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DIGITAL FRAMEWORK TO OPTIMIZE VISUAL COMFORT USING KINETIC FACADES

Abstract

Visual comfort is one of many aspects of human comfort that should be considered in architectural
spaces. Visual comfort is an architectural necessity and could be achieved and optimized in spaces
through controlling facades’ opening. This could be achieved by applying kinetic facades, which is one of
the trends in the field of responsive architecture. However, the research’ s aim is optimizing visual comfort
using kinetic facades in educational spaces. This optimization will improve the environmental quality
of the educational space. In this research architects will achieve easily more effective kinetic facades
to have better visual comfort by enhancing daylight quantity and quality using luminous environmental
parameters’ measurement tool. In this research a series of scripts will be applied on various kinetic
facades’ alternatives. These scripts will be based on a relation between different daylight and kinetic
parameters. Thus, the outcome is to develop an Add-on, as a digital plugin, that will be presented through
a friendly Graphical User Interface (GUI).
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Visual comfort, daylight, educational spaces, kinetic facades, Add-on.
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ABSTRACT

Visual comfort is one of many aspects of human comfort that should be considered in architectural
spaces. Visual comfort is an architectural necessity and could be achieved and optimized in spaces
through controlling facades’ opening. This could be achieved by applying kinetic facades, which is
one of the trends in the field of responsive architecture. However, the research’ s aim is optimizing
visual comfort using kinetic facades in educational spaces. This optimization will improve the
environmental quality of the educational space. In this research architects will achieve easily more
effective kinetic facades to have better visual comfort by enhancing daylight quantity and quality
using luminous environmental parameters’ measurement tool. In this research a series of scripts will
be applied on various kinetic facades’ alternatives. These scripts will be based on a relation between
different daylight and kinetic parameters. Thus, the outcome is to develop an Add-on, as a digital
plugin, that will be presented through a friendly Graphical User Interface (GUI).

Key words: Visual comfort, daylight, educational spaces, kinetic facades, Add-on.
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1. INTRODUCTION

Achieving comfort in a space is related to physical environments, in addition to
psychological issues, mood and social factors (Kamholz & Storer, 2009). Visual, audio, thermal
and hygienic are all factors that could affect the human comfort in a space. This research will
tackle just visual factor.

Optimizing visual comfort is considered an important factor in human comfort, by using
stained glass, blinders and various types of shading devices, which were manually controlled. In
addition, kinetic architecture especially kinetic facades have been emerged through the past decade
in the field of architecture and visual comfort (Al Horr et al., 2016). Thus, this research focuses
on achieving visual comfort in educational spaces, especially in universities library

The research problem is that various software can do environmental simulation to achieve
visual comfort in a space. Few of them can simulate kinetic facades at different situation. Thus,
the aim of this research is to create and evaluate an Add-on software to enhance a digital tool, to
facilitate the simulation and optimization process for architects, when using kinetic facades which
in turn will optimize visual comfort through a Graphical User Interface.

The research methodology will start by doing a literature review about visual comfort and
kinetic parameters in educational spaces focusing on illuminance and glare, then exploring
ladybug and honeybee as digital environmental tools. Proposing and Add-on that can be
universally applied and used, the next step is verifying and evaluating the developed Add-on and
applying it at BAU university library, in Tripoli campus, as a case study. The last step is enhancing
the (GUI) of the proposed Add-on after evaluation.

2. DAYLIGHT AND KINETICS SYSTEM IN UNIVERSITIES LIBRARY

Lighting can reinforce action and perception, according to the illumination Engineering
Society of North America (IES). Productivity, human health and energy efficiency are all affected
by daylight (EI-Dabaa, 2016).

e Energy efficiency: more efficient daylight reduces the need for artificial light, resulting in lower
energy consumption.

e Functional efficiency: sufficient lighting improves spatial and functional efficiency of space,
not only in the direct use such as writing but also in term of revealing color and form that
promote functional efficiency.

e Human productivity and health: According to Tomassoni adjusting daylight amount in a
location improves user mood and productivity. Because psychological well-being, body
temperature and brain activity are all influenced by the light in a certain architectural context,
studies reveal that those who work at night have a significantly higher negative mood that those
work during the day (Tomassoni et al., 2015). If the daylight amount is insufficient, their
neutral system may be disrupted, leading to a feeling of exhaustion.

