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Abstract 

Glare assessments are currently made from High Dynamic Range (HDR) images taken from the 
Point Of View (POV) and viewing direction of a user. This paper analyses the feasibility to 
estimate the Daylight Glare Probability (DGP) at the user-level based on machine-learning 
techniques, sun position and a downward-pointing camera sensor mounted at the ceiling of a 
simulated office environment. Three different office cases have been considered: an empty 
room, an empty room with venetian blinds and a furnished room without venetian blinds. The 
influence of the sun direction has been considered as a parameter to predict the observer DGP. 
Subsequently, the best parameters have been selected to build a black box model using 
Artificial Intelligence (AI). Results show that, by using the DGP of the ceiling camera and the 
sun position, it is possible to accurately predict the DGP for an observer’s POV. 

Keywords: Daylight Glare Probability, Prediction, Venetian blinds, Artificial intelligence  

 

1 Introduction 

Glare assessments can be used to improve the comfort of people working in an office 
environment. The position of a glare source is of importance (Guth and Luckiesh, 1949; Levin, 
1975), but other influencing factors, such as the season and time of day, are currently 
researched (Kent et al., 2015; Pierson et al., 2017). 

Daylight glare can be assessed by calculating glare metrics from a High Dynamic Range (HDR) 
image (Inanici and Galvin, 2012; Pierson et al., 2019). The Daylight Glare Probability (DGP) 
indicates the probability that an observer is subjected to glare from daylight (Wienold and 
Christoffersen, 2006). It is defined as 

𝐷𝐺𝑃 5.87  10 𝐸 9.18 10 log 1
𝐿 , 𝜔 ,

𝐸 . 𝑃
0.16 

(1)

where 

Ev is the vertical illuminance at the eye 

i is the index of pixel i (every pixel is a luminance source) 

Ls,i is the luminance of pixel i 

ωs,i is the solid angle of pixel i 

Pi is the position index of pixel i  

The DGP can be divided into three categories. DGP<0.3 is barely perceptible, 0.3<DGP<0.45 
is perceptible and a DGP>0.45 is intolerable. The interpretation of the DGP depends on the 
person experiencing it. Hence, some people can encounter glare at a DGP of 0.30, while 
another person would start to sense glare at a DGP of 0.35. The calculated results must be 
interpreted carefully. 

A glare assessment can be performed by taking an HDR image and calculating the DGP value. 
For a reliable result, the camera should be placed close to the observer and be aligned with 
his/her view direction. In a real office environment, this is impractical. Moving the camera to a 
more convenient position is thus desired. A glare analysis of the two POVs gives us insight in 
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which parameters, such as the position of the sun, are relevant to find a relation between the 
two obtained DGP values. 

2 Method 

A 3D model of an office room is developed in Rhino (Rhino, 2021). Diva (now ClimateStudio) 
simulates the weather conditions and calculates the DGP (DIVA, 2021). The weather conditions 
(and consequently the DGP) are dependent on the type of sky. The Perez sky is based on a 
weather file and uses a time-related sky distribution (Alshaibani et al., 2020). The latter is 
preferred in daylighting studies (Piderit et al., 2014) 

The setup (Figure 1) consists of an office room with dimensions (H x L x W) 2.40 m x 3.00 m x 
2.40 m, which is similar to the setup used in (Goovaerts et al., 2017). The window is south-east 
oriented. One camera is mounted at the ceiling above the table and the other is located behind 
the desk, capturing the POV of the observer facing the window. The cameras have a 180° Field 
Of View (FOV) and use an equisolid mapping method (each image pixel has the same solid 
angle). 

 

Figure 1 – Description of the office geometry and camera locations. The camera above the desk 
is mounted at the ceiling and pointing downwards. 

For the intensity of the light seen by the observer, information from the ceiling camera can be 
used, such as the DGP or the mean luminance of some specific part of the image (e.g. the task 
area). To know which pixel region of the picture can be used as a parameter, a generated image 
and its false colour luminance map are analysed (Figure 2).  

 

Figure 2 – False colour luminance map in an empty office room from the observer POV. 
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The window area is a fixed pixel region in the image. The reflection of the light coming from the 
window on the interior of the room is moving depending on the position of the sun. Analysing a 
fixed pixel region is therefore not possible. To account for this, a luminance histogram is 
analysed. Figure 3 shows that by using percentiles of the pixel luminance distribution, different 
parts of the image can be targeted. Hence, the pixel of the reflection on the wall becomes 
irrelevant, and the approach becomes reproducible. 

