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ARTICLE INFO Extended ABSTRACT
Article History: . ACKGROUND AND OBIJECTIVES: Since the reception of natural lighting in different
Received 2022/07/07 places is different regarding the sun path and the different sky conditions during
Revised 2022/11/19 §the day, season, and year, employing a kinetic facade allows for the adjustment and
Accepted 2023/02/09 enhancement of interior natural lighting levels. The geometric pattern and the movement
Available Online  2023/12/27 i pattern are critical issues in the design of kinetic facades. One of the strategies use in this
ifacade is the control of light entering the space. Another advantage of their efficacy in
Keywords: enhancing the quality of daylight is the improvement in visual quality, particularly in office
Kinetic Pattern iand public areas. Hence, this present study explores natural lighting by employing two
Dynamic Daylight kinetic facades. These facades feature a comparable triangular geometric model but differ
Kinetic Facade {in their non-symmetrical folding and rotating kinetic design on the south wall of an office
Sfﬁc‘lf ‘;U”ding building in Tehran. Consequently, the dissimilarities in kinetic models are compared based
Imulation

ion the utilization of natural lighting, and their similarities are identified and analyzed to
i determine the most suitable option.

.................................................... . ETHODS: To assess natural lighting, the quantitative method and simulation tools
Use your device to scan utilized were Grasshopper and Honeybee Plus plugin version 06, along with Ladybug

and read the article online

iIbt version 1.5.0. Subsequently, the simulation results were scrutinized employing the
gcomparative study method. Initially, the simulation involves defining the geometry of a
iroom with specific dimensions: a width of 4 meters, a length of 6 meters, and a height of
i3 meters, resulting in a total area of 24 square meters, intended for four employees. The
i simulated model is located in Tehran, with no shading obstacles. The facades will open and
close with the position of the sun and the perpendicular vector on the triangular geometric
i model. The simulation is run for three days of the year: the 21st of March (spring equinox),
ithe 21st of June (summer solstice), and the 21st of December (winter solstice) (due to the
similarity of the autumn equinox with the spring equinox, the latter is not considered) and

g iworking hour is from 8 a.m. to 4 p.m.
Q INDINGS: When comparing the facades, it is observed that the folding kinetic model
Number of References i@ presents a potential issue of glare and visual discomfort in the space during the months
54 i of June, March, and April. This concern is particularly notable at 12 noon in both June
iand March, coinciding with low light conditions in the space. However, the facade with a
rotating kinetic model is only faced with the issue of insufficient light in the space. In order
i to address these issues, various parameters have been modified. To enhance UDI (Useful
Number of Figures i Daylight Illuminance) indices with a rotational kinetic model, adjustments were made
8 ito ASE (Annual Sunlight Exposure), sDA (Spatial Daylight Autonomy), and UDI indicators

with a folding motion model. Variable parameters included alterations in facade size,
modifications to the visual transmission coefficient of glass, adjustments to the reflection
i coefficient of interior walls (ceiling and wall), and changes in the angle or degree of
Number of Tables i openness for these indicators.

6 ONCLUSION: In conclusion, it can be said that a kinetic facade with a triangular
i geometric pattern and asynchronous motion patterns exhibit different performances ia
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Extended ABSTRACT

?response to natural lighting, considering daylight performance indicators. The facade with
i arotating pattern demonstrates a notable impact on the UDI (Useful Daylight llluminance)
i daylight indicator, and this effect can be mitigated by adjusting the angle. However, in the
i kinetic facade, the fluctuation of ASE (Annual Sunlight Exposure) and UDI (Useful Daylight
i llluminance) indicators is less influenced. This is attributed not only to the shifting position
of the sun in relation to the facade but also to the simultaneous necessity of altering both
i the extent of the facade opening and the reflection coefficient of the window and glass. The
i response of both facades, influenced by the variable parameters, places greater emphasis
i on the degree of facade opening and its correlation with the sun’s position, rather than
on the reflection coefficient of the surfaces and the visual transmission coefficient of the
i glass. Finally, the rotational motion pattern performs better in response to natural lighting.

{ HIGHLIGHTS:

i - Explain the kinetic facade and its effect on natural lighting.

i - The effect of the kinematic and geometric model of the kinetic facade on the natural
{ lighting in the office building in Tehran.

- The effect of optical and thermal properties on natural lighting analysis.
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Table 1. Controllers in Kinetic facade

Embedded Description
Computation
Trends in Active Control Research: Active control is the most applied research in the design of intelligent systems, which
Embedded focuses on structural behaviors dependent on variable demand. Changes in buildings may include: wind load, seismic
Computation conditions, light, temperature and live mechanical load. Active control systems are defined as structures that are
influenced by an active external force to change the response (Fox, 2009).
Adaptive control: Adaptive control system is a computer-controlled automation whereby an architectural control
system is programmed by observing user needs and changing environmental conditions. These systems have the
ability to learn (Fox, 2009).
Home automation systems: There are systems that focus on changes in human action, adaptation to the way of using
the architectural space and response to their behaviors. Home automation systems have become affordable enough to
reach a mainstream audience (Mohamed Abd El-Hady Fouad, 2012).
The level of the Singly variable-man control: Single-variable individual control was the first instance of human development and
control instrument expansion (Zuk, 1970). This group of machines was designed to perform a repetitive operation.
mechanism of Acceleration and slowdown, which also controlled the start and stop of these machines by humans.
machines

Multivariable-man control: This group of machines is more developed than univariate control and has the ability to
perform multiple tasks simultaneously, but are still controlled by humans.

