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ABSTRACT 

As one part of a broader validation study, this paper 

examines the many aspects of a validation dataset for 

daylight simulation and their likely contributions to 

uncertainty in simulation results. It uses two 

complementary empirical datasets:  one, a simple test 

cell in Berkeley California and the other, a complex 

Net Zero Energy Building (NZEB) on Isle de La 

Reunion. The study aims to reveal the experimental 

measurement factors on which a validation dataset 

should be based. The factors are individually 

evaluated, and then ranked according to their 

potential effects on predictions of internal 

illuminance. 

INTRODUCTION 

This paper documents the properties of a dataset to 

be used in the validation of the capabilities of a 

daylight simulation program. It is part of an 

„orthogonal validation‟ (Mardaljevic, 2002) for 

situations where the use of the “gold standard” 

benchmark Building Research Establishment – 

International Daylight Measurement Programme 

(BRE-IDMP) dataset (Mardaljevic, 2001) is not 

viable. The BRE-IDMP dataset consists of a large 

number of measured skies from a sky-scanning 

device paired with internal illuminances for a number 

of different office scenarios. Each sky scan consists 

of luminance measurements for 145 “patches” of the 

sky dome, made over a relatively short period. Many 

daylight-simulation software packages are not able to 

make full use of this data, as they cannot implement 

the complex sky model. The orthogonal validation 

approach proposes that those software packages that 

are unable to be tested against the BRE-IDMP 

dataset are instead tested against another software 

package that has.  

The work reported in this paper has been developed 

as part of an extensive orthogonal validation of 

Autodesk® 3ds Max® Design software against 

Radiance. This extends beyond the scope of 

Mardaljevic‟s proposed orthogonal validation, and 

makes use of three complimentary datasets in order 

to produce as results that are as robust as possible. 

The first dataset is the primarily analytical CIE 

Technical Committee 3-33‟s Test Cases to Assess the 

Accuracy of Lighting Computer Programs (CIE 

171:2006). These are a number of highly simplified 

test cases that individually target specific aspects of 

light simulation with analytically calculated 

references for comparison with simulated results. 

However, due to the analytical nature of these cases, 

they are not considered in this paper which instead 

focuses on the other two experimental datasets. The 

second dataset is data from a very simple „test cell‟ at 

the Lawrence Berkeley National Laboratory (LBNL) 

in Berkeley, California with detailed minute by 

minute external and internal measurements of 

illuminance.  The third dataset is from a building 

with highly complex geometry similar to the projects 

for which a daylight simulation package might be 

used during design. 

Other datasets used in validation exercises have 

typically been simple, single-room forms like the 

LBNL test cell. The light distribution complexity in 

these is just the daylight processing due to blinds and 

shades on the window which is in one single wall. 

This paper aims to define the ideal properties of an 

alternative dataset for use:  

a) as part of an orthogonal validation, as 

proposed by Mardaljevic (Mardaljevic, 

2002); 

b) in documenting the performance of a 

building with the type of challenging 

daylighting encountered in real designs 

requiring daylight simulation: atria, external 

shades and multi-facade openings. 

THE DATASETS 

The LBNL dataset was constructed from data 

measured at LBNL in the testing of advanced 

window systems (Lee, 2011). It consists of measured 

external solar radiation data at one-minute intervals 

together with measured internal illuminances at the 

same intervals on the workplane, walls and ceiling of 

a simple side-lit, single-opening test cell (Figure 1). 

Measurements were made for a variety of window 

conditions of varying complexity. This dataset allows 

many aspects of the simulation program to be tested 

that the CIE test cases do not provide; including a 

varying degree of complexity of lightpath with the 

various shading devices, but crucially it allows for an 

assesment of the implementation of the Perez sky 
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model (Perez et al, 1993) in a dynamic manner over 

rapidly varying conditions of cloudy, sunny and 

mixed skies. An added advantage of the LBNL data 

is that the Perez model was devised from data 

measured at this location, so the data tests the ability 

of the software to model varying window shading 

geometries, rather than whether the Perez sky is 

representative of Berkeley.  
 

 

Figure 1 The 71T Test Cell at the LBNL. 
 

The third dataset also consists of measured solar 

radiation and internal illuminances on workplane, 

walls and ceiling at one minute intervals, though for 

a highly complex Net Zero Energy Building (NZEB) 

at the Laboratoire de Physique du Bâtiment et des 

Systèmes (LPBS) on Isle de La Reunion (Figure 2). 

