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Abstract 

This paper analyzed the accuracy of simplified glare analysis methods compared to the Daylight Glare Probability (DGP) through 
a parametric study. It consisted of glare calculations in a sample office room, with varying façade layout and orientation. 
Calculations were performed with Radiance, obtaining the simplified and full glare indices for each case. The different options 
were compared for discrete daylight conditions as well as for complete annual simulations. As a final output of the research, a 
new metric is proposed based on the cylindrical illuminance. This has the advantage of retaining the vertical component of 
illuminance, while being view independent.  
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the CENTRO CONGRESSI INTERNAZIONALE SRL. 
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1. Introduction

The assessment of discomfort glare in buildings is a crucial parameter to verify for an accurate and conscious
daylighting design. Nevertheless, this analysis is rarely carried out by a design team, due to the inherent uncertainties 
concerned with the nature of this phenomenon: the perception of glare actually depends on luminance distribution 
within a user’s field of view, as a function of the user’s position and direction of view while performing a task. 
Furthermore, in the case of natural lighting conditions, glare also depends on the luminance distribution of the sky, 
which is dynamically changing over time. For the same room lay-out (position of the desks, main directions of view 
for users), the amount of daylight in the visual field may change significantly.  
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Fig. 1. Visualization of points and directions used to calculate the simplified indexes investigated.  

2. Method

The parametric study was carried out through two stages:
1) in a first stage, different façade designs were simulated under a series of simplified sky conditions. Two different

types of façades (Fig. 2) were considered, with two different ceiling heights. One additional case had only a
skylight and no windows, totaling five options. Each of these options was simulated under a series of clear skies
with varying solar altitude and azimuth, giving fifty-four different sun positions (Fig. 3).
A grid of nine points was defined inside the room at distances between 1m and 3m from the façade. Ehor was
calculated at each point, at a height of 0.75m above the floor. Evert was calculated in eight directions, at 1.10m
high. Finally, hemispherical images were produced in each of the eight directions and DGP was calculated from
them. The highest DGP result for each point was compared to the different simplified glare methods.
The final aim of this stage was to identify for each simplified glare metric the illuminance threshold
corresponding to the validated DGP threshold value of 0.45 for discomfort glare [7].

Fig. 2. Façade typologies analyzed in the first stage of the study. Fig. 3. Sun positions for clear skies used in stage 1 of the study.

2) in a second stage, one façade was tested under full annual weather conditions, in two orientations, using the same
comparison between DGP and simplified methods. The findings of stage 1, described in detail in the following
section ‘Results’, suggested that the simplified methods that include a vertical component of the illuminance
predict glare with higher accuracy than methods based on horizontal illuminance. In order to verify this, a second
round of simulations was produced using full annual weather data corresponding to London. In this case, only
one façade type was considered with two orientations, facing South and East. In order to reduce the number of
calculations required, only one point was considered, 1 m inside from the centre of the facade. All other
calculations remained the same, with Ehor, Evert, Ecyl, Ev,vector and DGP in eight directions being calculated for each
daylit hour, that is to say from sunrise to sunset throughout a year.

3. Results and discussion

3.1. Identification of the illuminance threshold values for each simplified glare metric 

For the analysis and to identify the threshold illuminance values corresponding to the DGP threshold value of 
0.45, the following check was adopted for each configuration, resulting in one of the following labels:  





 Santiago Torres and Valerio R.M. Lo Verso  /  Energy Procedia   78  ( 2015 )  699 – 704 703

Fig. 6. Results from stage 1: glare values according to simplified methods vs. DGP values. 

Fig. 7. Results from stage 2: glare values according to simplified methods vs. DGP values. Results in dotted box refer to the E thresholds 
calculated in stage 1. 
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It is important to note that it is very difficult to understand the effectiveness of the different methods by annual 
cumulative results alone. If the glare estimates will be used to inform design decisions, the time of occurrence of the 
detected glare cases is as important as the number of correct predictions. To illustrate this, the predicted glare cases 
for the East-facing façade were mapped onto the sun-path diagram according to the sun’s position at the time (Fig. 
8). This could be used, for example, to approximate the geometry of an external shading. As shown in the figure, 
most of the cases not predicted by Ehor correspond to solar positions below 20 degrees, especially towards the 
direction of the façade. Although this is to be expected due to the method, it produces a distortion more pronounced 
than what the annual statistics would suggest. On the contrary, methods that preserve the vertical component do not 
present this problem.

Fig. 8. Glare cases mapped onto the sunpath diagram for DGP, Ehor, Ecyl and Ev,vect. Parts in red visualize the errors in estimates. 

4. Conclusions and future work

A parametric study was carried out to analyze the reliability of some simplified glare predicting methods with 
respect to DGP. For office buildings, this latter is the most accurate metric to quantify the potential discomfort glare 
for occupants, but it implies long simulation times to calculate the necessary view positions and directions for each 
time-step throughout a year, even when the simplified DGPs is used. In the study, Ehor (according to the UDI 
concept), Evert, Ev,vector and Ecyl at the eyes were compared to the DGP values. The results show that simplified 
methods based on Ehor predict glare with less accuracy than methods where the vertical aspect is considered. Evert is
very similar to DGP for the same view direction when it corresponds to the worst glare perceived. 

As a final output of the research, a new metric is proposed based on the cylindrical illuminance. This has the 
advantage of retaining the vertical illuminance aspect, while being view independent. Furthermore, it is an existing 
measure that is already calculated by most lighting software. It was found that the new metric produces results with 
accuracy similar to the more detailed methods, although being easier to implement.  

The work is not considered accomplished, but is still on-going: with particular regard to the stage 2 of the 
research, annual simulations will be carried out for locations other than London, so as to gather more information on
the magnitude of the dispersion of results based on the simplified method and on the DGP for other climates.  
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