The European Norms (EN) set the universal standards for light planning in indoor work
environments, which were adopted by the European Committee for Standardization (CEN). These
guidelines aid in achieving human visual comfort in a variety of settings and functions (EN, 2011).
Sufficient lighting is required for both quantitative and qualitative components of comfortable
daylight.

As a result, the research focuses primarily on the visual comfort category, which comprises
numerous characteristics for establishing the luminous environment, such as luminance and glare,
which are further investigated.

2.1. Luminous Environment Parameters

The primary elements affecting daylight and artificial light, such as illuminance, glare,
luminance distribution, directionality of light, variability of light, flicker, color rendering, and
color appearance of the light, determine the luminous environment (EN,2011).

https://digitalcommons.bau.edu.lb/apj/vol28/iss3/13
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It is remarkable that glare and illuminance are two of the most important parameters
for having comfortable daylight and sufficient daylight quantity and quality, according to
European Standards (EN). Thus, the two parameters considered in all of the research are
illuminance and glare.

e Glare

When bright spots develop in the visual field, glare occurs. Glare that is distracting
might lead to accidents and tiredness. As a result, various criteria must be considered in order
to minimize unacceptable glare, such as Daylight Glare Probability (DGP), a method that
considers both "illuminance at eye level and individual glare sources of high brightness to
predict the fraction of unsatisfied persons” (EN,2011). DGP is divided into four categories:
not perceived glare, perceived but not disturbing glare, disturbing glare, and intolerable glare.
The first two are deemed suitable, while the final two are considered unsuitable.

e [llumination

Illuminance has an impact on people's visual comfort and how quickly they perceive
visual activities. The European Standards established illuminance values based on the type of
work environment and requirements for performance and comfort (EN, 2011). llluminance
levels should be higher than or comparable to those specified in European standards.
Illuminance values should be calculated at particular spots, which should be produced using
a grid system with equal sides. The ratio of length to breadth varies between 0.5 and 2. In
addition, the number of grid points and the distances between them should be provided based
on EN standards from 2011.

2.2. Kinetic Facade & Importance

The layer located between inside and outside a building is called building envelope,
which could be static or dynamic. Blinders or shadings located on a building facade could be
kinetic, which mean the movement, while kinetic architecture mean the building design
produced by a movement. In addition, Kinetic architecture is one of the most significant trends
in architecture, since it is a revolution from static to dynamic (Al Horr et al.,2016). From
1970 to the present, many researchers have discussed kinetic architecture, including Zuc and
Clark in 1970, Michael A. Fox in 2003, Chuck Hberman in 2005, Robert Kronenburg in 2007,
Kostas Terzidis in 2008, and others (Barozzi, 2016). Furthermore, Kostas Terzidis suggested
in 2008 that adding motion to a building is vital since it affects the design, aesthetic, and
performance of the structure. As a result, kinetic architecture is more than simply about
moving buildings; it's also about bridging the gap between nature and the built environment
in terms of environmental variability.

Furthermore, depending on the system's function, kinetic architecture takes on several
forms (Rossi et al., 2012). It could, for example, be used on building facades, building
structures, and landscapes, among other things. The research will target kinetic facades that
could be controlled automatically in response to outdoor environmental changes such as
daylight. Kinetic facades could be found in many examples in the world, such as Abu Dhabi
Investment Council HD in Abu Dhabi, Kiefer Technic Showroom in Austria, the University
of Southern Denmark (ADU), Arab World Institute in Paris, and other.

3. DAYLIGHT SIMULATION PLUGINS (LADYBUG AND HONEYBEE)

For environmental simulation, various simulation plugins have been utilized; however, this
study uses the ladybug and honeybee plugins in grasshopper3D for Rhino since they are validated
and built on validated energy and daylighting engines, EnergyPlus, Radiance, and Daysim
(Sadeghipour Roudsari and Pak, 2013). Python, one of the most powerful programming languages,
is used to script Ladybug and Honeybee (Ladybug Tools | Ladybug™, 2020). Ladybug allows users
to import standard EnergyPlus Weather files (EPW) into Grasshopper, as well as other diagrams
and studies such as sun path, radiation rose, wind rose, shadows studies, view studies, and others.

