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Abstract
Many recent studies in the field of the kinetic façade developed the grid-based modular forms through primary kinetic movements which
are restricted in the simple shapes. However, learning from biological analogies reveals that plants and trees provide adjustable
daylighting strategies by means of multilayered and curvature morphological changes. This research builds on a relevant literature study,
observation, biomimicry morphological approach (top-down), and parametric daylighting simulation to develop a multilayered
biomimetic kinetic façade form, inspired by tree morphology to improve occupants’ daylight performance. The first part of the research
uses a literature review to explore how biomimicry influences the kinetic façade’s functions. Then, the study applies the biomimicry
morphological approach to extract the formal strategies of tress due to dynamic daylight. Concerning functional convergence, the
biomimicry principles are translated to the kinetic façade form configuration and movements. The extracted forms and movements are
translated into the design solutions for the kinetic façade resulting in the flexible form by using intersected-multilayered skin and kinetic
vectors with curvature movements. The comprehensive annual climate-based metrics and luminance-based metric simulation (625
alternatives) confirm the high performance of the bio-inspired complex kinetic façade for improving occupants’ daylight performance
and preventing visual discomfort in comparison with the simple plain window as the base case. The kinetic façade provides daylight
performance improvement, especially the best case achieves spatial Daylight Autonomy, Useful Daylight Illuminance, and Exceed
Useful Daylight Illuminance of 50.6, 85.5, 7.55 respectively.
© 2021 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
The architectural form of the façade determines its identity as well
as interactions with users and micro-climate forces of the ambient
environment such as solar radiation [1,2]. An optimal building
form significantly affects the amount of useful daylight that is
admitted in the interior space [1]. However, the dynamic
characteristics of the sun, such as direction and intensity of
illumination, has given rise to apply various strategies, including
fixed or movable solar geometric systems, for controlling and
filtering daylight [3,4]. Since the intensity of incident solar
radiation considerably depends on the angle of the receiving
surface with the respect to sun directions [5], buildings’ façades
play an important role in providing adequate useful daylight in the
interior space. Thus, finding an optimal form turned to be a
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transitory process in the early decision-making stages of the
design based on the dynamic inherent of daylight. Since the
comfort concept has been evolved in the course of time, a notion
of changing façade configuration over time is an approach to
improve visual comfort [4]. For example, Al Bahar Towers [6] and
Helio Trace Centre of Architecture [7] are responsive facades that
provide daylight performance, visual comfort by controlling solar
heat gain and reducing glare through three-dimensional shape
change façade (Fig. 1).
Daylighting guide systems are usually categorized into the side
and roof lighting systems, due to building element types that
allowing natural light entrance. However, being static or dynamic
(kinetic) in façade components is a new approach for classifying
these systems [8]. The static status of the systems benefits from
specific forms, geometries of elements, and following hierarchical
steps to receive useful daylight in the interior space. Nevertheless,
the kinetic phase applies dynamic, complex fenestration, and
human-in-loop systems [4,8,9]. The kinetic façades, as non-
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Fig. 1. (a) Al Bahr Towers kinetic- Hexagonal components and (b) Helio Trace
Centre of Architecture kinetic diagonal movements.

(a)

conventional systems such as biomimetic facades, can change
their configuration by moving in space and taking on different
structures over time [10,11]. For example, the interactive kinetic
façade developed by Hosseini et al (2020) [12] presents a real-time
daylight control triggered by sun timing and occupant’s positions.
Since the kinetic façade concept has been identified by nature,
technology, and architecture [13], nature is a precious resource for
the abstraction of effective design to produce sustainable solutions.
Biomimicry is defined by Janine [14] as ‘‘the new science that
studies nature’s models and imitating these designs to solve
human problems”.
Movement and material [15] are the influential topics of
biomimicry that provide many technical solutions for architectural
projects especially about morphology and form which are
interrelated with kinetic façades. Movement principles have been
frequently extracted from nature and implemented into technical
solutions. Responsive buildings benefit from different movement
topics comprising kinetic movements, release mechanisms, and
structural configuration [16]. Emerging biomechanical systems in
the building industry provide an opportunity to be adapting to
different climatic conditions [17]. For example, the concept of
elastic deformation of the kinetic system in the Strelitzia Reginae
flower inspired the kinetic façade of the Thematic pavilion at Expo
2012 in Yeosu. The Kinetic façade was designed to control
daylight and demonstrate the aesthetic aspects of the responsive
envelope [18,19]. Likewise, Kinetic movements of the Magnolia
flower were applied to the dynamic-retractable roof of Shanghai
Qizhang Forest Sports City Centre (Fig. 2) [20].
Numerous varied movable components in nature, including that
of plants, animals, and humans provide adaptability by several

