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Abstract 
Daylighting has become an essential feature in libraries since it can boost productivity, well-being, and energy savings. It is crucial to 
prevent discomfort glare irritation while maintaining the quality of view, and daylight demands. This study compares four different 
shading systems on all fronts of a reading room. Shading devices include a Perforated Solar Screen (PSS), besides three Venetian Blinds 
typologies (exterior, interior, and exterior integrated with overhangs) are generated considering various parameters. The 60-min time 
step for an entire year is used to find out the worst dates for glare analysis in different positions for Rasht, Iran. The findings of Daylight 
Autonomy (DA), Useful Daylight Illuminance (UDI), Daylight Glare Probability (DGP), and Quality of View (QV) depict that PSS is 
ineffective at glare reduction but is adequate for annual metrics and view quality. Moreover, Venetian Blinds in every three typologies 
are sufficient to deal with glare problems on most dates, despite differences in their characteristics being reported. Annual metrics and 
Quality of View in these cases, depending on variables, are changeable. 

© 2022 The Author(s). Published by solarlits.com. This is an open access article under the CC BY license 
(https://creativecommons.org/licenses/by/4.0/). 

 

1. Introduction
Humans have always sought to learn and comprehend throughout 
their lives. As time goes by, realizing the importance of this issue, 
learning and studying facilities such as schools, colleges, libraries, 
and study halls have been built. Adequate daylight quantity and 
visual comfort are becoming increasingly crucial in such spaces 
[1] since natural light provides positive psychological, mental, and 
physiological effects on building occupants. It has the potential to 
impact the user's productivity, wellbeing, circadian rhythms, 
mood, alertness, etc. [2-5]. As a renewable source, the available 
daylight also can reduce artificial lighting using diffusing light 
from the sky and ambient Environment [6,7]. Nevertheless, 
excessive sunlight remains problematic in terms of glare and 
undesirable visual discomfort [8]. Avoiding glare is considered a 
critical aspect of addressing visual discomfort to do essential 
visual work in high daylight availability and clear sky. 

 Glare can be defined as the sensation caused by luminance in 
the field of view that is too great that the eye cannot adapt to it. 
Therefore, discomfort or loss in visual performance and visibility 

are occurred [9]. It is commonly divided into two categories: 
disability glare and discomfort glare. Disability glare makes a 
person unable to see specific objects in a field of view, while 
discomfort glare produces discomfort without necessarily 
influencing visual performance and visibility. This phenomenon 
can occur either when the amount of light reaching the observer's 
eyes is excessive or when an observer experiences a too wide 
range of luminance in a given visual field. The extreme contrast 
between illuminated and dark parts of the visual field causes a 
progressive decline in visual performance. As a result, it leads to 
premature eye fatigue, and in the following, it also causes a feeling 
of discomfort or other symptoms such as headaches [10]. 

Visual comfort in the indoor environment has been a substantial 
factor in learning and is recognized to improve the educational 
process [11]. In addition, the positive impact of the quality of view 
on wellbeing [12] and eye health [13] is reported. Reading rooms 
are often used during the day. Hence the challenges caused by 
sunlight are essential to be addressed in the design. In daylighting 
design, to successfully obtain the profits of utilizing natural light 
sources in buildings, discomfort glare should be prevented [14]. 
Due to the need for people's long-term presence in these places, 
the lack of glare control causes adverse effects on users, 
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inefficiency, or absence. Optimal glare control by placing barriers 
in or blocking sunlight might adversely affect views to the outside 
and/or daylight indicators. Therefore, it is critical to identify 
effective shading design factors which ultimately lead to a 
comprehensive design and maximal response to the demands of 
the user's needs. A fundamental goal for architects, building 
engineers, and designers has been to maximize the valuable 
daylight in interior spaces as much as possible [15]. 

Due to the high relative humidity, the moderate climate often is 
foggy and cloudy. This study has selected a moderate climate 
since the beneficial use of daylight on sunny days is essential. For 
maximum use of daylight, the windows are located in four 
directions modeled on the article's hypotheses. Although large 
glasses in facades allow natural light and the outdoors view in 
buildings, they are accompanied by visual discomfort [2]. 
Therefore, it is difficult to control the glare in a clear sky in such 
spaces. The main innovation of this research is the assessment of 
suchlike buildings that are more exposed to glare and have not 
been studied before. There are countless study halls and libraries 
that are glazed in all directions to maximize the use of daylight, 
such as Sainte-Geneviève Library [16], Central Library Oodi in 
Helsinki [17], Suzzallo-Allen Library [18], and so on.  

It is necessary to consider the glare that reaches the user's eyes 
from different directions in such places. This study intends to 
evaluate the performance of shading to reduce glare in different 
users' fields of view by performing simulations. The purpose of 
the present article is to investigate different shadings performance 
and identify their effective parameters on daylight performance, 
quality of view, and diminishing glare caused by natural daylight 
in a reading room with daylight coming in from all sides. Despite 
having windows on all four sides, the main research question is to 
what extent the shadings are able to manage the discomfort glare 
and deliver beneficial daylight into the room. Another question 
that can be addressed is to what extent each shading parameter is 
effective in enhancing visual comfort factors. It can be determined 
which of the shading has the most potential for keeping the user 
from being exposed to the glare phenomena over more dates in 
different directions. This paper's results indicate the significant 
effects of shading on glare control and the impact of its types on 
visual comfort and daylight efficiency. The focus on visual 

comfort has been investigated to maximize the internal 
environmental conditions for the user's presence. 
 
2. Background 
Architectural design with massive windows has become a trend in 
recent decades, resulting in high energy consumption. It also has 
a substantial impact on daylighting and occupant visual comfort.  

Many studies have been carried out on daylight design [19-23], 
daylight performance [24-28], quality of view [29-31], and 
strategies used to reduce glare [32-36]. Although each study has 
researched a specific topic, their goals have been increasing visual 
comfort and reducing energy consumption or using some methods 
to make reviews more accurate in achieving these goals. For 
instance, Xue, P et al. [37], confirmed that daylight performance 
improves by increasing Window-to-Wall Ratio (WWR). 
Furthermore, sunshades have a positive effect on reducing the 
cooling load, even with high WWR. Yuan Fang and Soolyeon Cho 
[38] presented a parametric design for energy-saving and daylight 
efficiency for three different climates. They concluded that among 
the studied variables, the width and length of the skylight are the 
most significant variables. 