The measurements were made for a classroom with 

multiple external openings each with a static louvred 

shading system that also opens to an atrium. This 

dataset tests nearly the full gamut of daylight 

simulation program capabilities, with a complex light 

path involving multiple reflections and refractions 

between measurement point and source; and real 

weather data using the Perez sky model for 

somewhere other than its source location. 
 

  

Figure 2 The LPBS on Isle de La Reunion.  
 

While for the LBNL and LPBS datasets full-year 

hourly simulations might have been preferable 

(Reinhart & Herkel, 2000) and more relevant for 

modern dynamic daylight performance metrics such 

as UDI, acquiring quality internal illuminance data 

for such a period is both difficult and impractical – 

particularly in the complex LPBS building. Reinhart 

proposes in his experimental validation of 3ds Max 

Design (Reinhart, 2009) that this may be overcome 

with the use of small time-step data over the course 

of a number of days.  

For both of the LBNL and LPBS datasets, one-

minute interval measurements were used in order to 

account for the lower measurement resolution of the 

Perez sky model, which makes use of a single diffuse 

horizontal value to determine sky luminance. This 

has the effect of losing detail in a sky where one 

direction may be much brighter than another due to 

partial cloud cover. 
 

  

Figure 3 Perez sky (left) (Reinhart, 2010) and 145-

patch sky (right) from the BRE-IDMP dataset 

(Mardaljevic, 2001). 
 

Figure 3 above demonstrates how discontinuous 

aspects of sky-light, such as a brightly lit cloud in the 

area of the sky opposite the sun, are lost in the 

gradient of the Perez model. By using a sky scanning 

device, that bright cloud could be more accurately 

represented with a number of patches in the correct 

direction having a higher luminance. However, 

modelling these more detailed sky luminance 

distributions is currently quite difficult, and thus 

simpler models such as the Perez model are more 

often used. By using a large number of measurement 

points over time it is intended that the errors 

introduced from this averaging over the skydome are 

in effect averaged out themselves, as things such as 

clouds and fog move across the sky.  

METHOD 

From careful review of daylight modelling guides, 

the following were identified as key aspects of the 

validation dataset that had potential to have an 

impact on the likely precision of the simulations. 

These included:  

 The physical measurements of the size of the 

room; 

 The size of the opening allowing daylight into the 

space;  

 The size of the window mullions; 

 The physical measurements of the reflectances 

within the space; 

 The transmittance of the glazing; 

 The precision and frequency required of the 

measured direct and diffuse solar radiation; 

 The associated temperature and relative humidity 

data required by the 3DS Max® Design 

implementation of the Perez model to produce a 

sky luminance distribution; 
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 The precision of horizontal placement of internal 

illuminance sensors; 

 The precision of levelling of the internal 

illuminance sensors; 

 The amount of geometric detail required in a 

simulation model; 

 The amount of material detail required in a 

simulation model; 

 When to discard or ignore data: such as in direct 

sunlight conditions, or when a sensor is near a 

shadow boundary. 

Each of these items has been tested for their relative 

sensitivity within the digital model. The goal has 

been to document how much of an impact they can 

have on overall internal illuminance values. These 

errors, when added together, must be below a 

threshold that is both reasonable enough to allow the 

dataset to be used to test accuracy; but also tolerant 

enough that it is practical to obtain. 

A common method of determining such an accuracy 

threshold is the effect of the „error‟ on design 

decisions. Some validation studies also quote 

accuracy of ±20% Mean Bias Error (MBE) as 

acceptable (Li et al, 2004) (Reinhart, 2009). They 

suggest a ±5% MBE is preferable if the design 

predictions are to have sufficient precision that 

design decisions can be based upon reality, not 

chance differences in the simulation.  

Assessing the impact of the measurement 

precision 

As Mardaljevic‟s BRE-IDMP dataset has been 

shown to be able to produce validation results for 

Radiance well within this ±5% range, any new 

dataset using real sky conditions and containing no 

external obstructions should attempt to at least equal 

its proven accuracy. However, as this study is for 

alternative datasets without the ability to use more 

detailed skies, and with potentially more complex 

light path scenarios, the 20% MBE limit was selected 

as a starting point. Simply: a good quality validation 

dataset is one where the total error contributions from 

each of the aspects listed above does not add up 

beyond 20%. Further, each of the identified areas of 

error introduction has been ranked according to their 

potential error size, highlighting the key factors 

influencing the datasets. 