Published by Digital Commons @ BAU, 2023
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Following an examination of the existing plugins, the following features have been
identified as having the potential to provide better, more flexible, and user-friendly performance
that will eventually answer to research objectives:

o Kinetic simulation automation: present plugins waste a lot of time because when architects
simulate dynamic yearly shading, they have to work under certain constraints: each instance
must be done independently and continuously by the user. As a result, it is necessary to simulate
diverse kinetic scenarios automatically over time.

e Adding a time range: the simulation given by the existing plugin is only for a fixed time
annually. As a result, a long-time range is required to automatically replicate different periods
of time throughout the year.

e Qutput graphical interface: the existing plugins only include graphs for static shading cases as
outputs, but no graphs for kinetic shading situations, such as graphs for shadings at different
angles.

e Multi-task simulation: Furthermore, the present plugin only works with one simulation type,
such as illuminance; it is not feasible to mix different simulation types, such as glare and
illuminance, at the same time.

4. PROPOSED ADD-ON’S FRAMEWORK

A new Add-on’s framework is proposed aiming address the mentioned four points in order
to enable automatic daylight simulation for kinetic facades by determining the best kinetic shading
mechanism for achieving optimal daylight in areas at various angles and times, as well as glare
and illuminance simulation. The proposed Add-on structure is illustrated in the following graph,
that includes the Add-on’s steps and codes.

As illustrated in Figures 1 and 2, the proposed Add-on is split into three primary phases:

first, input phase (fixed and variable parameters), second, optimization phase, and third, output
phase.

4.1. Input Phase

To start any simulation, inputs are needed. In the proposed Add-on, there are fixed and
variables inputs. Each one is divided to various sub-inputs as follows.

Three types of fixed inputs parameters are supposed to exit, which are:

e Environmental parameters: containing the orientation of the building and the weather
file that is required to collect hourly solar radiation for a specific area.
e Architectural space parameters: containing all simulated space data, such as room size,
dimensions, proportion, area, opening ration and opening placement.
o Kinetic parameters: containing the related data to kinetic units, such as speed, geometry
and weight
Furthermore, the variable inputs are split into two categories:

e Kinetic parameters: these include rotation, open and shut, and other kinetic shading
motion parameters.

e Time/date parameters: simulation period includes hours, days, and months throughout
the year.

https://digitalcommons.bau.edu.lb/apj/vol28/iss3/13
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Fig.1: Diagrams shows the general Add-on framework divided into three main phases
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Fig.2: Diagram that shows the detailed Add-on framework including inputs, operation and outputs
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4.2. Optimization Phase

The optimization phase, which includes both illuminance and glare simulations, is
illustrated in Figure 3. Each operates differently in order to achieve the best results over a
period of time. The automation date/timing range was built using an automated script, so
the user does not have to constantly update the simulation time and date. The optimization
goes via an automated optimization loop towards two primary checking gates to achieve
optimum visual comfort and daylight. The first gate verifies that the illuminance values are
within the intended range, while the second verifies that the glare inside the DGP range is
appropriate. The findings of both gates will then be compared, and the final optimization
results will be checked. The outputs will be displayed in the next phase if the results were
optimal, but if they were not, the user must modify the Kinetic shading models' variables
and simulate again.

4.3. OUTPUT PHASE
Following the optimization process, the output should look like this:

¢ Values for both glare and illuminance at the same time in Grasshopper 3D.

¢ llluminance and glare values on an Excel sheet and table.

¢ Kinetic shading mechanism schedule in an excel table for each of the optimum scenarios'
individual simulation time and date.

o Excel graphs for the best kinetic shading mechanism for visual comfort and optimal
daylight at a given moment.

¢ |dentifying the best scenarios for each simulation (in text).

o All simulated cases in defined scenarios are saved as TIF and JPG files in external
archives.