Some scholars have focused on building facades to reduce 
energy consumption and improve daylight performance [3,39]. As 
a result of a study by Lu, S et al. [40], it turns out that the optimized 
curve facade significantly improves the daylight performance. 
Seasonal and daily changes in solar positions and sky conditions 
prompted researchers to study the dynamic facade's effect on 
daylight efficiency. Hosseini, S. M et al. [15] compared the simple, 
two-dimensional-shape-change-façade (2D-SCF) and three-
dimensional-shape-change-façade (3D-SCF) aimed at visual 
comfort and reducing glare, which resulted in 3D-SCF has a better 
performance to achieve this purpose. Origami patterns inspired 
designers to do research related to this context [41,42]. A 
hexagonal responsive skin as a dynamic shading system was 
examined to provide visual comfort by Tabadkani et al. [43] which 
indicates that based on the user preference, using a proposed 
timing pattern on a responsive skin can increase daylight reception 
and provide shading with controlling glare.  

Recent studies have highlighted the effect of blinds and louvers 
on improving comfort and energy performance [44-46]. Daniel 
Uribe et al. [47] examined the impact of control strategies for 
moving curved perforated louvers to attain an acceptable level of 
visual comfort and minimize office space's total energy 
consumption in different climatic conditions. Samadi, S et al. [48] 
proved that applying kinetic shading systems in optimal states 
enhances indoor daylight efficiency. A study by Santos L et al. 
[49], the Lasy_S system installed in the air gap of the double-pane 
window and LightLouver placed inside the room was simulated to 
better light performance at the back of the room. The findings 
confirmed that the LightLouver system performs better in 
diffusing, creating a low-contrast environment, and avoiding glare. 
At the same time, the Lasy_S prevents excessive daylight in 
addition to the better light-directing performance at the back of the 
room. As a result of a study on the material parameters of Venetian 
blinds with the aim of energy savings in residential buildings, 
Solar Reflectance and Transmittance are introduced as two key 
parameters [50]. A study was conducted on the effect of External 
Venetian blinds on nearly zero-energy buildings for the different 
climates in China. Results indicate that WWR, Shape of the 

Nomenclature 
ASE Annual Sunlit Exposure 
CIE  Co1nn1ission Inteniationale de l'Eclairage 
DA  Daylight Autono1ny 
DGP  Daylight Glare Probability 
LEED  Leadership in Energy and Environ1nental Design 
QV  Quality of View 
UDI  Useful Daylight Ilh11ninance 
WWR  Window-to-wall ratio 
E  Illuminance, Lux 
Ls,i  The luminance of the i-th glare source, cd/1112 
Pi Position index of the i-th glare source, - 
ωs,i  The solid angle of the i-th glare source based on the 

viewing position of the observer, sr 
t  Time, hour 
Ev  Ve11ical illu1ninance at eye level, Lux 
wf  Weighting factor 
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building, and Slat Angle are linearly associated with the shading 
performance [51]. 

Several studies noted the importance of human physiological 
responses to discomfort glare [52-54]. Research by Hamedani et 
al. [55] which focused on this issue, claims that during the study, 
the eye fixation rate increases under high glare conditions while 
the blinking rate is low. Follow to Rosenfield's advice [56]; eye 
blinking is a natural mechanism in the human body to keep a 
healthy ocular surface and clarity of vision; the frequency of a 
lower blinking can lead to faster evaporation of tears and possibly 
dry eyes. Furthermore, to get rid of discomfort glare caused by 
daylight, the user increases the probability of a curtain being 
operated and uses artificial lighting [57]. Hence energy 
consumption rises.  

All studies have proved the crucial of enhancing beneficial 
daylight, both in terms of energy reduction and visual comfort, that 
determine the accuracy and sensitivity of researchers to this 

context. This issue inspires authors to research in this field. 
Various strategies and shading systems were discussed in the 
background, whereas most of the simulations investigated one side 
of the building (usually the southern front for the northern 
hemisphere and the northern front for the southern hemisphere). 
They did not take into account all direction openings. Among all 
the previous scenarios, not only discomfort glare conditions 
throughout the year have not been seriously assessed, but also, 
they have typically considered predetermined dates in which the 
building was exposed to glare according to the state of the sun in 
winter or summer. Also, they have not cared about the shadings' 
performance potential on most glare dates. Besides, the impact of 
shadings on different directions that are simultaneously exposed 
to glare has not been addressed. The superiority of shading 
performance, particularly the performance of PSS to counteract 
glare compared to different Venetian Blinds typologies, is not 
specified. The present study intends to fill the mentioned gaps. 

 
Fig. 1. Illustrating flow chart. 
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3. Methodology 
The research approach's overall process for obtaining both visual 
comfort and daylight efficiency is shown in Fig. 1. The present 
study uses simulation tools based on Daysim/Radiance engines; 
Grasshopper plugins Ladybug (Version 0.0.68) and Honeybee 
(Version 0.0.65), and goes through several stages, where the first 
step is to prepare the building geometry. Invariable parameters are 
clarified in section 3.1. After the geometry is set up, the next step 
is to simulate the model, once without considering the shading and 
the subsequent times with different shading devices, to find how 
the shadings operate. The selected climate, indicators, and 
simulation settings are described in detail in the Second Section. 
Besides, the view analysis setting based on LEED v4 is included 
to respond to how much shadings affect the Quality of View. 
Various shading systems and their variable parameters are 
presented in section 3.3. Finally, the following sections interpret 
the simulation output results and discussions. The method for 
determining the shade success rate is obtained by comparing the 
maximum number of dates in which the glare reduction occurred 
to the number of glare dates in the base model. It should be noted 
how much the indicator has grown dramatically from the base 
model to compare the shading performance in terms of daylight 
efficiency. 