Glazing material properties 

Different glazing types from different manufacturers 

could be considered the smallest input data change in 

simulation that is a meaningful design choice and is 

known with high precision. The effect of glazing type 

was tested using the LBNL test cell geometry. Two 

different glazing types were selected with a 

difference of only 2% normal Visible Light 

Transmission (VLT) between them. This was 

selected arbitrarily as the smallest VLT difference 

ever likely to be evaluated in a design study, and 

therefore the likely most precise a render would ever 

have to be. A maximum 4.7% difference in internal 

illuminances was observed – a ratio of 2.35 between 

the VLT change and the illuminance level change. 

This transmission change cannot be compared to the 

precision with which VLT is apparently measured: 

the International Glazing Database (IGDB, 2011) 

publishes VLT values to three significant figures , an 

0.1% precision. This test revealed proportionally a 

much smaller change than a change in 

wall/floor/ceiling reflectance produces (see later).   

A further test with a more drastic change of 

approximately 40% lower transmittance between 

clear glazing and a low-VLT glass type lead to a 

change in internal illuminances of 47%. The ratio 

between change in VLT and change in average 

illuminance was 1.17. The lesson for the validation 

dataset is that errors in glazing transmission 

measurement will have at least an equal effect on 

simulated light levels. 

Glazing transmittance: Maintenance Issues 

Manufacturers‟ data for glazing transmissivity is 

most often very precisely measured, and can thus be 

reliably input into a simulation model. However, as 

soon as the glazing is installed into a real-world 

situation, its transmittance will change due to the 

collection of dirt on exterior surfaces. Maintenance 

factors are often used in modelling to account for 

dirty glazing; and these factors can be as low as 70% 

(0.7) of the original transmittance for very dirty glass 

(Turner, 1969).  

Simulations were therefore conducted using glazing 

of the original manufacturers specification as well as 

with a VLT of 0.9 (10% change) for clean glass and 

0.7 (30% change) for very dirty maintenance factors. 

The goal was to determine the worst case errors that 

could be introduced.  

Decreasing glazing transmittance is expected to have 

a significant effect on internal illuminance 

predictions, because all light entering the space must 

pass through the glazing. The trend observed with the 

VLT glazing transmission test above continued when 

the VLT changes of 10% and 30% were applied to 

take account of maintenance. Decreasing 

transmittance by 10% saw an 11% decrease in 

internal illuminance predictions. Decreasing the VLT 

by 30% saw an even greater reduction in 

illuminances by an average of 40%. The pattern, as 

can be observed in Figure 4, is of a generally linear 

trend. Decreases in hemispherical VLT produced an 

expected directly linear reduction in internal 

illuminance; also shown in figure 4. 

As the manufacturer‟s data for VLT is much more 

precise than the maintenance is, it is crucial that 

manufacturers‟ data is not entirely relied upon for 

glazing transmittance in a simulation validation 

dataset. The shading effects of dirt on glazing must 

be assessed carefully. 
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 Figure 4 Reduction in Illuminance as VLT reduces.  
 

Physical Measurements – room dimensions 

When creating a digital model of a space it is 

common to use multiple sources for measurements. 

Using architects‟ CAD drawings may speed up the 

process; however there is always a risk that drawings 

don‟t match what is built because changes are made 

in the building process and detail may not be present 

in the drawings. It is therefore normal practice if 

basing a digital model on drawings, at least to check 

key dimensions on site.  

What is unclear is just how close the model needs to 

be to reality: what are the key dimensions. This study 

examined the changes to internal illuminance values 

caused by changes in the dimensions of three likely 

key elements: 1) the three principal dimensions of a 

rectangular room; 2) the total window opening size; 

and 3) the mullion width and depth. These changes 

were made for both the simple LBNL test cell as well 

as the complex LPBS building, to check for any 

differences the effect of these dimensions on the two 

levels of complexity. 

Modern hand-held laser measurement tools are able 

to achieve a measurement precision of up to 1mm in 

100m, or 0.001%, and can therefore give the internal 

measurements of most rooms to highly precise 

figures provided they are used with care. However, to 

account for human error in the use of even such a 

precise device it is necessary to estimate how the 

measurement device might be aligned to measure 

perpendicular to a wall. It is also possible that for a 

small room a tape measure would be used instead. It 

has been assumed that a reasonable maximum 

percentage of error in measuring with a tape measure 

or slightly misaligned laser is ±0.25%, or about 

2.5mm per metre.  