LINPUTS 2.0PTIMIZATION 3.0UTPUTS

Fig.3: Add-on plugin phases using ladybug and honeybee in Grasshopper for Rhino
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Different programming languages can be used to construct a script; python is the

programming language used in this research. To construct this add-on, various scripts are
written inside the Grasshopper3D software environment, each script serving a specific
role, as shown in Figure 3. The following is a list of the seven written scripts:

1.

Script 1 contains simulation type, which seeks to select the simulation type by
including a check list for several types of simulations to run, such as illuminance, glare
simulation, and both will perform the simulation, while when it is set to false, the
simulation will stop

Script 2 displays the angel values, which allow the user to choose the angles that will
be used in the simulation. The second script's inputs are a list of angle values that can
be checked or inserted by users, with the output being the selected or written angels
that will be utilized in the simulation.

Script 3 is the animation slider value is used to calculate the value of a series of
simulations run for various inputs such as angles and time. A list of months, days,
hours, and angels are entered as inputs.

Script 4 is about date and angels, which aims to identify the required period of time
and the angels' values for the simulation, including a list hours, days and month, and
angels' values, which are inserted into the X, y, z, and v variables inputs, as well as the
animation slider value, which is implanted into the u variable input for activating the
simulation.

Script 5 displays the illuminance target value, which is used to specify the illuminance
value required in a certain area.

Script 6 is the illuminance condition, which is the procedure for determining whether
or not the amount of illuminance is sufficient.

Script 7 offers optimization conditions that aid in determining the sequence in which
the simulation logic should go in order to achieve the best kinetic shadings situation in
a given amount of time. The condition for both illuminance and glare to provide
optimum visual comfort in a certain function and location is included in this script.

5. ADD-ON GRAPHICAL USER INTERFACE (GUI)

As illustrated in Figures 4 and 5, all the components utilized in this Add-on have been
clustered and combined to make the GUI more user-friendly. As a result, nine components have
been replaced by 51 components as a final GUI:

Component 1: simulation inputs is used to collect all simulation inputs, such as the kinetic

shading system, geometrical space components, weather file, and simulation
period.

Component 2: illuminance simulation, which is used to simulate illuminance.

Component 3: glare simulation, which is used to carry out the glare simulation.

Component 4: simulation type, which is used to turn on or off the simulation.

Component 5: list value for choosing between illuminance, glare, or both types of simulation.
Component 6: function type, which allows you to choose between different space functions such

as library, classroom, and so on.

Component 7: optimization tags, which are used to define the best results by demonstrating

simulation values.

Component 8: create cases for automating the simulation for a variety of kinetic situations in a

row.

External excel sheet data (component 9) is used to keep a record of all simulation results.

https://digitalcommons.bau.edu.lb/apj/vol28/iss3/13
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Script 6: llluminance
condition 1

Script 7: Optimization
condition 2

Script 5: llluminance

Fig.4: Six scripts created in the proposed add-on
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5.1. Proposed Add-On Application

Many people spend the majority of their time in educational settings. Natural lighting
is vital for students' wellbeing and mental health; hence it should be considered while
increasing their visual task performance. However, it may be unsuitable in areas where glare
is noticeable. As a result, there is a requirement for users, particularly students, to have a
suitable amount of natural daylight while practicing their visual skills in a pleasant and
relaxing atmosphere (Bakri, 2014).

In university libraries, daylighting has a significant impact on users' perceptions,
satisfaction, and behavior. Libraries are regarded an important element of university, where
there is a strong emphasis on self-learning, with the library playing a vital role in providing
students with access to information, documentation, and data references, among other things.
Furthermore, the library's architecture and daylighting may increase usage and encourage
students to use it during their free time rather than only during exams.

An application is need it to be applied on educational space to verify and test the
proposed Add-on. Thus, the selected space is the library of BAU University, located in
Tripoli, North Lebanon, as shown in Figure 6 and 7.

-

Library space

Fig.6: Library location in BAU University
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Fig.7: Table location (task area) inside the library

A Kinetic shading system was implemented as a simulation on the library's windows
using Grasshopper for Rhino software, as indicated in table 1. The simulation method begins
by inserting variables and fixed inputs, such as kinetic units' geometry, mechanism, space,
and opening dimensions, and so on, in order to have a better control over the shade. The goal
illuminance value is automatically adjusted to 500 lux after selecting the function for the
examined space, in our case the library. Then choosing dates, such as months, days, and
hours. Additionally, choosing the angles of the mechanism that will change during the kinetic
shading simulation. As a result, rather than simulating each case individually, all cases at
various dates and angles will be simulated automatically. After all of the inputs have been
entered, the optimization process will begin with illuminance and glare simulations. Under
an overcast sky, illuminance and glare must be calculated. A 0.5*0.5m grid is used, and a
working space of 0.85m is supplied.

