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ARTICLE INFO Extended ABSTRACT

Article History: . ACKGROUND AND OBIJECTIVES: The aim of this study is to explore the design,
Received 2021/04/13 construction, and control of adaptive free-form shading structures that can react to
Revised 2021/06/27 ichanges in light levels. The focus is on developing a transformable scissor-like structure
Accepted 2021/10/06 i capable of changing geometry to achieve controlled forms. The key objective is to create
Available Online  2023/08/06 ian adaptive shading device for a specific courtyard, considering factors such as human

interaction, relaxation, and optimal shading conditions.

Keywords:
ETHODS: The study employed a parametric design approach, utilizing digital tools

H such as Rhino software and Grasshopper plugin. The design process involved
{identifying influential environmental factors, defining control objectives, and simulating
idaylight receiving conditions using the Ladybug plugin. Different forms with varying

Adaptive Structure
Scissors Structure
Structure Controlling
Sensor

Actuator i support points were proposed and evaluated based on aesthetics, shading levels, and
§,site constraints. In this method, the desired free-form surface is initially drawn. Then,

%the Iso-curves of the surface are extracted along the horizontal and vertical directions

.................................................... . i{to obtain a mesh network of the surface. This mesh network is transformed into a
Use your device to scan §three-dimensiona| spatial mesh structure, and finally, all the lines of this network are

and read the article online

i converted into scissor-like modules. It is worth noting that besides using horizontal and
§vertica| Iso-curves, it is also possible to extract inclined, triangular, pentagonal, and multi-
i sided networks from the free-form surface. Through this approach, various double-layer
i networks with diverse multi-sided modules can be transformed into scissor-like structures.
iIn the next step, special connections, including rod connections within each scissor-like
gunit and connections between neighboring units, were designed and labeled for laser
i cut wood. Control connections were introduced to enable deformation within the fixed
ispan of the structure. The modified scissor-like element model by Akgun was utilized,
{allowing individual substructures to change independently. Arduino, a microcomputer
échip, has gained considerable interest in architecture because of its user-friendly nature
iand its ability to work seamlessly with a range of sensors and controllers. It facilitates
ithe creation of smart devices by taking input from sensors and switches and producing
i diverse responses, like modifying light levels, adjusting motor speeds, and controlling
i other outputs. Arduino can function autonomously or be linked to a computer, and it can

§:be programmed using software such as Arduino’s own IDE or the Grasshopper plugin in
v iRhino. In terms of controllers, there are various options available, including pneumatic
i jacks, shape-changing smart materials like shape memory alloys, piezoelectric elements,
and electromechanical motors. Servo motors, in particular, are commonly used controllers,
especially in small-scale model-making, as they can create rotational motion based on the
| {input voltage received from microcontrollers.
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= { " INDINGS: Through simulations and analysis, it was found that among the alternatives
Number of Tables {0 mentioned in this article, a three-support-point canopy offered the most favorable

3 ginactive option, delivering the desired shading conditions for more hours throughout
ithe year. This finding validated the effectiveness of the proposed design approach and
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?highlighted the potential for achieving passive shading without relying heavily on active
i control. The laboratory-scale prototype demonstrated the feasibility of the adaptive
i shading model. Sixteen servo motors were connected to eight corrective units, allowing
i for changes in the angle between rods and structural deformation. Light sensors, Arduino
i kits, and a closed-loop control system facilitated the processing of sensor data and
commanded the servo motors. The prototype successfully achieved controlled structural
i deformation in response to the presence or absence of sunlight.

ONCLUSION: The study presented a comprehensive framework for the design,

simulation, and construction of adaptive and controllable free-form scissor-like
i structures. The research showcased the potential of digital architecture and embedded
%systems in creating dynamic and responsive solutions. By combining sensors, central
i processing units, and controllers, the suggested design for a shading system allowed for
i the adjustment of its shape in response to environmental conditions, particularly the
i movement of sunlight. The findings underscored the significance of considering both
i passive and active design strategies. While passive geometry and form optimization
%played a crucial role in achieving desired shading, active control mechanisms provided
 flexibility and adaptability to changing conditions. The study emphasized the importance
i of carefully selecting the form, placement of corrective modules, and incorporating
i various sensors to enhance the capabilities of such structures. In conclusion, this research
%contributes to the growing field of digital architecture by providing insights into the
i design and implementation of adaptive shading device. The proposed framework and the
i laboratory-scale prototype demonstrate the potential for creating adaptive and responsive
i architectural solutions that seamlessly integrate with their surrounding environment.
Future research can explore additional sensors, materials, and control strategies to further
i enhance the adaptability and functionality of such structures in diverse architectural
: contexts.