Multivariable automatic control: These machines are different from full control or multivariable control. sensors are
essential in this category of machines, they help in identifying tangible and intangible factors of these machines such
as: speed, acceleration, light, heat, pressure, sound, weight, voltage, magnetism, length and size (Moloney, 2011).

Multivariable heuristic control: This group of machines is not only multivariate and automatic, but also has the
exploratory ability to learn. These types of machines are known as robot machines (Zuk, 1970).

Types of space
controllers

Internal Control: Systems such as the ability to rotate and slide motion and the ability to move according to their
structure are considered internal control that includes mechanical movement along the construction path. Such
systems do not include any type of control device or mechanism (Moutiris, 2011).

Direct Control: In this type of control, the change of information directly becomes the result. Direct control involves
exchanging information that is usually in "on" or "off" mode.

In-Direct Control: This type of change control includes a decision-making level embedded in the system itself. In
indirect control systems, there is a sensor to detect change and then send messages to the control device, which
transmits an on/off operating order to an energy source to stimulate movement (Fox & p.yeh, 2012).

Responsive In-Direct Control: The control device receives input information from multiple sensors and then makes an
optimal decision to send to the energy source to stimulate movement for a single object (Fox & p.yeh, 2012).

Ubiquitous Responsive In-Direct Control: This system depends on a large number of sensors and motors (actuators)
that act as a whole network for mobility.

Heuristic Responsive In-Direct Control: Such a system can use the information gathered to respond accurately to
changing weather patterns while learning, the most effective response for individual parts of the system it is made up
of (Mohamed Abd El-Hady Fouad, 2012).
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Roof reflection 80%
Wall reflection 50%
Floor reflection 20%
Glass visual transmission coefficient 95%
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Table 4. Comparison of the findings of folding and rotating kinematic models

Folding kinematic model

Months Time Metric
DA UDI UDI more UDI less sDA ASE
June 9 100 % 85.87 % 93.49 % 96.34 % 70 %
16 100 % 83.83 % 9273 % 97.75 % 71.66 %
March 9 100 % 82.52 % 94.19 % 98.53 % 70 %
12 99.63 % 81.89 % 75.61 %
16 100 % 83.99 % 92.46 % 93.93 % 71.66 %
December 9 100 % 84.77 % 95.66 % 85.24 % 95 %
12 99.58% 82.89 % 68.45 % 98.06 % 65 % 10%
16 100 % 85.19 % 96.44 % 81.95 % 98.33 %
Rotary kinematic model
Months Time Metric
DA UDI UDI more UDI less sDA ASE
June 9 99.48 % 84.96 % 75.14 % _ 7833 % %10
12 98.80 % 81.27 % 47.36 % _ 61.66 % 8.33%
16 99.01 % 86.87 % 60.54 % 95.55 % 75 % 8.33 %
March 9 99.48 % 84.25 % 71.17 % _ 7333 % 8.33 %
12 98.33 % 81.21 % 44.01 % _ 60 % 6.66 %
16 99.32 % 81.21 % 63.68 % 99.27 % 70 % 8.33 %
December 9 99.48 % 85.77 % 82.68 % 90.27 % 98.33 % 8.33 %
12 99.27 % 86.55 % 56.20 % _ 68.33 % 333 %
16 99.69 % 86.71 % 87.81 % 88.33 % 100 % 10 %
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Table 5. Variable parameters

Parameter

Resize the facade triangular model

Sun radiation

Change its angle or degree of openness

Change the visual transmission coefficient of glass

Changing the reflection coefficient of interior walls
(ceiling, wall)

Parameter Code

Description
A From 0.5 to 0.8 m
B B1 Closed in contact with facade
B2 Opens in contact with facade
C C1 Fully Closed - Fully Open

C2 Fully closed - half open
C3 Half closed - half open

D 80% to 100%

F Wall 50% to 70%
Ceiling from 80% to 90%

Table 6. The Impact of Solutions on the Basic Model

Facade Metric Basic Model Problem Parameters Metric Parameter Results
Cupra wall UDI less Low light (100% in June and March) C3-B1-D-F UDI less 64%-78%
Albahr Tower ASE l6percent at 12:00 June C2-C1-B2-Bl ASE 8%-6%
UDI less Low light (12:00 o'clock in June and C1-B2-Bl UDI less 88%-78%
March 100%)
sDA 12:00 June and March 48 to 56% F-D sDA 90%

DGP =0.30  ASE=%16/66

Fig. 7. DGP on the right in candela and the left in terms of luminescence
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