(b)

Fig. 2. (a) Thematic pavilion with kinematic facade at Expo 2012 in Yeosu Korea and (b) Shanghai Qizhang Forest Sports City Centre with dynamic retractable roof in
Minhang District of Shanghai in China [4].
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Fig. 3. Kinetic design strategy procedure through biomimicry functional-morphological approach.

Fig. 4. Developing a decentralized façade’s modular form control inspired by a plant cell’s wall turgor pressure.

motions and transformations. Lacking movements and depending
on a specific location are similar attributes of buildings and plants.
However, plants benefit from flexible and curvature bodies as well
as kinetic components such as leaves and petals [4,21]. Hence, the
architecture of plants, especially the morphological approach, is a
source of exploring and extracting unique adaptive strategies to
light [22,23]. In particular, motion principles detected in plant
movement (whether micro or macro scale) can be transferred to a
large scale as technical solutions for the kinetic shading façade to
change from static to dynamic [19]. For example, Council House
2 in Melbourne, as a kinetic shading façade, is inspired by tree
organisms and behavior. This biomimicry approach provides an
opportunity for saving energy of 82% and reducing artificial light
and mechanical ventilation by 65% [24]. Due to the high potential
of the biomimicry approach for extracting technical solutions, this
research aims to develop a biomimetic kinetic shading façade for
improving occupants’ daylight performance inspired by plant
movements. Therefore, the current research will be conducted

through the following questions: How can the daylight biomimicry
principles be extracted from the plant especially the tree’s
morphology, and translated to the kinetic movements? What is the
improvement in daylight performance of the bio-inspired kinetic
facade in comparison with the simple plain window?
2. Method
This research builds on a relevant literature study, biomimicry
morphological approach (top-down) [22] (Fig. 3), and parametric
simulation to develop a multilayered biomimetic kinetic façade
form, inspired by tree morphology, to improve occupants’ daylight
performance. The first part of the research uses a literature review
to explore how biomimicry influences the kinetic façade’s
functions. Likewise, we use the biomimicry morphological
approach to extract the formal strategies of tress due to dynamic
daylight. Then, concerning functional convergence, the
biomimicry principles are translated to the kinetic façade form
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configuration and movements. The second part of the study
performs the comprehensive daylight performance simulation of
parametric bio-inspired kinetic facade alternatives. In particular,
the daylight performance is studied through climate-based

daylight metrics and luminance-based metrics using daylight
performance prediction guidelines from Reinhart [25,26]. This
research leads to a proposal for applying biomimicry principles
and learning from morphological adaptation to develop a dynamic

Fig. 5. Biomimicry Top-down approach [49].

Fig. 6. Complex, dense and intersected mass of trees control the daylight in their ambient environment.
2383-8701/© 2021 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/).

69

S. M. Hosseini et al. / Journal of Daylighting 8 (2021) 65–82

and complex daylight fenestration system. Well-known software
and plugins are used to evaluate daylight performance, including
Rhino 6, Grasshopper, and Diva.
3. Biomimicry influences the kinetic façade
“Adaptive building skin refers to a morphogenetic evolution and
real-time physical adaptation of a design in relation to its

surrounding environment” [27]. Kinetic façades are using
kinematic technologies through mechanical or electro-mechanical
actuators [28-30], to change their configurations in response to the
building’s ambient climate in real-time operation for improving
the well-being and productivity of residents. The façades use
biomimicry principles to acquire complex, flexible, and foldable
forms that utilize smart and semi-transparent materials. Moreover,
the facades prevent direct light which is stronger, at least five

Fig. 7. (a) Leaf curvature vector, (b) Light Transmitting Characteristics.