: HIGHLIGHTS:

- Parametric form-finding of freeform scissor-like structures and simulation of daylight
reception.

i - Modeling and construction of a small-scale freeform scissor-like shading device.

i- Design and implementation of active control for freeform scissor-like structure to
maximize shading.
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Table 1. 2D Scissor-like structures

Scissor-like
structures derived
from translational

units

Scissor-like
structures derived
from polar units

Scissor-like
structures derived
from angulated
units

Maden et al., 2011
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Table 2. 3D Scissor-like structures

Scissor-like
structures
presented by
Escring

Cylindral barrel vault with polar

Two-way spherical grid with identical

units units polar unit
b '!l;-‘i_;:'ﬁ:-\\\ I’l‘a.‘j::b_‘-lk‘k\
V. '_A

Three-way spherical grid with
identical polar unit

Scissor-like
structures
presented by
Gantes

Geodesic dome

Lamella dome with identical polar unit
p x: ‘N:‘Q

P4 Y,

“ ¢
24K W‘\‘
X/ >

K

Elliptical arch

Temmerman et al., 2007: 15&18
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Fig. 1. Production of three-dimensional scissor
structure by geometric design method:
(1) extraction of Iso-curves (2) transformation of Iso-
curves into scissor-like structures
(Kelvin Roovers L. A, 2013)

w50 (21,0

L5 odaie g oot  Solaw YL ail g
5 S e glrojlw oo JLf....l Iy &S > g g,
PYe: COREN NETPUY EFR W JUUER S B SR W JCE. 4
DS oo Jos )b lojlw leme an cnis sy o
o (Silow (50 50y il
JB e slalSe a5 00 slodle a s
PIOU] L | IPY-1 L P PN IR WS S5 S LN ST SUT 0
a QIB_‘;LSA L:e")—l o pdgle 5l a S oyls 59 =g
LS“LL‘"’)LP p_......ulio 05_0.1 o)l_..ul 6‘4_L..A)Le‘> p—m—uls-é
J)_x..a [ va—— Ls‘o)_.,_?d)’ LS“\—‘-"‘L-“ O_.'.)Soél_..u
Sz Laals SO o as cwla o sl oo
S (Afzali, 2012: 52) wleas J—ate oo Jloas!
Ol amy wlgs oo S Bl (oom gaSl
3 Slais slidn oz ol o8 slnasly
p—silSe ;LS 55 (Roovers, 2017:2) 0g—is 423,85
sl b a0 panilSo Lsoee a5 (gla Lo lo>
G —w 6“—54 Sg9d—"r0 le.(bp_m...uls.a ‘03_.:23‘54
Au_,o...ﬂ 9 A.))ls_).ﬁ sAws)Lw ‘AO‘H sACA_J.g OB
Aol oo b yinS Guamdw slad paS a5l 09y
le.bo)l_..u H‘)‘L’ LS‘)—’ ud‘v\-'-“d*“ u—’)"‘bj")lsf

(Y b)) s gamaw olle 8 s o8

Shodigh g (Halai 3058 6 loe

OO g o P omgele Gl Jlipms (5)lens

(V< LS)LAJJM Ui’j) )‘ oolaz_ul l_u 9 )Jmuu),._uj
o5 09— (il slaplalw calw g (e
gy Slgiion yidgh ol B 085 I3
ool wl Ly a5 el alﬂr:)J Ol =28 o3l
S 90— slapll 5 (hg) G LS )0 (g
Veao ) olade Lo (69,5 sasiged S (gdmwin
G sla sy 0 a S cwl ol (g3lawosly 3
Do =l 5o and dales cols My—M ye-body
g S 3l Glg 0 Al 45 csl Lol Jls—
ol 4 anux> slagledl Ll L AAlal b, 550
ol 5 1y 53 iy e oS s (o
S A g 03g—as J S 2, (SO Ol s 4
Sl et 5l e le ashy slasysls
u’_n....JaJ JA_A 4_|‘|)‘ ‘.)‘)—hn)J ul—ﬁh’ H’j 60)L~u
L ey lolw SOl om0 Jue a0l