 
3.1. Set up for reading room model 
A reading room represents the interior space with 8m (length), 5m 
(depth), and 3m (height). The room is modeled by Rhino software. 
It has windows with a 33% Window-to-Wall Ratio (WWR) on all 
fronts. Since various WWRs have been used in different studies 
[58-60], in this article, approximately the average of these 
intervals is assumed. For the east and west fronts, three windows 
besides the north and south, four windows with 0.80m sill height, 
and 2m height are considered as the room has a rectangular plan 
and elongation in the east-west axis. Windows have a visual 
transmittance equal to 80%, and the surfaces' reflectances are the 
following; floor (%20), ceiling (%70), and wall (%50) [61]. The 
analysis plane is placed 0.75m above the floor (a typical desk 
height), and the size of the gride test is set to be 0.50 m. Since the 
door's location affects neither daylight simulation nor glare 
analysis, the door may be placed anywhere on the solid parts of 
the walls. Therefore, its position has not been displayed (Fig. 2). 

 
3.2. Simulation settings, selected criteria, and the weather file 
As stated by Reinhard, CF et al. [62], dynamic daylight 
performance metrics are based on timed series of illuminances in 
buildings, which is considered the entire year, the quantity and 
character of daily and seasonal instabilities of daylight for a given 
building, and rare meteorological events. Since numerous articles 
have used Daylight Autonomy (DA) and Useful Daylight 
Illuminance (UDI) for such spaces [63-65], in the present study, 
DA and UDI were selected as two climate-based metrics for the 
case evaluation. DA is defined as the percentage of occupied hours 
of the year in which the minimum illuminance threshold is met 
only by daylight [66,67]. It is formulated in Eq. (1) [68] 

𝐷𝐷𝐷𝐷 = ∑ (𝑤𝑤𝑓𝑓𝑖𝑖∙𝑡𝑡𝑖𝑖)𝑖𝑖
∑ 𝑡𝑡𝑖𝑖𝑖𝑖

∈ [0, 1]    (1) 

with  𝑤𝑤𝑓𝑓𝑖𝑖 = �
1   𝑖𝑖𝑓𝑓   𝐸𝐸𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝑖𝑖𝐷𝐷ℎ𝑡𝑡 ≥ 𝐸𝐸𝐷𝐷𝑖𝑖𝑙𝑙𝑖𝑖𝑡𝑡
0  𝑖𝑖𝑓𝑓   𝐸𝐸𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝑖𝑖𝐷𝐷ℎ𝑡𝑡 < 𝐸𝐸𝐷𝐷𝑖𝑖𝑙𝑙𝑖𝑖𝑡𝑡

, 

where: 
ti is each occupied hour in a year, wfi is a weighting factor, EDaylight 
is the horizontal illuminance at a given point caused by only 
daylight, and Elimit is the illuminance limit value. 

UDI represents the percentage of time where the daylight level 
is useful for the occupants. It is categorized into three bins; too 
dark or underlit (<100 lux), usable daylight (100-2000 lux), and 
too bright or overlit with the possibility of glare (>2000 lux) [66]. 
Its formulation is shown in Eq. (2) [68]: 

𝑈𝑈𝐷𝐷𝑈𝑈 = ∑ 𝑤𝑤𝑓𝑓𝑖𝑖∙𝑡𝑡𝑖𝑖𝑖𝑖
∑ 𝑡𝑡𝑖𝑖𝑖𝑖

∈  [0, 1]    (2) 

𝑈𝑈𝐷𝐷𝑈𝑈𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝐷𝐷𝑖𝑖𝑡𝑡    with   𝑤𝑤𝑓𝑓𝑖𝑖 = �
1   if   𝐸𝐸𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝑖𝑖𝐷𝐷ℎ𝑡𝑡 > 𝐸𝐸𝑈𝑈𝑈𝑈𝑈𝑈𝑂𝑂𝑂𝑂 𝐷𝐷𝑖𝑖𝑙𝑙𝑖𝑖𝑡𝑡

0  if   𝐸𝐸𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝑖𝑖𝐷𝐷ℎ𝑡𝑡 ≤ 𝐸𝐸𝑈𝑈𝑈𝑈𝑈𝑈𝑂𝑂𝑂𝑂 𝐷𝐷𝑖𝑖𝑙𝑙𝑖𝑖𝑡𝑡
 

𝑈𝑈𝐷𝐷𝑈𝑈𝑈𝑈𝑈𝑈𝑂𝑂𝑓𝑓𝑈𝑈𝐷𝐷    with   𝑤𝑤𝑓𝑓𝑖𝑖

= �
1   if                         𝐸𝐸𝐿𝐿𝐿𝐿𝑤𝑤𝑂𝑂𝑂𝑂 𝐷𝐷𝑖𝑖𝑙𝑙𝑖𝑖𝑡𝑡 ≤ 𝐸𝐸𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝑖𝑖𝐷𝐷ℎ𝑡𝑡 ≤ 𝐸𝐸𝑈𝑈𝑈𝑈𝑈𝑈𝑂𝑂𝑂𝑂 𝐷𝐷𝑖𝑖𝑙𝑙𝑖𝑖𝑡𝑡

0   if   𝐸𝐸𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝑖𝑖𝐷𝐷ℎ𝑡𝑡 < 𝐸𝐸𝐿𝐿𝐿𝐿𝑤𝑤𝑂𝑂𝑂𝑂 𝐷𝐷𝑖𝑖𝑙𝑙𝑖𝑖𝑡𝑡  ˅ 𝐸𝐸𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝑖𝑖𝐷𝐷ℎ𝑡𝑡 > 𝐸𝐸𝑈𝑈𝑈𝑈𝑈𝑈𝑂𝑂𝑂𝑂 𝐷𝐷𝑖𝑖𝑙𝑙𝑖𝑖𝑡𝑡
 

𝑈𝑈𝐷𝐷𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑂𝑂𝑂𝑂𝐷𝐷𝑖𝑖𝑡𝑡    with   𝑤𝑤𝑓𝑓𝑖𝑖 = �
1   if   𝐸𝐸𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝑖𝑖𝐷𝐷ℎ𝑡𝑡 < 𝐸𝐸𝐿𝐿𝐿𝐿𝑤𝑤𝑂𝑂𝑂𝑂 𝐷𝐷𝑖𝑖𝑙𝑙𝑖𝑖𝑡𝑡

0  if   𝐸𝐸𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝑖𝑖𝐷𝐷ℎ𝑡𝑡 ≥ 𝐸𝐸𝐿𝐿𝐿𝐿𝑤𝑤𝑂𝑂𝑂𝑂 𝐷𝐷𝑖𝑖𝑙𝑙𝑖𝑖𝑡𝑡
 

UDI in the range of 100-2000 lux is evaluated in this research. 
According to the British Standards Institution [69], the 
illuminance threshold for educational spaces is 300-500 lux. 