Table 1 The three kinetic shading types used in the research

Kinetic shading Kinetic shading Kinetic shading
Case number units on library’s windows

—

Case 3
Square

Evaluating the Suggested Add-On’s Performance

The proposed Add-on could be utilized for the entire year, 12 months, but three months
were chosen to test its performance in different seasons and reduce simulation time. The three
months chosen are June, which has the longest day of the year, known as Summer Solstice,
December, which has the shortest day of the year, known as Winter Solstice, and March,
which has day and night lengths that are equal, known as Vernal Equinox, and is very similar
to September, which is known as Autumnal Equinox. Three days were chosen from each
month, 20, 21, and 22, as they reflect daylight length critical points (weather.gov, 2020). Case
3: The Add-on was used at three different times during the working day. Using case 3, the
Add-on was applied to three different angles (30, 45, and 60) during working hours
(10:00AM, 13:00PM, and 16:00PM), resulting in DPG and illuminance values, as shown in
Figures 8and 9. Illuminance and DPG values are automatically calculated and saved
externally for each example during the simulation process, both numerically and graphically.
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Fig.8: 81 DPG results values after doing glare simulation using the proposed Add-on at three
different months, time, and angles for case 3
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Fig.9: 81 Illuminance values as results after doing glare simulation using the proposed Add-on at
three different months, time and angles for case 3
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5.3. Results After Add-On Application

This application has emphasized the optimum glare and illuminance conditions. This
allows the user to check angles in terms of efficiency and visual comfort not only in the
graphical interface, but also quantitatively in an external excel sheet for all values,
highlighting the best scenarios, as shown in table 2. The user can now specify the ideal
mechanism of the kinetic units based on these optimum outcomes at various simulated dates.

Table 2: shows excel sheet as output after glare and illuminance simulation during three
months, using the proposed Add-on and highlighting the optimum results

1 pallUB iRt LY no visual comfort
20 MAR 10:00at angie:45, N LR IRGT (00
PO RSBV LR EIETT AR no visual comfort
P OEUSE RTINS0 Y no visual comfort
PR EUS ER G ETET LY no visual comfort
PR EUBEREIETEUIET) no visual comfort
PO EUS TR ETENT RSO no visual comfort
P EUS ERGEIE NS no visual comfort

RN R R SR

3 EaRL LBt r il L Ul no visual comfort
PARUBEENIRTE NS no visual comfort

21 MAR 16:00at angle:30, L URTEATE IR T 174

‘i.7_ AR LS TR ETEY R LY no visual comfort

2 b2 NPUSLEIEIETT S LY no visual comfort
Py NELS UEVEIE TN no visual comfort

PP R T ) no visual comfort

2R EUSERLETENTES LY no visual comfort

<

0.099251

0.206883

0.215862

-,

0.154906

0210017}

0.224101

0.176012

0O 00000 0o

PARLEUB LR IR TS0 no visual comfort

0.211465

0.079326]

Pa RN EUS UERETEVSER LY no visual comfort

SN BEE BB

0.204766

0.185508|

0.217262|

0.212512]

0.087958

0.20728

0.180517

0.214938)

I 22 MAR 16:00at angle:30 I

P B e O no visual comfort

: -3 20 JUN 10:00at angle:AS) URTHTETRG] {14

OB B ER I RIET RIS LR no visual comfort

32 POBILBEEL VLS SR no visual comfort
33 3 -

34 pRUUBEE S TR LR no visual comfort

0.088343}

0.205419|

0.184939}

10.22013
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ﬁ FIR U TR TR SRR no visual comfort