Differences between a CAD drawing and a built 

space however have the potential to be much larger. 

In the extreme where not one, but all the walls are 

placed in the wrong position off the plans, they 

would at most be built a distance equal to their 

thickness further from the opposite wall on plan; in 

this case 100mm. This is a scanario that is more 

likely to occur during sketch design when detailed 

colour and finish data is unavailable. 

To test the effect of a 0.25% measurement error and a 

100mm shift in wall position on internal 

illuminances, simulations were run of both the LBNL 

and LPBS spaces using models constructed to 

measured size, 0.25% larger internal dimensions, and 

with dimensions 100mm larger in each of the 

horizontal directions from the center of the room as a 

worst case scenario. In all simulations the opening 

and glazing sizes remained unchanged, as did the 

measurement point locations.  

Increasing the internal dimensions of a space by 

0.25% had the effect of reducing the predicted 

internal illuminances. The window sizes were kept 

constant for this exercise. Thus, the effect of this was 

to maintain the lumen output of the light sources (the 

windows) but increase the surface area over which 

these lumens were spread – a reduction in lumens per 

square metre – lux. 

The effect was relatively small with an average 

reduction in illuminance of approximately 0.5%, or 

twice the room dimension change. A maximum 

reduction of 3% was observed for the back-most 

measurement points where the light has bounced 

multiple times, compounding the effect of the 

slightly larger space. 

Increasing the internal dimensions of a space as small 

as the 3.7 x 4.6 m LBNL test cell plan, by 100mm is 

an increase of internal areas by approximately 4%. A 

similar reduction in illuminance was observed. The 

reduction again varied according to the distance from 

the opening, with smaller reductions nearer the 

glazing and larger towards the back wall. The 

reductions recorded were a maximum of 2.5% at the 

front and 10.5% at the back. The indication of the 

much greater error at the rear of the room suggests 

that accurate physical dimensions are more important 

for higher complexity spaces where multiple bounce 

light paths dominate and the potential for errors is 

considerable. 

Physical Measurements – window dimensions 

Further tests were conducted on window opening size 

and mullion size. For the window opening, the same 

level of error as the internal dimensions, ±0.25%, 

was used as most openings are of a reasonable size 

and easy to measure. For the mullions, a much more 

precise measurement would be required for their 

relatively small thickness to achieve a ±0.25% 

accuracy, so a worst case scenario of ±2mm was 

adopted. The predicted internal illuminances for 

these cases were again compared to the original 

measured room‟s simulated values. 

Increasing the size of the opening(s) into a space by 

0.25% had the effect of lifting the predicted internal 

illuminances. A 0.25% increase in the size of the 

opening resulted in an average increase in 

illuminance of 0.5%, with the largest increase for an 

individual point being 1.5%. The size of the opening 

in a space has about the same influence as the size of 

the space itself. 

Measurement accuracy for mullions was shown to be 

significantly less influential on internal illuminances 
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than the overall opening size. An increase of 2mm in 

the mullion thickness produced internal illuminance 

predictions on average only 0.5% lower, with a 

maximum of 1.5% lower for one measurement point. 

Significantly this  shows that detailed measurements 

of mullion profiles are generally not required, and 

mullions can instead be estimated to within a few 

millimeters. 

Material data 

A test was devised for examining the potential error 

introduced by measurements of material properties. 

For each material in both the datasets, multiple 

measurements were made using a ColorMunki 

spectrophotometer (ColorMunki, 2011), and the 

results averaged to give the final material reflectance 

for the digital model. Typically, the variation 

between the highest and lowest values in each set of 

measurements was between one and two percent, 

with a maximum of three percent.  

Thus, models were simulated with the averaged 

materials and the two “worst case” scenarios with 

materials of ±3% reflectance values. It should 

however be noted that if illuminance measurements 

are being taken over a long period of time, such as a 

year, then reflectance measurements should be taken 

at several intervals during the measurment process to 

account for changes caused by material fading or 

dust collection if it is a problem.  

Reflectance measurements were shown to have one 

of the largest effects on internal illuminances. For a 

3% change in reflectances for all surfaces in the 

model, predicted internal illuminances rose by 

between one and 14%, depending on the 

measurement point. On average for a 3% higher 

reflectance the space was predicted to be 6% 

brighter.  