Table 1. Profile of the studied region. 
City Köppen-Geiger 

classification 
Location Average daylight 

(hour) 
Average sunshine 
(days) 

Average cloud cover 
(%) 

sun position 
variability (°) 

Rasht (Iran) Csa 37.2682° N, 
49.5891° E 

Jun: 14.7h 
Dec: 9.6h 

Jul: 20.7 
Sep: 12.5 

Feb: 40 
Jun: 15 

21 Jun: 73.3 
21 Dec: 20.91 

 

 
Fig. 2. Positions to analyze DGP. 
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Therefore, 300 lux is considered the illuminance threshold for DA. 
According to [70,71], the target level for UDI should be above 
50%, and [72] considers 50% of the floor area for DA. 

The most adequate and powerful metric for analyzing the 
appearance of discomfort glare is the Discomfort Glare Probability 
(DGP) [66]. Also, it shows more relevance to the user's response 
in terms of glare perception. DGP is a short-term, local, one-tailed 
index assessing glare [73] and is divided into 4 different intervals: 
imperceptible glare (DGP<0.35), perceptible glare 
(0.35≤DGP<0.4), disturbing glare (0.4≤DGP<0.45), and 
intolerable glare (DGP≥0.45) [74]. The DGP is formulated in Eq. 
(3) [74]: 

𝐷𝐷𝐷𝐷𝐷𝐷 = 5.87 ∙ 10−5𝐸𝐸𝑂𝑂 + 0.0918 log �1 + ∑ 𝐿𝐿𝑠𝑠,𝑖𝑖
2 ∙𝜔𝜔𝑠𝑠,𝑖𝑖

𝐸𝐸𝑣𝑣1.87∙𝑃𝑃𝑖𝑖
2𝑖𝑖 �+0.16 

   (3) 
where Ev is the vertical eye illuminance (Lux), Ls is the luminance 
of source (cd/m2), ωs is the solid angle of the source (sr), and P is 
the position index. 

In the present study, Rasht is selected as a moderate climate. It 
is located in the north of Iran at 37.2682° N latitude and 49.5891° 

E longitude. The average daylight hours in the summer solstice 
(21 June) are 14.7 hours and in the winter solstice (21 December) 
is 9.6 hours. The sun is at an angle of 73.3° and 20.91° on the 
mentioned dates, respectively. On average, there are 20.7 days of 
sunshine in July in the best condition, and in the worst case, there 
are only 12.5 days in September. The largest cloud cover is about 
40% in February, and the lowest amount is around 15% in June. 
Climatic and geographical information is summarized in Table 1. 
Although Rasht has different sky conditions throughout the year, 
and this probably affects the amount of achieving annual daylight, 
in this article, the Sunny with Sun sky type was required in 
Honeybee Generate CIE Standard Sky for glare simulation since 
the clear sky is more likely to glare risks [55]. As Fig. 2 shows, 
the sitting position facing the windows in four directions included 
-90°(West), 0°(South), 90°(East), and 180° (North), was 
considered to check the shadings function in each direction. 
Henceforth, in this study, for brevity, these positions are named 
P1, P2, P3, and P4, respectively. The simulations were performed 
one-hour time step in 12 months of the year, 30 days of the month, 

Table 2. Variables of shading systems. 
Shading device Perforated Solar Screen 

(PSS) 
Interior Venetian Blinds Exterior Venetian Blinds Exterior Venetian Blinds 

integrated with overhangs 
Perforation ratio (%) W-E: 27.47, 37.32, 48.75 

N-S: 28.55, 38.87, 50.77 
_ _ _ 

Distance to glass (m) 0.05, 0.1, 0.15, 0.2 0.05, 0.1, 0.15, 0.2 0.05, 0.1, 0.15, 0.2 0.05, 0.1, 0.15, 0.2 
depth (m) 'Slats _ 0.04, 0.08, 0.12 0.04, 0.08, 0.12 0.04, 0.08, 0.12 

)°angle ( 'Slats _ -60, -45, -30 ,30 ,45, 60 -60, -45, -30 ,30 ,45, 60 -60, -45, -30 ,30 ,45, 60 

 

 
Fig. 3. Shading devices characteristic. (a) Perforated Solar Screen, (b): Interior Venetian Blinds, (b.1) Side view of an Interior Venetian Blind with horizontal slats, 
(b.2) Top view of an Interior Venetian Blind with vertical slats, (c): Exterior Venetian Blinds, (c.1) Side view of an Exterior Venetian Blind with horizontal slats (or top 
view of the blind with vertical slats), (d) Exterior Venetian Blinds integrated with overhangs (d.1) Section of an Exterior Venetian Blinds integrated with overhangs 
with horizontal slats (or Section of the blind with vertical slats). 
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and from 7 am to 6 pm to find the worst dates (DGP≥0.45) for all 
mentioned positions. 

 
3.3. Complex building shadings 
Four different shading devices are placed on windows, as Fig. 3 
shows; (a): Perforated Solar Screen (PSS), (b): Interior Venetian 
Blinds (Int. VB), (c): Exterior Venetian Blinds (Ext. VB), and (d): 
Exterior Venetian Blinds integrated with overhangs (Ext. VB-
overhangs). 