Fig. 8. Biomimicry morphological approach based on daylighting functional convergence due to trees morphology. Adapted from [22].
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times more than diffused light [31]. The façade morphology
(which triggered by the responsive system) is transformed based
on elastic deformation [19,32,33], moveable component [34],
shape-changing panels [35], and self-shading geometries [36,37].
An efficient daylighting system can be extracted from the
façade’s components in grid forms. The façade needs to be kinetic
under the navigation of a responsive decentralized system to
provide a locally responsive form triggered by sun timing
positions (Fig. 4).

3.1. Biomimicry morphological approach
Biomimicry and biological strategies, such as plant adaptations,
provide underlying principles for proposing climate-adaptive and
interactive kinetic façade designs’ concepts [23,38-40]. Design
rules derived from biological systems provide an opportunity to
achieve adaptive morphological change in different ways [41].
“The movement of plants or plant parts occurs over a wide range
of sizes and time scales [42].” For example, the leaves of the
Venus Fly Trap have High-speed shutting in 1/25 second [42,43].

Fig. 9. Changing layers’ points distributions from regular to irregular phase.

Fig. 10. Multilayered kinetic facade concept inspired by dense mass and curvature intersected vectors. (a) Regular and constant points distribution in all layers, (b)
Irregular points distribution in every layer resulting in a complex and dens mass for kinetic façade design.
2383-8701/© 2021 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/).
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A variety of well-designed self-shading forms in nature can be
found in the plants’ world. For example, the vertical fleshy ribs of
the cactus provide a self-shading form that adapts to harsh climate
by reducing incident solar radiation [36]. A combination of bioinspired forms and their transformability characteristics provides
an opportunity to create new façade systems that are intelligent
[44,45], responsive [43], and adaptive [22,27,28] regarding
environmental conditions.
Biomimicry is the science that exploring nature through
different levels to learn from or imitate the best-suited analogies
resulting in the detection of optimal solutions for architectural
problems [14,22,46,47]. Biomimicry explores nature in three
levels comprising organism, behavior, and ecosystem [48,49]
while Badarnah [22] emphasizes a different category consist of
physiology, morphology, and behavior. Since biomimicry Topdown approach (Fig. 5) defines human desires or design problem,
then it uses meaningful exploration in nature to find appropriate
solutions, [16,19,49-51] many researchers applied Top-down
approach which has more popularity in implementation [51].
The Top-down approach, in particular the morphological one
that Lidia Badarnah [22] proposed, leads to apply functional
convergences in buildings and nature to identify morphological
means for adaptation. It benefits from hierarchical exploration

procedure comprising defining challenge (design problem)
precisely, meaningful searching for biological analogy, and
identifying appropriate principles. Consequently, the procedure
prevents searching irrelevant pinnacles in the early stages resulting
in adequate exploration space for detecting the optimal principles
[50,52]. Since responsive façades have to interact with external
and internal stimuli, plant adaptation principles can be recognized
as an influential source for generating kinetic façade forms to
improve occupants’ visual comfort [4,23]. Considering the
functional convergence between buildings and trees regarding
daylighting and visual comfort reveals that trees filter, illuminate,
and harness daylight through different ways consist of interception,
redirection, scattering, and transmission. Due to trees
‘morphology, there are many options to control daylight
comprising complex mass through intersected elements (Fig. 6(a),
plant dense mass (Fig. 6(b)), leaf curvature vectors (Fig. 7(a)), and
leaf light-transmitting characteristics (Fig. 7(b)).
Therefore, hierarchy functional convergence due to daylighting
directs us to perform meaningful exploration and detecting
morphological analogy. The extracted forms and movements are
translated into design solutions for the kinetic façade’s complex
and flexible forms by using kinetic vectors with curvature
movements and intersected-multilayered skin (Fig. 8).

Fig. 11. Multilayered and complex kinetic facade form inspired by dense mass and curvature intersected vectors.
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3.2. Small-scale indoor garden set-up
The kinetic façade is inspired by plant dense mass and leaf
curvature movements can meet the daylight performance and
visual comfort requirement. The kinetic façade form is changed
based on the different layers and the amount of irregular points
distributions in every layer. The façade design follows three
phases to change from static into the complex-kinetic form (Figs.
9 and 10):
•
•
•

Phase a) Four regular and equidistance layers
Phase b) Changing layers’ points distributions from regular to
irregular phase respectively starting from the upper layer.
Phase c) Generating complex-dense form through connecting
similar points’ numbers of different layers together (Fig. 11).