The effect was again smallest at the measurement 

points nearest the window; which have a larger 

proportion of light coming either directly from the 

sky or via only one or two reflections. Measurment 

points near the back had the greatest change as they 

have a much larger proportion of light being reflected 

multiple times, compounding the error introduced by 

the change in reflectance.  

It is imperative that considerable care is expended in 

ensuring the reflectances are measured with a 

calibrated device, and for several points over the 

surface to check for changes across its area. 

Simplification of Material Data 

The necessity for detailed reflectance measurements 

was tested by comparing models using different sets 

of reflectance data. The first model contained the 

measured reflectances for all surfaces. The second 

contained measured reflectances for just the surfaces 

inside the space being tested, with all other surfaces 

having a neutral near-white reflectance of 0.8. The 

third model used typical “rule of thumb” reflectances 

for the interior, consisting of 0.3 for the floor, 0.5 for 

the walls and 0.8 for the ceiling, and again had a 0.8 

reflectance for all other elements. The final model 

had a uniform white material of 0.8 reflectance. 

These represent steps further away from reality. 

Following the reflectance tests above, it was likely 

that any simplification of model materials away from 

measured reflectances would have a substantial 

impact. When compared to a model with all surfaces 

containing measured reflectances; simulations using 

a model with only internal reflectances showed a 

difference of 20% in internal illuminances. Using 

common “rule of thumb” reflectances for the interior 

saw an even greater difference of 21% higher internal 

illuminances. Furthermore, a model containing 

uniform 0.8 reflectances showed an average 

illuminance increase of 46%. This shows that 

measured reflectance data is essential to any daylight 

validation dataset, and that reflectances in general are 

the most critical element in any daylight simulation. 

This is likely due to the reflectance values having the 

most interactivity of any other aspect of the 

simulation, save for the simulation algorithms 

themselves. 

Measured Light Data 

The Perez sky model requires a number of inputs into 

its equations in order to produce believable sky 

luminances. In addition to the date and time, used for 

solar positioning, the most common inputs used by 

simulation software are direct and diffuse radiation 

for sky brightness, as well as dew point for sky 

haziness (Perez et al, 1993). These values must be 

measured, and thus have a likelihood to introduce 

errors. The equipment used to measure radiation 

however is generally of very high quality; and is 

often rated to produce variations of only ±1% or less; 

provided their operating temperature range is 

maintained (Eppley Labs, 2004). Tests were made 

with both the Berkeley and the Reunion datasets with 

the radiation data increased by 1%, in order to 

determine the change in internal illuminances. 

Because there is only one interaction with the sun 

and sky by a raytracing light simulation program – 

when a ray terminates at either of the light sources – 

the effect of any error in the sky brightness is directly 

passed on. For a 1% increase in the direct and diffuse 

radiation values input into the sky model, a 1% 

increase in internal illuminances was also recorded, 

and was the same for all measurement points. This 

shows that the effect of external solar radiation 

measurements is direct and that any error band for 

the sensors used to measure them can be translated to 

the internal illuminance measurements. 

Dewpoint is  not directly measured; and is instead a 

product of temperature and relative humidity 

measurements. Further testing was conducted using 

1% higher than measured temperatures and 5% 

higher relative humidities as a worst case scenario in 

dewpoint measurement.  

Proceedings of Building Simulation 2011: 
12th Conference of International Building Performance Simulation Association, Sydney, 14-16 November. 

- 1485 -



A worst-case difference of 1% increase in 

temperature and 5% increase in relative humidity can 

see the dewpoint increase by a factor greater than the 

two individual errors combined. For the test 

conducted, there was an average increase in dewpoint 

of 7%. This in turn caused a 6% shift in the 

illuminances produced by the Perez sky model, and 

consequently a 6% shift in internal illuminances.  

This is of particular significance, as it is counter 

intuitive in daylighting validation datasets to focus on 

ensuring that temperature and humidity 

measurements are as carefully recorded as the 

daylight. It is apparent that they can have a greater 

influence on error than initial solar radiation 

measurements. Having synchronous and reliable 

measurements of temperature and relative humidity 

in conjunction with solar radiation data are therefore 

essential for any dataset intending to use the Perez 

sky model for simulation. 