The PSS has circular apertures in the form of an 8\times20 
matrix for east and west windows (0.83m width \times 2m height), 

in addition to a 10\times20 matrix for the north and south windows 
(1m width \times 2m height) (Fig. 3(a)). The PSS is considered as 
a single opaque surface without thickness with %80 reflectance 
and zero specularity and modeled parametrically by Grasshopper. 
In this case, the variable parameters are the perforation ratio and 
the PSS distance to glass. When the circle radiuses are 3, 3.5, and 
4 cm, the perforation ratio for east and west windows are 27.47%, 
37.32%, 48.75%, and for north and south windows are 28.55%, 
38.87%, 50.77%, respectively. The PSS's distance to glass is 
considered 5, 10, 15, and 20 cm. 

The second shading device is placed on the interior side of the 
glazing. The default blinds material considered has 65% solar 

 
Fig. 4. Simulation outputs visualization of the base model. (a) The DA and UDI are based on percentages. (b) UDI intervals. 
 

 
Fig. 5. Some of the worst dates and times of discomfort glare. 
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reflectance, zero transmittance, 90% emittance, and a thickness of 
0.25 mm. The shades are assumed to be always on. The variable 
parameters in the Interior Venetian Blinds (Int. VB) are the angle 
of slats in degrees such as -60°, -45°, -30°, 30°, 45°, and 60°; the 
blinds' distance to glass included 5, 10, 15, and 20 cm, and the 
depth of slats functioning as 4, 8, and 12 cm. It should be noted 
that, as Fig. 3(b) demonstrates, for the east and west fronts, the 
slats are on the vertical axis. In contrast, the slats are supposed to 
be on the horizontal axis on the north and south fronts. 

Exterior Venetian Blinds (Ext. VB) have the same 
characteristics as the second one, but it is placed outside the room. 
Fig. 3(c) shows some differences between the slat's angle. 

The last model is Exterior Venetian Blinds integrated with 
overhangs (Ext. VB-overhangs). The only difference between this 
case and the previous one is the screens on the window's sides. As 
Fig. 3(d) shows, for vertical axis blinds, the fixed screens are 
horizontally at the top and bottom of the window, while for the 
horizontal axis, the fixed screens are located vertically to the right 
and left. The depth of the blind slats changes the depth of the 
screen. All parameters are summarized in Table 2. 

 
4. Results 
The selected metrics are required to compare each shading 
device's performance to the base model for satisfying visual 
comfort and daylight efficiency. The results are described in the 

five sections, and the findings obtained from their comparison are 
described in the following discussion section. 

 
4.1. Base model 
As mentioned before, the base model has been evaluated 
regardless of the shading. The daylight simulation outputs are 
illustrated in Fig. 4. It proves that the average DA is 99.15% which 
can be interpreted that the DA in 100% of the test points receives 
daylight more than the threshold (300 lux). Figure 4(b), which is 
presented the UDI intervals, indicates that it is only about 15% in 
the range of 100-2000 lux, and the UDI blue areas in Fig. 4(a) 
receive daylight of approximately 85% more than 2000 lux, which 
are prone to glare and overheating. 

In order to identify the worst dates and times of discomfort glare 
during the year, 4320 outputs resulted for each position. In total, 
17280 outputs are taken for the base model. Although multiple 
dates and times resulted explicitly for each position, no dates were 
found that have a discomfort glare in all four positions at the same 
time. Accordingly, it makes more sense to select dates that have 
an intolerable glare in at least three positions to have an identical 
number of dates for comparing the impact of shadings in 
maximum directions. The simulation outputs show 18 dates (Table 
A1) that DGP≥0.45 in maximal three positions simultaneously, 
filtered by Design Explorer and presented in Fig. A1, as in the 
Appendix. The dates are selected by maximum DGP values in all 
three positions. Hence, positions facing west (P1), south (P2), and 

 
Fig. 6. Quality of View in the base model. 100% of the test points have view access. 
 

 
Fig. 7. PSS model's daylight performance. The DA and UDI are based on percentages. 
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east (P3) are chosen. Figure 5 illustrates some of the DGP results 
in both FalseColor and Graphics Interchange Format (GIF).  

 
Fig. 8. (a) DGP<0.35 simultaneously for three user positions, (b) The number of dates that the specific PSS model can reduce discomfort glare for three positions. 
 

 
Fig. 9. QV assessment for PSS models. The values above 75% are accepted. 
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The view analysis output for the base model proves that the 
points on the view analysis surface have 100% view access to the 
outdoors based on LEED v4 (Fig. 6). 

 
4.2. Perforated solar screen (PSS) 
The possible variations listed in Table 2 are investigated. In total, 
12 modes are simulated for the PSS device in the Annual Daylight 
Simulation. As Fig. 7 illustrates, the PSS keeps the DA at an 
acceptable level even with the lowest perforation ratio percentage 
(the smallest circle radius). On the other hand, UDI decreases as 
the radius of the circle increases and vice versa. Even at their 
lowest rate, the UDI values are higher than the base model. No 
significant effect on DA and UDI in varying the glass 

measurement distance is observed. The lowest UDI (55.71%) and 
the highest DA (98.08%) can be seen at a distance of 20cm from 
the glass and a radius of 4cm. Also, the highest UDI (81.40%) and 
the lowest DA (93.55%) occur at a distance of 5cm from the glass 
and a radius of 3cm. 

Glare analysis proves that given all three positions have a 
DGP<0.35 simultaneously, the PSS can hold the range on one date, 
where the shade is located at a distance of 10cm from the glass and 
a radius of 3cm (Fig. 8(a)). Regarding system specifications that 
contain the most dates, Fig. 8(b) demonstrates that PSS reduces 
glare for P3 on six dates when the distance to glass is 10cm, and 
the radius is 3.5cm. PSS also helps mitigate glare on five dates for 
p2, where the radius is 3cm at a 5cm distance to glass. It seems 

 
Fig. 10. Daylight performance analysis results of Interior Venetian Blinds, (a): while negative angles are filtered, (b): while positive angles are filtered, (c): while 
positive angles and long-distance are filtered, and (d): while positive angles and short distance are filtered. 
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that the most critical parameter in reducing glare is radius since 
the smaller the radius, the better the glare control. It should be 
noted that although the distance to the glass is not a worthless 
parameter, it is less valuable than the radius. Given the extent to 
which PSS has been able to reduce glare, it can be claimed that it 
has advantages over the base model but still does not meet the goal. 