4. Daylight performance evaluation criteria
Daylight performance of the complex kinetic facade has been
studied through climate-based metrics comprising spatial Daylight
Autonomy (DA), Useful Daylight Illuminance (UDI), Exceeded
Useful Daylight Illuminance (EUDI) and luminance-based metric
including Daylight Glare Probability (DGP) [26]. sDA is
identified as “the percentage of the occupied hours of the year
when a minimum illuminance threshold is met by daylight alone”
and for a point to be considered ‘daylit,’ the sDA at the point has
to be 50%, in short sDA 300 lux (50%) [26]. According to Nabil
and Mardaljevic 2005, “Useful daylight illuminances are defined
Table 1. Optical Properties of common material surfaces [25].
Parameter

Value

Interior Floor

20% Diffuse Reflectance

Interior wall

50% Diffuse Reflectance

Interior ceiling

80% Diffuse Reflectance

Single glazing

90% direct visual transmittance

Exterior building surfaces

35% Diffuse Reflectance

Exterior ground

20% Diffuse Reflectance

as those illuminances that fall within the range 100–3000 lx., while
EUDI (UDI > 3000 Lx) flags on over-supply of daylight near the
façade” might lead to visual and/or thermal discomfort [25,26].
Glare is a human sensation, defined by Harper Collins, “describes
light within the field of vision that is brighter than brightness
which the eyes are adapted [25]”. The increasingly popular
discomfort glare metric suggested by Wienold and Christofersen
[26,53] is Daylight Glare Probability, which uses “CCD Camera
based luminance mapping technology.” Furthermore, DGP has
been categorized into four groups comprising imperceptible (3035), perceptible (35-40), disturbing (40-45) and intolerable (45100) [25]. In particular, DGP has been measured at points assigned
to occupants’ positions in the room.
The simulation is performed using Rhinoceros®, Grasshopper,
and Diva for analyzing daylighting. The simulation is made
assuming that the office building is located in Yazd, Iran. Yazd
has been classified as a hot desert climate (BWh), which has a clear
sky based on Koppen climate classification [54]. Furthermore,
Yazd weather data used for the simulation process are available
from the EnergyPlus website and arranged by the World
Meteorological Organization region and Country [55]. The width
and depth of the floor plan are respectively 4.2 m and 7 m.
Building elements are modeled with a thickness of 0.2 m for walls,
0.3 m for ceiling and floor. The height of the room from the top of
the floor to the bottom of the ceiling is 2.8 m. Moreover, the
window is located on the south façade with a ratio of 0.85 for the
window to wall (Fig. 12). Climate based metrics including spatial
Daylight Autonomy (sDA), Useful Daylight Illuminance (UDI),
and Exceeded Useful Daylight Illuminance (EUDI) are calculated
annually for every individual façade configuration. The luminance
metric to evaluate visual discomfort is daylight glare probability
(DGP) which is evaluated regarding the kinetic façade alternatives
on the solstice and equinox days, containing December 21st,
March 21st and June 21st [25,26]. Also, basic elements for studying
daylight performance simulation defined in Table 1. The
following assumptions are applied to the daylight performance
simulation: clear sky with sun, minimum of 300 Lux on the work

Fig. 12. Annual climate-based daylight metrics evaluation of the base case.
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plane in height of 0.85 meter from the floor, occupancy schedule
(8-16), a grid of sensors will be 0.5 m wide in Y and X directions,
no shading and artificial light [25].