Lightmeter Placement Tolerances 

The placement of lightmeters within the space suffers 

from the same innacuracies as initially measuring the 

space‟s dimensions, with an additional factor of the 

sensor‟s tilt. In order to determine the effect of the 

sensor‟s placement on the internal illuminances in a 

space, models were simulated with measurement 

points in the measured locations; as well as with the 

measurment points shifted ±3% of the distance to the 

nearest surface in each of the principle axes.. 

A 3% error introduced into the positioning of 

lightmeters into the spaces showed a maximum 

difference of 13% in predicted illuminance; with 

typically the largest difference being along the axis 

towards the space‟s openings. The size of this error 

was unexpected. The test specifically excluded 

directly-lit measurement points (sensors with direct 

line of sight to the sun), to try to avoid large changes 

in predicted internal illuminances at the edge of 

shadows. It is clearly extremely important that 

internal illuminance meters are placed as precisely as 

feasible. 

Simulations were also run with the measurement 

point‟s normals tilted by one degree towards and 

away from the glazing in each space, considered the 

worst case condition for alignment. 

A one degree tilt off level of the simulated 

measurement points with the measurement normal 

moving towards the glazing showed an increase in 

predicted illuminance of only 1.5%. Tilting the 

normal by the same amount away from the glazing 

resulted in a decrease in predicted illuminance of 2%. 

Errors introduced by likely inaccuracies in 

illuminance sensor angle are not as large as those 

introduced through inaccurate positioning.  

Model Detail (Geometry & Material) 

A digital model can never contain as much detail as 

reality, it must always be simplified to a degree. In 

order to test the likely impact of simplifying model 

geometry, a number of tests were made using the 

more complex LPBS dataset. For this dataset a highly 

detailed digital model was originally created from 

architects CAD drawings, photos and measurements, 

as shown in Figure 5 below. 
 

 

Figure 5 Render of detailed CAD model of the LPBS 

building, without measured reflectances.  
 

This model was then simulated along with several 

lower resolution versions with increasing amounts of 

detail removed. This began with the simplification of 

the doors, window frames and mullions (figure 6, 

external shading removed for clarity) with the lack of 

mullions being accounted for with a 22% and 19% 

reduction in glazing VLT. These are  proportional to 

the area of mullion on the north and south sides 

respectively. A second lower resolution model tested 

a reduction in detail of the shading devices directly 

outside the windows (figure 7): here the  

simplifications mainly consisted of the removal of 

the mounting brackets and reducing the polygon 

count of the supports. In the last simplified model all 

objects in the scene were roughly modelled as simple 

shapes (figure 8). Each model in this sequence had 

measured reflectances applied to as many surfaces as 

possible, although these are not necessarily pictured 

here. In simplified cases where two or more objects 

of different reflectances were merged, a weighted 

average of their materials was used. 
 

 

Figure 6 LPBS model with original(left) and 

simplified (right) window and door  geometry, with 

measured reflectances. 
 

 

Figure 7 LPBS model with original (left) and 

simplified shading devices (right), both with 

measured reflectances. 
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Figure 8 LPBS model with fully simplified geometry 

and without measured reflectances. 
 

The simplifications of model geometry showed 

significant changes in predicted internal 

illuminances, however the magnitude of each was the 

opposite of what was expected. Simpifying the doors 

and windows showed an average increase in internal 

illuminances of 11%, despite the mullions being 

accounted for. Mullions should therefore always be 

included in any daylight simulation validation model. 

The simplification of the external shading devices, in 

this case the timber louvres, showed minimal change 

in internal illuminances which was also unexpected. 

The decrease was by an average of 1%, it is thought 

that this small change is due to this particular shading 

device already having fairly low complexity and 

therefore there was not a significant difference 

between the detailed and simplified geometry. 

Simplifying the external geometry of the atrium and 

surrounding buildings had the greatest effect on 

internal illuminances. On average there was a 35% 

increase in illuminance caused by the change, which 

can be likely attributed to the fact that the simplified 

geometry of the building across the atrium no longer 

contained deep concave sections, that were 

previously permenantly shaded. This results in an 

increase of reflected light entering the atrium, and 

therefore the space being measured. 

Together these tests show that model geometry 

simplification can have a considerable effect on the 

validity of a dataset. As a result; attempts should be 

made to create the most accurate simulation model as 

possible; which requires a substantial amount of 

measurements to be made unless construction 

drawings are available. 

Data Discarding 

Not all data collected for a validation dataset will be 

viable for use; it is usually necessary to discard any 

obviously erroneous data. This may include where 

sensors have accidentally been disturbed by outside 

factors or where measurements go beyond a sensors 

rated limits. 