As Fig. 9 reports, in general, QV is in the PSS models in 
favorable conditions. However, a 3cm radius meets the view only 
if the distance is 5cm or 20cm. The rest of the models are desirable 
in any radius and distance. Radius is the most substantial factor 

yet again in this simulation. Moreover, it seems that distance is not 
an insignificant factor since, at the distance of 15cm, QV is at the 
lowest value (Fig. A2). 

 
4.3. Interior venetian blinds (Int. VB) 
Figure 10 presents daylight performance for this shading. As Fig. 
10(a) depicts, negative angles are not fruitful in increasing the UDI 
values in the range of 100-2000. However, they are superior to the 
base model. It can be seen from Fig. 10(b) that positive angles are 
in pleasant condition. Considering the positive angles, the longer 

 
Fig. 11. The DA and UDI values are both in a high border range for (a) Int. VB, (b) Ext. VB, and (c) Ext. VB-overhangs. 
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distance to the glass, the greater the DA value (Fig. 10(c)), and the 
shorter distances, the lower the DA value (Fig. 10(d)), whereas 
this situation is reverse for UDI. The slats at +60° and +45° 
significantly reduce DA but increase UDI values. Nevertheless, at 
an angle of +30°, an enhancement of DA values is observed 
compared to positive angles. It is noteworthy that there are cases 
where both the DA and UDI values are within a high and border 
range which has occurred at angles of +30°, +45°, and +60° with 
all depths and specific distances (Fig. 11(a)). Hence, the most 
influential variables are the angle and the distance to glass, 
respectively. However, the slats' depth is not an insignificant 
factor since, at +60° and +45° with a distance of 20cm, the depth 
of 4cm, compared to the other depths, a tangible reduction in DA 
value is perceived. The lowest UDI value is 29.5% at -30°, 20cm 
distance to glass, and 12cm slats' depth, while the highest is 90.1% 
in +45°, 5cm distance, and 4cm depth, respectively. The DA at the 
maximum values is in the negative slats' angle, especially -30°, 
whereas the minimum value is 48.8% at +60° with 5cm away from 
the glass and a depth of 4cm. 

As Fig. 12 reports the number of dates on which the shading can 
control discomfort glare, the correlation is seen between the 
positive angles and the glare reduction (Fig. 12(a)). In contrast, the 
result is reversed for negative angles (Fig. 12(b)). In some cases, 
it is observed that -30° does not include any date, resulting in the 
worst angle for P2. As Fig. 13 displays, it turns out that among the 
positive angles, +60° performs well, while +30° has a poorer 
performance. No cases are detected under the condition where all 
three positions are controlled simultaneously on 18 dates 
synchronously. Although +60° and +45° also perform well for P1, 
neither can prevent glare on 18 dates, and only 17 dates are 
supported for this position in some cases where the angles are +60°. 
If the shading is placed with 12cm slats' depth, +60° angle, and 5 
or 10cm distance to glass, as well as at +45° and 10cm distance to 
glass, P2 could be safe from discomfort glare on 18 dates. 
According to the above results, it seems that the slats' depth is the 
second priority of the influential parameter to reduce glare. As it 
can be interpreted from the Figure, P2 and P3 have better 

 
Fig. 12. The number of dates in which the Interior Venetian Blinds can reduce discomfort glare (DGP<0.35) (a) while positive angles are filtered, (b) while negative 
angles are filtered, and (c) specifications of the shading with DGP <0.35 for each position on most dates. 
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conditions for this shading as it gets rich in negating 
uncomfortable glare on 18 dates. 

It can be perceived from Fig. 13(a) that angle also plays a crucial 
role in view analysis. It is realized that the angle of 60°, neither 
positive nor negative is competent since QV is less than 75%. 
Although a meaningful association between slats' depth and QV is 
not found, the depth parameter is also effective. For the reason that 
the angle of -30° works only with the depth of 8cm in all the 
distances and has acceptable results (Fig. 13(b)). Accordingly, +45° 
only with 12cm depth, -45° with 8cm depth and +30° with 4cm as 
well as 12cm depth have excellent performance. An exception in 
+30°, the distance of 20cm and a depth of 8cm are found, which 
also performs well. Thus, 21 cases can pass the LEED v4. 

 
4.4. Exterior venetian blinds (Ext. VB) 
As Fig. 14 demonstrates, negative slats' angle results for Ext. VB 
in increasing DA values but having low efficiency for UDI values 
(Fig. 14(a)). Among the positive angles, +60° is less effective in 
intensifying DA while playing a substantial role in increasing UDI 
(Fig. 14(b)). However, compared to the previous model, DA 
values increase significantly at +60° and +45°. At the lowest value, 
UDI is 33.3%, where the shading is placed at -30° with 20cm 
distance to glass and 12cm depth, while the highest value is 85% 
at +60° with 10cm distance and 8cm depth. The DA value in the 
worst condition is 58.8% at +60° with a distance of 5cm to glass 
and 4cm depth, whereas the greatest is in the negative angles, in 
particular -30°. As Fig. 14(c) and (d) shows, the significance of 
distance to the glass measurements in daylight performance is 

noticeable, similar to the previous model results. Cases that set the 
daylight performance values at the appropriate level are presented 
in Fig. 11(b), which happens at angles of +30°, +45°, and +60° 
with all depths and particular distances. 

As Fig. 15 clarifies, compared to the previous model, the results 
of the angles aimed at dealing with the glare problem are reversed. 
The positive angles do not perform well in achieving this goal (Fig. 
15(a)). However, negative angles are not adequate to reduce glare 
for 18 dates as much as the Int. VB (Fig. 15(b)). It can be perceived 
from the Figure that -60° and -45° have the best performance, 
whereas the +30° and +45° angles have the worst. 

Due to the maximum date that the shading keeps DGP<0.35 in 
P1, Fig. 15(c) reports 17 dates when the distance to glass is 15cm, 
the depth of slats is 8cm, and the angle of -60° while in P2, 15 
dates resulted where the depth is 4, and the distance is 15cm. The 
shading in P3 can get 15 dates in 4cm depth with 5cm. Therefore, 
P1 is introduced as the ideal position for Ext. VB. Aiming to 
diminish glare, similar to Int. VB, depth also results in a second 
influential parameter. 