4.1. Base case (plain window room)
The evaluation of daylight performance of plain window (base
case) through climate-based daylight metrics show that not enough

Table 2. Plain window room daylight performance Glare probability evaluation for different scenarios based on sun-timing position and occupant position.
Scenario

Office Hours
9:00

12:00

15:00

DGP

DGP

DGP

53

54

41

Person / Jun 21th

39

45

35

Person / Dec 21th

100

100

48

Person /Mar 21th

(a)

(b)

Fig. 13. Test room model for climate -luminance based daylight metrics evaluations. (a) Plan of test room and work plane position (b) The interaction between the
façade and sun radiation.
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useful daylight is provided to satisfy occupants’ requirements.
Although enough daylight is admitted into the room (satisfactory
sDA 93.8% of the time), the UDI amount (16.66%) indicates that
most of the admitted light is higher than 3000 Lux, resulting in
visual & thermal discomfort (Fig. 13). A value of EUDI (76.75%)
proves the results. For the prediction of the risk of glare, most of

the cases are in the intolerable range (Table 2). It indicates the
complete visual discomfort for the occupants who suffer from
daylight glare throughout the year.

Table 3. The selected complex geometries based on the minimum and maximum annual climate-based daylight metrics’ values.
The
chosen
logic

Complex geometry alternatives

Annual climate-based daylight metrics

irregular points distributions in
four layers (shuffling ranges)

Spatial Daylight
Autonomy (sDA)

Useful Daylight
Illuminance (UDI)

Exceed Useful
Daylight
Illuminance (EUDI)

Façade form

L1

L2

L3

L4

Min
EUDI

0.25

0.25

1

0.5

39.4

88.61

3.33

Max
EUDI

1

0.75

0.75

0.75

60

67.77

25.33

Min UDI

1

0.75

0.75

0.75

60

67.77

25.33

Max UDI

0.25

0.5

0.25

0.75

37.5

88.61

3.55

Min sDA

0

0.25

0.75

0

36.2

86.16

6.55

Max
sDA

0.25

1

1

1

63.7

69.77

23.55
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4.2. Daylight performance simulation of kinetic facade form’s
alternatives
Visual comfort and daylight performance of the complex kinetic
façade have been investigated through 625 different
configurations due to fractional irregular points distributions in
every layer. The daylight performance results of different
alternatives are compared together as well as with the base case
(simple plain window). Table 3 displays the complex geometries
that are chosen based on the maximum and minimum values of
annual climate-based daylight metrics. The kinetic façade
provides four different classes that each of them has four

individual layers. Based on the layer’s point distribution (regular
or irregular), the 625 alternatives are generated (Fig. 9) The
complex geometries are changed due to the different shuffling
ranges (0-1) with an interval of 0.25. It causes irregular points
distributions in each layer resulting in reaching complex façade
geometries (Fig. 11).
The annual climate-based daylight metrics clearly show the high
potential of the kinetic complex façade for meeting the occupants’
daylight performance requirements. A closer look at Table 3
reveals that the kinetic complex façade can admit adequate
daylight into space while preventing overheating by blocking the

Table 4. The selected complex geometries based on the minimum sDA of 50% and maximum EUDI of 10% with the tolerance of 1% from the 625 kinetic façade
alternatives.
No.

Complex geometry alternatives

Annual climate-based daylight metrics

irregular points distributions in
four layers (shuffling ranges)
L1
L2
L3
L4

Spatial Daylight
Autonomy (sDA)

Useful Daylight
Illuminance (UDI)

Exceed Useful
Daylight Illuminance
(EUDI)