38 PIRRLE SRR Y no visual comfort | 0.205407)

0 PIB LRI R no visua! comfort T 0.192676]
FANL TR R R LYY no visual comfort 0220812

RISt Y oo et comton [ Daedsssl
TIPS =E T no visual comfort f
FPRL BT T ) o visual comfort p208715]

23T TREEER Y no visual comfort
ESR TR LR SIRI TN no visual comfort | 0.221116]

e o isuai comror | 0.256093]

20 DEC 10:00at angle:304
20 DEC 10:00at angle45.4
20 DEC 10:00at angle:60.1
20 DEC 13:00at angle:30.1
20 DEC 13:00a1 angle:45.)
20 DEC 13:00a1 angle:60.4
20 DEC 16:00at angle:30.|
20 DEC 16:00at angle:aS.|
20 DEC 16:00at angle:60.
21 DEC 10:00a1 angle-304
21 DEC 10:00at angle:45.)
21 DEC 10:00at angle:604
21 DEC 13:00ut anghe:30.4
21 DEC 13:000t anghe245/
21 DEC 12:00a1 angle:60.
21 DEC 16000t angle:304
21 DEC 16:00at angleaS)
21 DEC 16:00a1 anghe60.4
22 DEC 10:000t angles 304
22 DEC 10:00at angle:ds |
22 DEC 10:00at angle:60.4
22 DEC 13:00at anglez304
22 DEC 13:0001 anglezdS 4
22 DEC 13:00at angle:60.|
22 DEC 16:00at anglez30.
22 DEC 16:000t anglie:A5 4
22 DEC 16:00at1 angles604

BLEUANPURL2B8EE88E 8

o
-

2gFIdFdAFTINTIsEIESLRER

no visual comfort
no visual comfort
no visual comfort
no visual comfort
no visual comfort
no visual comfort
no visual comfort
no visual comfort
no visual comfort
no visual comfort
no visual comfort
no visual comfort
no visual comfort
no visual comfort
no visual comfort
no visual comfort
no visual comfort
no visual comfort
no visual comfort
no visual comfort
no visual comfort
no visual comfort
no visual comfort
no visual comfort
no visual comfort
no visual comfort
no visual comfort

00 0000000000000 O0DO0O0DOCO0ODO0ODO0OCO0OO0OO0OO0OO

After the simulation, the following graphs and charts are provided as graphical outputs:

e Optimum outcomes chart: in case 3, out of 81 states, there are 20 optimum states, as
shown in Figure 10.

o Glare graph: this graph represents all the DPG values for the 81 states in relation to
optimal values, as displayed in Figure 11.

¢ Illuminance graphs: that represents the illuminance values for 81 states for specified
dates, times, and angles, as illustrated in Figure 12.
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Fig.10: Chart for the optimum solutions after illuminance and glare
simulations during three months, using the proposed Add-on
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Fig.11: Chart for the glare values (DPD) after simulations during three
months, using the proposed Add-on
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Fig.12: Chart for the illuminance values after simulations during three
months, using the proposed Add-on
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CONCLUSION AND RECOMMENDATION

As a conclusion, after testing and verifying the proposed Add-on, new values are obtained
when using this Add-on which are the following:

e A clear representation of optimum values of kinetic shading parameters connected to both
illuminance and glare, using graphs, charts, and data sheets, where the glare range is increased
from inappropriate to suitable by a percentage ranging from 51 percent to 76 percent.

The ability to do parallel comparisons between multiple situations at the same time.

o A user-friendly Graphical User Interface (GUI) that was created for all designers from various
background.

o For the proposed kinetic shading, several simulations run automatically, and both illuminance
and glare simulations can run in simultaneously. With many simulations running in succession
at different dates, hours, and kinetic unit mechanisms, simulation time is nearly half that of the
present plugin.

o All simulation results are preserved in external files, both graphically and mathematically, so
users can review any case outcomes at any time.

o The created Add-on can be generally applicable to be used not only in educational spaces, but
also in various other typologies

This research has indicated the need for additional development in future study by achieving
its goals to a considerable extent:

o Extend the use of the proposed Add-on to other types of functions besides educational areas.

e Expanding the Add-onto include all forms of kinetic systems, not simply the rotating
mechanism.

e Expanding the Add-on to accommodate more visual comfort characteristics besides glare and
illuminance.
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