for each design change made to 
each model compared to the behaviour set by the test cell. Table 1 shows the definition of 
agreement. 
 

Agreement  Relative Error 
Reasonably well +/- 10%
Tolerable +/- 15%

Questionable > +/- 20%
 

Table 1 definition of agreement of behaviour set by the test cell for each design change 

 
Model 1 description 
 
Model 1 had a greater volume than the test cell with a larger floor to ceiling height and greater 
floor area. The floor plan was narrower than the test cell with a greater width than depth. The 
glazing transmissivity was higher than in the test cell at 0.7 
 
Model 2 description 
 
Again the volume of Model 2 was greater than that of the test cell, its floor to ceiling height 
was almost double that of the test cell and the floor plan was more rectilinear with a greater 
depth than width. The glazing transmissivity was almost double that of the test cell at 0.8. This 
model also had an additional 0.8m exterior overhang. 
 
 
Model 3 description 
 
The Volume of Model 3 was again much greater than the test cell. Its floor to ceiling height 
was greater than the test cell at 3.0m and it had a square plan with interior wall lengths 10m. 
Most of the East-facing wall was glazing, realistically separated by glazing bars. The glazing 
transmissivity was greater than the test cell at 0.8. 
 
Model 1 results 
 
Figure 6 shows a visual representation of the agreement of Model 1 with each design change.  
 



 
Figure 6 Agreement of Models 1’s behaviour compared to that set by the test cell determined 
using Relative Errors 
 
When comparing the behaviour of Model 1 to the test cell it looked as though the model may 
still have a similar trend in behaviour but not similar values. To test this, the behaviour of each 
design change was then normalised at each point. The method used to normalise each point 
meant finding the highest change; making this equal 100% and then making the other points 
a percentage of this. 
 
The Relative Error was again calculated, this time using the normalised behaviour of the test 
cell and Model 1.  A visual representation can be seen in Figure 7 of the agreement with the 
test cell using normalised behaviour. 
 

 
Figure 7 Agreement of Models 1’s normalised behaviour compared to the normalised 
behaviour set by the test cell 
 

DISCUSSION 
 
Throughout the three models, only the transmissivity design change showed reasonable 
agreement with the test cell model. The window area design changes (design changes 1 and 
2) showed some tolerable agreement. Th e reflectivity design changes (design changes 3 to 5) 
consistently showed questionable agreement to the test cell model with the Relative Errors 
greatest at points closest to the window.  
 
This may have something to do with the chosen positioning of points along the east to west 
axis of the room. The positions along this axis were not chosen relative to that of the test cell. 
The points were positioned 0.5m from the east and west interior walls for each model. The 
models may have shown better agreement if the measurement points were the same relative 
distance from these walls as seen in the test cell. This would mean that points ‘a’ and ‘d’ 



would effectively be further away from the east wall and would not be as affected as much 
due to a reflectivity increase.   
 

CONCLUSIONS 
 
This research has investigated developing a form of quality control from which to calibrate 
computer based daylight simulations. At this stage it only looked at daylight from overcast 
skies in a simple sidelit rectangular room. 
 
The method of quality control calibrates simulations by comparing the behaviour of each 
simulation to standard design changes. When each design change is made to a simulation it 
can be considered a ‘test’. 
 
The method used to develop tests involved measuring the behaviour of daylight in a simple 
test cell both in reality and with the test cell modelled on a validated computer simulation 
program.  It was found that the test cell could be modelled realistically in this program while 
using an idealised sky model to represent overcast sky conditions. Simulation parameter 
settings used in previous research were also adequate enough to simulate realistic behaviour 
of daylight in the test cell. 
 
Further tests were made to the simulated ‘realistic’ test cell until a full set of 6 tests were 
made. An attempt was made to keep the tests as generic as possible.  
 
Several different models were built and simulated to see if the behaviour of daylight from the 
tests was not just specific to the test cell. The new models were simulated under the same 
overcast conditions using the same simulation parameter settings used to develop the tests. 
To compare the behaviour of each test made to the new model to that of the test cell the 
Relative Error for behaviour was calculated and compared. It was found that the glazing 
change test (design change 6) consistently showed reasonable agreement while the 
reflectivity tests consistently showed questionable agreement (design changes 3-5).  
 
The Relative Error at points closest to the window were found to consistently have the 
greatest Relative Errors throughout each design change for each model. This was thought to 
be due to the positioning of these points compared to that of the test cell. Further investigation 
is required to be certain of this. 
 
The results tended to indicate that more investigation is required to determine a suitable way 
to normalise the results of any daylight quality control tests. This may involve normalising the 
reflectivities of interior surfaces or the positioning of measuring points in some way. 
Further investigation would also involve looking at the best way to actually use a set of tests 
once fully developed. This may involve simulation users comparing results from tests made 
either graphically or numerically.  
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