Façade form

1

0.75

1

1

0

50.6

85.5

7.55

2

0.5

0.5

0.5

0.75

49.4

85.22

7.78

3

1

0.5

0.5

0.25

49.4

84.89

8.11

4

0.75

0.75

0.75

0.5

50.6

84.77

8.22

5

0

0.5

0.5

0.75

50

84.83

8.33

6

0.25

1

1

0

49.4

84.72

8.44
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7

0.75

0.5

0.5

0

49.4

84.5

8.55

8

0.5

0.5

0.5

0

49.4

84.22

8.94

9

0.25

0.5

0.5

0.75

84.05

9.05

10

0

0.5

0.5

0.25

83.72

9.38

11

0.75

0.75

1

0.75

83.61

9.44

12

1

1

1

0.75

83.5

9.88

50

50

49.4

50.6

direct sun radiation. In particular, the kinetic façade can be
changed from the simple geometry to the complex one for
providing the different ranges of spatial Daylight Autonomy
(sDA), Useful Daylight Illuminance (UDI), and Exceed Useful
Daylight Illuminance (EUDI) between (36.2-63.7), (67.77-88.61),
(3.33-25.33) respectively. Although the minimum value of the
UDI is larger than 55%, the ranges of sDA and EUDI can be a
reason for visual discomfort and overheating in the space. Indeed,
the increase of the sDA causes a dramatic growth of the EUDI
value from 6.55 to 23.55. Therefore, the façade form can be a
reason for daylight performance as well as visual discomfort and
overheating nearby the facade at the same time. Using an optimal
façade form can provide occupants’ daylight performance while
preventing visual discomfort. It can improve the UDI value while
reducing the EUDI and keeping the sDA value in the acceptable
range (50%).
Figure 10(a) demonstrates that the same points distribution in
the layers resulting in the simple façade geometries while figure

10B indicates the different points distributions in each layer can
generate the complex façade. Due to regular and irregular points’
distribution in every layer, the façade configuration can be evolved
from a simple geometry to a complex one. The annual climatebased daylight metrics evaluation shows the optimal geometry can
be achieved through the combination of simple and complex
façade which provide adequate useful daylight while preventing
visual discomfort and overheating. It appeared there is a direct
relationship between spatial Daylight Autonomy and Exceed
Useful Daylight Illuminance based on the daylight parametric
simulation. Thus, the simulation result of the 625 alternatives can
be filtered by the minimum requirement of sDA [26] and to
minimize the EUDI value.
4.2.1. Interpreting the parametric daylight simulation results
The simulation results have been filtered based on the minimum
sDA of 50% with 1% safety and maximum EUDI of 10%. First,
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Fig. 14. Annual climate-based daylight metrics evaluation of the complex façade forms: (a) The best complex facade (b) The second-best complex façade.

the 625 kinetic forms have been filtered by the sDA threshold
resulting in the 157 alternatives met the criteria. Then, the
maximum EUDI (10%) was applied that caused to reach 12
alternatives due to the requested conditions.
Table 4 briefly represents the nominated complex façade forms
that meet the daylight performance criteria by reaching an average
of 49.85, 84.46, 8.64 for sDA, UDI, and EUDI respectively. The
complex form with irregular points distribution of (L1: 0.75, L2:
1, L3: 1, L4: 0) demonstrates the high potential for daylight
performance regarding the base case by the dramatic improvement
of 5.13 times for UDI and reduction of EUDI more than 90 %. The
façade provides an opportunity for admitting the useful daylight
as much as possible into space while preventing overheating
through blocking and redirecting the direct radiation. In particular,
the sDA metric value indicates the 50.6 percentage of the occupied
hours of the year the minimum illuminance threshold is met by
daylight alone.
Giving attention to the two best cases reveals that the two
façades have the same change in point distribution when transiting

from the third to the fourth layer (Fig. 13). The point distributions
of the first façade in layers two and three remain constant and
without change while it observes that its first layer is changed. In
contrast, the second-best façade has three layers with the same
point distributions. Therefore, two main patterns have been
identified due to high potential of daylight performance. The first
pattern has the second and third layers of points with the same
point distribution while in the first and fourth layers the points are
distributed individually (Fig. 14(a)). The second pattern is
constituted through the same and constant points distribution of
the first three layers with a change in the fourth layer (Fig. 14(b)).
4.2.2. Luminance based metric evaluation of the best and secondbest complex façades
Table 5 displays the DGP value of the best complex façade and
the second-best one at a point in the middle of the room, 2.4 meters
away from the window (Fig. 13(b)) on the solstice and equinox
days. The complex kinetic forms show the significant performance
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for preventing visual discomfort by decreasing Daylight Glare
Probability (DGP) compared to the base case in different days and
hours. The DGP values are reduced by more than 17.28 %,
17.94 %, and 9.44 % at 9:00, 12:00, and 15:00 respectively on the
21st of March. Likewise, there is a reduction of 8 %,10.12 %, and
3.91 % at the same time on the 21st of June and a decrease of 60 %,
60.47 %, and 69.24 % on the 21st of December.