Regarding QV assessment, as with the previous shading, the 
lack of proper performance of the 60° angles, whether positive or 
negative, can be realized in Fig. 16(a). On the contrary to Int. VB 
model, the selected cases based on meeting LEED v4, are in 
symmetrical angles but in the same depths Fig. 16(b). The other 
difference is also attributed to the number of cases that satisfy 
LEED v4, in which 20 cases are found in this shading. 

 

 
Fig. 13. (a) QV assessment results and (b) The cases pass the LEED v4 for Interior Venetian Blinds. 
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4.5. Exterior Venetian Blinds integrated with overhangs (Ext. 
VB-overhangs). 
Results verify that similar to Ext. VB, the slats' angle, is introduced 
as the most significant parameter in daylight performance and 
glare reduction. In this case, it also can be stated that the negative 
angles perform well in intensifying DA values, specifically -30° 

(Fig. 17(a)). However, contrary to the previous model, in this 
shading, +60° and +45° diminish DA values sharply while 
increasing UDI very slightly (Fig. 17(b)). Except for the 
mentioned angles, the intensity of the tendency to increase the 
UDI values at all the angles is greater than the Ext. VB, whereas 
the reduction in DA is less noticeable. The lowest UDI values 

 
Fig. 14. Daylight performance analysis results of Exterior Venetian Blinds, (a) while negative angles are filtered, (b) while positive angles are filtered, (c) while 
positive angles and long-distance are filtered, and (d) while positive angles and short distance are filtered. 
 

 
Fig. 15. The number of dates in which the Exterior Venetian Blinds can reduce discomfort glare (DGP<0.35) (a) while positive angles are filtered, (b) while negative 
angles are filtered, and (c) specifications of the shading with DGP <0.35 for each position on most dates. 
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occur at -30°, and the bottommost is 50.7% in 15cm distance with 
4cm depth, whereas the most are 87.1% at +60°, with a distance 
of 20cm and a depth of 8cm, respectively. The lowest DA value is 
assessed at 38.3% in +60°, 12cm slats' depth, and 5cm distance to 
glass, whereas the maximum values are at -30°, -45°, and -60° 
angles, respectively. As Fig. 17(c) and (d) demonstrates, similar to 
previous models, a shorter distance to glass leads to an 
intensification of UDI values and a diminution of DA value, and 
vice versa. Therefore, the results make this parameter more 
substantial. The range in which DA and UDI both are befitting 
includes all +30° besides 45° with all depths and particular 
distances, which can be observed in Fig. 11(c). 

Due to the result drawn from glare analysis, it turns out that 
there are no cases involving 18 dates, as Fig. 18 presents. Similar 
to the previous blinds, the angle of +30° has the worst function, 
especially for P2 (Fig. 18(b)). The significant angle is -60° (Fig. 
18(a)). As Fig. 18(c) reveals, based on the maximum date that each 
position could achieve the goal, P1 is supported on 16 dates, 
whereas P2 is safe on 15 dates in some models with angles of -60° 
and -45°. The poor performance of this shading for P3 is evident 
in the figure as it supports only 13 dates. 

As Fig. 19(a) demonstrates, QV analysis outputs prove that the 
results are consistent with the previous shading, while Ext. VB-
overhangs model is less inclined to be accepted in LEED v4. The 
same models meet LEED. As a result, 20 models are presented in 
Fig. 19(b). 

 
5. Discussion 
The results presented in the previous section show some variances 
between applied shadings to enhance daylight and visual comfort. 
Figures 7, 10, 14, and 17 give information about the number of 

DA and UDI simulation models. Although many studies have been 
carried out on PSS in the background, which claimed that the 
perforation ratio is effective in both energy and daylight 
performance, in addition to confirming this tip relates to daylight 
(Fig. 7), the effect of this parameter in reducing glare has also been 
identified (Fig. 8). As the Figure clarifies, the smaller the radius, 
the better the glare control. There is no sensible correlation 
between the distance to glass neither on glare diminution, nor 
daylight efficiency. Therefore, the most influential factor is the 
radius in glare reduction. Besides, some models can provide the 
quality of view for the occupants depending on the aperture radius 
(Fig. 9). Remarkably, the shade distance to the glass is not a 
worthless parameter for QV. Although the PSS model enjoys 
relatively keeping dynamic daylight performance metrics at a 
proportional level, no results are found to reduce glare into a 
comfortable range on all 18 dates. In the best performance, it 
covers only six dates. Hence it follows that the PSS is practically 
inappropriate aim at glare reduction throughout the year compared 
to different Blinds typologies. 

The previous studies found that the angle and distance of blinds 
to glass play a key role in daylight efficiency. This study affirms 
their findings for all the mentioned types of blinds since the 
practical results are derived from the angle and distance 
classification, while the data are almost the same at all slats' depths 
(Fig. 11). As another reason to prove it, if Figs. 10, 14, and 17 are 
examined, it can be observed that the shortest distance to glass 
leads to the lowest DA, and the most extended distances increase 
DA. Nonetheless, this study goes beyond these results, intended to 
assess glare and the quality of the view. It is revealed that the 
angles and slats' depths are substantial in dealing with glare 
problems, respectively. Although no meaningful relationship is 

 
Fig. 16. (a) QV assessment results and (b) The cases pass the LEED v4 for Exterior Venetian Blinds. 
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observed, discomfort glare decreases at specific depths. In 
addition, it is determined that the angle also affects the quality of 
view, which is a chief factor in visual comfort. Even though no 
noticeable correlation is found between slats' depth and quality of 
view, its effect on QV is undeniable. The results in the blinds are 
very similar, and the only negligible difference is whether the 
shading is external or internal, considering the negative or positive 
angle with the specific depth of the slats to meet the LEED v4. 