However, it has also been recommended that any 

data that would not directly serve the validation 

purpose be discarded also. Mardaljevic advocates 

avoidance of internal illuminance data that includes a 

direct component (Mardaljevic, 2002); that is for 

when a sensor is in direct line of sight with the sun or 

circumsolar region. This is benficial for a number of 

reasons; firstly being that computing the direct 

component of illuminance is relatively simple. This 

has the effect of biasing the validation towards more 

difficult inter-reflection calculations. Secondly; with 

the current collection of sky models it is very 

difficult to compute the luminance of the circumsolar 

region around the sun to a high enough accuracy for 

simulations where its component dominates. Lastly, 

direct sunlight casts shadows with sharp edges; and 

to model a space with enough detail to recreate the 

moving shadow boundaries over a day accurately is 

not practical. 
 

 

Figure 9 Typical shadow movement over 

measurement point. 
 

Figure 9 above shows the movement of a shadow 

cast by a mullion in a south-facing window in 

Berkeley, California, on a day near the equinox. The 

middle shaded part of the surface represents the area 

that would potentially be occupied by an internal 

illuminance sensor positioned one metre from the 

window with a ±3% margin of error in its position. In 

order for the shadow band to move completely off of 

the shaded area, 12 minutes must elapse. It can 

therefore be recommended that not only should data 

that contains direct illuminances be discarded; but all 

data 15 minutes either side of passing in or out of 

direct sunlight should also be discarded to decrease 

the likelyhood of errors from slight inaccuracies in 

modelling.   

CONCLUSIONS 

Using the results above, each of the aspects of the 

datasets can be ranked in terms of importance based 

on their likely contribution to error. The rankings, 

while likely not absolute for all cases, are as follows: 

1. Model material detail. 

2. Model external geometric detail.  

3. Internal reflectance measurements. 

4. Model opening geometric detail. 

5. Horizontal positioning of internal illuminance 

sensors. 

6. Glazing transmittance measurements. 

7. Dimensions of the room being measured for 

internal illuminances. 

8. External temperature and humidity data used to 

calculate dewpoint for the Perez sky model. 
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9. Size and dimensions of glazed opening. 

10. Rotational positioning of internal illuminance 

sensors. 

11. Measurements of mullions or other simple 

obstructions Model geometric detail shading. 

12. Direct and diffuse solar radiation measurements. 

These rankings reveal several conclusions. Firstly, 

that the most critical elements of any daylight 

simulation dataset are the reflectances, both internal 

and external. Without precise reflectance data for 

most surfaces in the simulation model it is unlikely a 

quality validation dataset can be achieved. Second, 

model detail is of unexpected importance, 

particularly for setbacks and shaded areas of which 

the complex space that the LPBS dataset offers. 

Positioning of internal sensors was also determined 

to have a large impact on the quality of a dataset. 

While ensuring their being level is not as crucial, 

precise measurements of their positions is highly 

recommended.  

Perhaps most interestingly, measurements of direct 

and diffuse solar radiation ranked the lowest out of 

all aspects, and were determined to be much less 

critical than the dewpoint measurements for the Perez 

sky, provided quality equipment is used.  

In addition to these conclusions, a number of lessons 

can be gleaned for designers running their own 

daylight simulations. Whilst it may seem that the 

obvious method of increasing internal illuminances is 

to increase the size of the glazed opening, or to 

increase the glazing VLT, these results show that it is 

much more effective to increase internal reflectances 

or the glazing transmittance.  

The ideal properties of a validation dataset can then 

be listed: 

 A large number of time-steps are required, hourly 

for a year or minute-by-minute for several days. 

 Must not contain times for which internal 

illuminances have a direct component, nor are 

within 15 minutes of having crossed from direct 

sunlight into purely indirect illumination. 

 Must contain as geometrically detailed as possible 

model, with precise reflectance and dimensional 

measurements. 

 Extra care must be taken around openings, 

particularly with the overall opening area and the 

transmittance of glazing which must take into 

account the dirtiness of the glass. Mullions must 

be present but fine details are not required. 

 Highly precise positioning of internal sensors is 

essential, however their levelness does not require 

the same precision. 

 Highly accurate external temperature and 

humidity data is essential when using the Perez 

sky model, in addition to good direct and diffuse 

solar radiation data.  
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