Although the base case mostly placed in the intolerable (DGP
> 45) and disturbing (40 < DGP < 45) ranges, the both complex
kinetic forms stand in the perceptible (35 < DGP < 40) and
imperceptible (DGP < 35) ranges. Despite the dramatic decrease
in the DGP value regarding the base case (100 % to 41%), The
DGPs of the complex kinetic forms stand in the intolerable range
on the 21st of September at 9:00 and 12:00.

Table 5. Complex kinetic facade Daylight Glare Probability (DGP) evaluation for the best and the second-best façade forms.
Scenario

Office Hours
9:00

12:00

DGP

15:00

DGP

DGP

Best/Mar 21st

0.3570

0.35.53

0.3135

Best / Jun 21st

0.3180

0.3440

0.3078

Best/ Dec 21st

0.40

0.3953

0.3076

Second-Best /Mar
21st

0.3573

0.3658

0.3176
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0.31

0.3488

0.3109

0.4106

0.4019

0.3021

21st

Second-Best/ Dec
21st

5. Discussion
Many recent studies in the field of the kinetic[8,12] and responsive
façade [56,57] have been performed that developed the grid-based
modular forms through primary kinetic movements. Although, the
facades’ forms are restricted in the simple shapes, learning from
biological analogies reveals that plants and trees provide
adjustable daylighting strategies employing the complex and
curvature morphological changes.
Biomimicry and exploring bio-inspired strategies, such as plant
adaptations, provide innovative design solutions for developing a
climate-adaptive kinetic façade design. Design rules derived from
biological systems provide an opportunity to achieve an adjustable
configuration that changes from the static phase to the kinetic one.
In this study, we have explored the biological analogies (tree
morphology) through biomimicry morphological approach [22].
Considering the functional convergence between buildings and
trees regarding daylighting and visual comfort reveals that trees
filter, illuminate, and harness daylight through different ways
consist of interception, redirection, scattering, and transmission.
Thus, hierarchy functional convergence due to daylighting directs
us to perform meaningful exploration and detecting morphological
analogy from trees. The extracted forms and movements translate
into the design solutions for the kinetic façade resulting in the

complex and flexible form by using intersected-multilayered skin
and kinetic vectors with curvature movements.
Visual comfort and daylight performance of the complex kinetic
façade have been investigated through 625 different
configurations due to the fractional irregular point distributions in
every layer. The complex kinetic façades are evaluated employing
the annual climate-based daylight metrics and luminance-based
metric. Despite providing the different ranges of the climate-based
daylight metrics values, it is necessary to choose the optimal
kinetic façade geometry that solves the conflicts between the
metrics. It can be designed to improve the UDI value while
reducing the EUDI and keeping the sDA value in the acceptable
range (50%).
The simulation result of this study confirms the high
performance of the complex kinetic façade forms for improving
daylight performance regarding the base case. Due to the annual
climate-based daylight metrics, the best complex form improves
the Useful Daylight Illuminance (UDI) 5.13 times more than the
base case that causes to have the high rate of useful daylight in the
interior space, even more than the interactive kinetic façade which
developed by Hosseini et al (2019) [8]. Similarly, the complex
façade intensely reduces the Exceed Useful Daylight Illuminance
(EUDI) with a percentage of 90 % comparing the base case while
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keeping the spatial Daylight Autonomy (sDA) in the acceptable
range (50.6 %). The façade daylight performance is similar to solar
heat gains reduction of the Helio Trace Centre of Architecture and
Media-ICT by only 81% and 85% respectively [7].
Due to the luminance-based metric, the complex kinetic form
shows a significant performance for preventing visual discomfort
by decreasing Daylight Glare Probability (DGP) compared to the
base case in the solstice and equinox days. In particular, the façade
decreases the DGP value with an average of 31.18 % regarding the
base case on the 21st of March that changes the DGP range from
intolerable into the imperceptible domain. Likewise, it is
calculated the average reduction of 17.64 % for DGP value on the
21st of June that resulting in the imperceptible range and fully
visual comforting space. Despite the average DGP reduction of
52.17 % on the 21st of September, we have two cases in the
perceptible and disturbing zones while a case in the imperceptible.
Overall, 66.67% of the scenarios locate in imperceptible, 22.22%
in perceptible, and 11.11% in the disturbing ranges without any
scenarios in the intolerable area. Comparing to the threedimensional shape-change façade [8], there is an average
reduction of 22.57% in the number of cases of imperceptible range.
This function can be compensated by adding some detailed layers
to the kinetic curvature elements which can redirect the direct
radiation and prevent the visual discomfort as much as possible.
The study focuses on the concept design as an influential part of
the kinetic design strategy that provides an idea to change from
static into dynamic. This research is a fundamental study that
shows how using a biomimicry functional-morphological
approach can lead to detecting a kinetic design for improving
occupants’ daylight performance. The study is a part of a proposal
that develops a biomimetic kinetic shading façade. However, the
findings of this study have to be seen in the light of some
limitations. Further study can be investigating the kinetic
mechanism and control logic of curvature vectors, interactive
design due to occupant behavior, and the possibility of
materialization. Besides, its daylight performance will be
compared with other kinetic shading facades and conventional
shading devices such as Venetian blind and light shelf. Due to
methodology, the study just applied the parametric daylight
simulation based on the daylight performance prediction guideline
written by Reinhart (2011, 2019) for evaluating occupants’ visual
comfort. Since the prediction of glare, as an important metric
depends on a human sensation, the function of the interactive
kinetic façade needs to be investigated through experimental study.
The existence of kinetic structures, such as a wind-walking
structure that walks in response to the wind [58], can support the
possibility of materialization of the biomimetic kinetic shading
façade. It might hint at new technologies for new moveable
structures or ideas to support more innovative adaptive façade.
Nevertheless, a materialization of this kind of façade requires a
multidisciplinary team that can support expertise such as
architecture, biologists, structural design, robotic science, and
machine learning. The application of smart materials such as
energy-efficient shape change and memory alloy materials for the
kinetic facade should be considered as well. Last but not least, the
concentration of this manuscript is more on the formal concept
which might be supported with further discoveries in material and
structural science.