Given the background, the comparison of blinds inside and 
outside the building was less compared in terms of visual comfort, 
while in this article, the superiority of Int. VB resulted. Owing to 
the slats' angles' deformation inside and outside (Fig. 3 (b.1), (b.2), 
and (c.1)), it predicted that the results would be reversed for the 
inner and outer blinds. Nonetheless, the results are also dissimilar 
in symmetrical angles, probably due to whether they are external 
or internal. As Figs. 12 and 15 show, positive angles outperform 
the negative in Int. VB, whereas for Ext. VB, positive angles have 

better function than the negative, but not sufficient to achieve the 
glare reduction. It can be affirmed that the performance of Ext. VB, 
according to the respective position, is not as pleasant as Int. VB. 
However, Ext. VB is still beneficial. 

Among the various studied Blinds typologies, there was no 
study on the Ext. VB-overhangs in which it is found that 
overhangs that are integrated with this shading compared to the 
simple model could have little effect on reducing glare risks and 
daylight performance. The results between Ext. VB and Ext. VB-
overhangs are relatively similar. Notwithstanding the 
resemblances between Ext. VB-overhangs and Ext. VB, it can be 
declared that Ext. VB-overhangs underperform Ext. VB. In 
previous studies, the shadings were usually evaluated on one side 
of the building. In contrast, this study concludes that even if the 
shadings are located on all four sides of the building, there is a 
growing tendency for useful daylight to be more within the 
acceptable range. The high potential of blinds performance is also 

 
Fig. 17. Daylight performance analysis results of Exterior Venetian Blinds integrated with overhangs, (a) while negative angles are filtered, (b) while positive angles 
are filtered, (c) while positive angles and long-distance are filtered, and (d) while positive angles and short distance are filtered. 
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revealed with the aim of glare decrement on all four sides of the 
room throughout the year. However, it is found that Int. VB in the 
south and east has a more beneficial effect on glare control, while 
external blinds are more successful in the west because the user is 
safe from glare on more dates in these directions. The 
recommended user positions for each shading are summarized in 
Table A2 in the Appendix. 

Although the shading devices need to be optimized, at this stage 
of the study, it can be stated that some PSS models can probably 
improve the efficiency of useful daylight up to 5.4 times while it 
can only reduce glare by about 33%. In this regard, considering 
the models with the average DA higher than 50%, Int. VB 
improves the useful daylight about six times and eliminates glare 
depending on the angle and the user's field of view. This claim for 

Ext. VB and Ext. VB-overhangs are close to 5.6 and 5.7, 
respectively, and 94% and 88% for glare control. 

To sum up briefly, if only daylight performance is considered, 
the PSS seems to be a reasonable shade. If, in addition to the 
daylight performance, a discomfort glare alleviation is intended, 
Int. VB can be introduced as the supreme shading among the 
studied shadings. In the second and third priority, Ext. VB and Ext. 
VB-overhangs are recommended, respectively. Accordingly, 
since not much difference is observed between the blinds in QV, 
the Int. VB can be preferred in terms of daylight efficiency, 
reduced glare, and the quality of the view. 

Due to the long time-consuming simulation, this study had 
limitations. Given that the angle is introduced as an essential factor, 
more angles could be simulated to determine the exact shading 

 
Fig. 18. The number of dates in which the Exterior Venetian Blinds integrated with overhangs can reduce discomfort glare (DGP<0.35) (a) while positive angles are 
filtered, (b) while negative angles are filtered, and (c) specifications of the shading with DGP <0.35 for each position on most dates. 
 

 
Fig. 19. (a) QV assessment results and (b) The cases pass the LEED v4 for Exterior Venetian Blinds integrated with overhangs. 
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angle to achieve the goals. Moreover, several critical glare 
phenomena may have been missed by the hourly time steps to be 
detected for glare simulation. Besides, to have an ideal reading 
room, the effect of the shadings on the natural ventilation and 
thermal comfort needs to be studied. It is hoped that future studies 
will fill these gaps. 

 
6. Conclusions 
Aligning with the current studies that necessitate daylight 
performance analysis combined with visual comfort, the present 
study proposes improvements considering a reading room in four 
directions openings to deal with glare problems, quality of view, 
and daylight enhancement. Four shading devices were simulated 
to clarify the role of each in increasing daylight performance and 
visual comfort. Except for a 60-min time step throughout the year 
to determine the worst dates and times, about 12312 daylight glare 
simulations, 229 cases for annual daylight metrics, and 229 cases 
for view analysis were evaluated. Insufficient glare mitigation as 
a result of applying the PSS model was found in this study, while 
the propensity to increase daylight performance was evident. 
Perforation radius was the most impressive parameter in achieving 
the goal. Daylight performance in satisfaction ranges was reported 
for the different blinds, and the most serious variables were the 
slats' angle and the distance to the glass, respectively. No 
meaningful relevance was evidenced for blinds' distance to the 
glass to deal with the glare problem, but sensible effectiveness was 
observed for slats' depth. Generally, compared to the base model, 

all the shading devices made the UDI more in the appropriate 
range. Although the DA was lower than the base model, cases 
were still in the acceptable range.  

Regarding enhancing daylight performance for blinds, 
similarities were seen. In terms of diminishing glare, it can be 
concluded that Int. VB outperformed the other devices. 
Concerning Quality of View, it was perceived that there were 
models in PSS and the blinds which pass LEED v4 due to their 
aperture radius and the angle of slats, respectively. Notably, the 
slats' depth was also a significant factor for blinds to achieve view 
access. This study's findings could lead designers to make 
decisions for similar buildings with comparable climate conditions 
and latitudes. 

Nevertheless, it is essential to state that the results were based 
on a limited number of studied variable parameters, which took a 
long time to simulate each case. Other proper, various window-to-
wall ratio ranges, more variable parameters for shading devices, 
various time-steps, external obstructions, and different climatic 
conditions should be investigated. It is believed that these factors 
can be assessed through further studies. There is a need for data 
analysis to be optimized to find out which one resulted in both 
minimizing discomfort glare and maximizing annual daylight 
simultaneously. Therefore, a further step of this research will be 
carried out to optimize the authors' cases in a future study. 
 
Appendix 
 

 
Fig. A1. DGP analysis with 60-min time step throughout the year in four positions. 
 

 
Fig. A2. QV assessment for PSS models. The values above 75% are accepted. 
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