 

Figure 3 – A luminance distribution analysis from the ceiling camera  

 Regression algorithm 

A regression analysis between the observer's viewpoint DGP and the ceiling camera DGP is 
performed. The parameters discussed in section 2.2 are also included. The algorithm (gradient 
boost) is described on p. 361 of (Bickel et al., 2017) and was developed by (Friedman, 2001) 
The loss function (Least Squares) is described as 

𝐿 𝑦 , 𝑓 𝑥  arg min 𝑦 𝑓 𝑥  
(3)

where 

yi is the observed output (observer DGP) 

i is the ith row in the dataset 

n is the number of rows in the dataset 

f(x) is the predicted output 

x is the input vector 

The input vector x contains 1) the sun position, 2) different percentiles of the picture luminance, 
such as the percentile 98 which corresponds to the reflection of the light coming from the 
window, and the percentile 85 corresponds to the window and 3) the DGP from the ceiling 
camera. 

3 Results 

In this section, the results on the three different cases are presented. Each case consists of 
simulations between 10.00h and 16.00h. The entire dataset contains measurements spread 
over one year, to make sure all sun positions (elevation and azimuth) are included. To exclude 
simulation issues due to objects being present in the office room, the method is first tested on 
an empty room (section 3.1).  In section 3.2, venetian blinds are added. Section 3.3 shows the 
result in a furnished room. 
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 DGP prediction on an empty room without venetian blinds 

For the empty room, the model has been trained with data of 24 weeks, spread over one year. 
The result on the test data can be seen in Figure 4. The boxes represent the three categories, 
as discussed in the introduction.  

 

Figure 4 – DGP prediction and classification for an empty office without venetian blinds. 

 DGP prediction on an empty room with venetian blinds 

Venetian blinds are often controlled by a cut-off control strategy. The cut-off angle Θ (Figure 
5a) blocks direct solar irradiance and is dependent on the position of the sun. In this case, a 
fixed cut-off angle is used. In total, five different cut-off angles (ranging from 0 rad to 1 rad) are 
simulated for 12 weeks, spread over one year. In total, the dataset contains 3528 
measurements. The results are shown in Figure 5b. The colour legend corresponds to the cut-
off angle (in rad). 

 

(a) (b) 

Figure 5 – (a) indication of the cut-off angle and (b) DGP prediction for an empty room with 
venetian blinds 
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 DGP prediction on a furnished room without venetian blinds 

Finally, the same procedure is also tested on a furnished room. The result is indicated in Figure 
6.  

 

Figure 6 –DGP prediction for a furnished room without venetian blinds 

Tests are currently going on to validate this procedure with data from a real office setup. The 
observer’s view direction is parallel to the window, to validate whether this approach creates 
other insights. The results will also be presented in this conference (Mentens et al., 2021). 

4 Discussion and conclusion 

This article presents a theoretical procedure to predict the DGP, based mainly on two inputs: 
the position of the sun and the DGP from the ceiling camera. It can be valuable for glare 
predictions in an office room, where the user is positioned in a view direction towards the 
window.  

In Figure 4, two out of 588 datapoints are misclassified, in terms of (barely) perceptible or 
intolerable. However, in a shading control strategy, the predictions inside the same box would 
still result in the same control strategy. It is also noticed that the RMSE in Figure 6 (furnished 
room) increases, compared to Figure 4 (empty room). This can be due to a table (or furniture 
with a high reflectance or specularity in general) causing glare which is more difficult to predict. 
However, it is believed that the cause is that less data was used for training. Figure 5b shows 
that the angle of the slats does not seem to have a negative impact on the prediction of the 
DGP. 

Three cases are presented to show the influence of venetian blinds and furniture. The empty 
room has shown to have the lowest RMSE. Glare sources, caused by tables or other materials, 
are not present. After adding a table, the RMSE increases, but is still adequate. The DGP, in 
all three cases, is well estimated for datapoints with a true DGP around 0.2 to 0.3 since the 
majority of datapoints lie between these limits. A higher error is present for higher DGP values, 
but these occurrences would result in the cut-off shading control strategy to be employed. 
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