6. Conclusion
Since the morphology of plants is a source of exploring and
extracting unique adaptive strategies to light, the current study
aims to develop a complex kinetic shading façade design for
improving occupants’ daylight performance inspired by plant
movements. Precisely, the tree’s morphology is investigated to
extract the daylight biomimicry principles and translate them into
the kinetic movements. Considering the functional convergence
between buildings and trees regarding daylighting and visual
comfort reveals that trees filter, illuminate, and harness daylight
through different ways consist of interception, redirection,
scattering, and transmission. Due to trees ‘morphology, there are
many options to control daylight comprising complex mass
through intersected elements, plant dense mass, leaf curvature
vectors. The extracted forms and movements translate into the
design solutions for the kinetic façade resulting in the complex and
flexible form by using intersected-multilayered skin and kinetic
vectors with curvature movements.
The comprehensive simulations of the annual climate-based
daylight metrics and luminance-based metric confirm the high
performance of the bio-inspired complex kinetic façade for
improving occupants’ daylight performance and preventing visual
discomfort in comparison with the simple plain window as the
base case. The study of 625 façade forms shows the complex
kinetic façade achieves the high rate of the Useful Daylight
Illuminance by 85.5% while decreases the solar heat gains more
than 90% due to the base case. More importantly, the facade keeps
the spatial Daylight Autonomy (sDA) in the acceptable range
(50.6 %). Due to the luminance-based metric, the complex kinetic
form shows a significant performance for preventing visual
discomfort by decreasing Daylight Glare Probability (DGP)
compared to the base case in the solstice and equinox days. Overall,
66.67% of the scenarios locate in imperceptible, 22.22% in
perceptible, and 11.11% in the disturbing ranges without any
scenarios in the intolerable area. In addition, the multilayered
kinetic façade provides daylight performance improvement based
on climate-based daylight metrics evaluation, especially the best
case achieves sDA, UDI, and EUDI of 50.6, 85.5, 7.55
respectively.
The study proves the high potential of the biomimicry
morphological approach for meaningful exploration and detecting
suitable analogy due to the functional convergence. However, the
implementation of the bio-inspired complex kinetic façade needs
an interdisciplinary collaboration, especially from material and
structural experts. Indeed, the concept of the complex façade
forms can be established through smart materials that change their
properties such as elasticity and light-transmitting. A possibility
of view to outside as one of the advantages of this faced
morphology will be investigated in the future work as well.
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