595 29 Sl

3T o Gl (78 ool

ol 00 sy S s Sl jo )l 3
Wlgiwl S L o, S aile coolw Lo (gl
ploul Sladss s JS ol bl o 0w
S,lg slansly sl 28 jo 1) ol Jo—al L sais
Joiliy Lo 28 g5 sl 45 a0 (i 5 00g—ad
Kel-) ol ol3T p,8 9 95 sldva_waza sl g0l
o99, 99 5 ,o—ba (vin Roovers L. A., 2013: 1
Gt ol (8 ool 4y Sliws sl
b e Jol g,y sl oo alll olle 8
4y olgsds ol P8 Garo Jmad 5o,k sl osl
o3l (gleiwd 290 (B9 9§ Oleid o3l
S slin s i Sl

d >15b

A 17“, dl—“’r

133090 ol3le, 8 (gammbo lo ) (g, Gl o

2 0l il slp (i s 09— 0 i
S S LS eus C‘).?L»_w‘ Gog—as g 28l b,
4 (e §85d ol il Sy amio s
5 00 Jmdd (g —lad i ol S
sladsde am St (ol by oz (aled ol o
S ;55 oY i e i ol s
5 2 5l en sl oo jlesliiul slom (350
5 ko T (2l A o laaSl (g3g—s

0"

LI BRaN |

c

];. 3

(S -

[y

[ 1]
b

I’

23

I

\o
(73




99

ol

1

9

}
‘J
q

k)
1 9
‘T

&)

s

YN-YYF Olrio /) o lois . 1F 0,99 . 1FoY (Ll gyl

S5 Wb (53lew b

S, g oo b a s’ Slwlxe 5l a5 Le 4 S
J.aLMJ s od_..uc\.a...u ul.._..ul:bc o)_>)L§ ‘r..uL....u
L5 el (S5 ol ) L8, i B0 L
ooyl bl.bo] WS LS)B]W“Q—.W)“ Iy, Sledb
Kontovourkis,) ST N d‘_‘s‘f ‘U] u_..ul...' Ao g 003_0.3

(2013: 210

ek gojlw S So5d STy s
Losogys b Sy Lo yS ]S 5 o S 5, Sloe
=l ol 4 plop—nilSo (058 slazg >
Gilwdiadignd S g aiiS oo J,mS ) jLLail o s
B g bl s g as S8 e o
WS o dax i ) cwl a8 )5 )13 )_:.,L, S
Ajlw o B 1y oo gl slapinaw do S
Lol g oS codl o connd 5l (S5 oledlbl Us
STy )Ly g 0SS5l 1y e S Bils d—’)-b S
st L S oiSin o 51 L 1 o35> 5
da S 5l gilwls (6556SS i (5 0uS
slis o bl Lo S s 5 X2l
963 o du)fu*’)b)-’ ‘Lm).i_.,.o @L“ sl )‘
oolaul s.,\.l}e‘_..u “.A..o.:_‘i ng.,\.._wl.w} i )_E.A.A )l as
Ao S il oo oy 2 B 39— o )3
QS sodoz i g a8 S| la e (0 05250 Lol
€5 90 5 oo o oo TgrelS Ay G
(_gLa:)f_...:> 9 o’,_llsl (_gl.asjf_.o .J)LD S9—>9 15_.0
40 a5 g5dy songae uf}.)lj s S  Jlizus
VoYY LS - Q_ud‘&d_cu)j_»ptx_»‘)w‘)_l).ufj)i:ﬁ
o Jlizus gl v a5 o e o Lo 4
Iy SleMbl o ynl g Yo Mo casilfgo byl i & yg0
Sms e S5 S o
&_ij_;ijojca_;‘l.m)i_&)'bﬁ Elo—il o o
J=do an el as cnl (SO gmalS g S0
Elel yoi J—og Kl 5 )] 5l eoli ol clgpw
Sglepn SO gleme an o e 5 S g e s
88 |, Sda >gi 0,00 s g)losod e o
ol oo g—uge,l oS (Kenesk, 2014: 2) .l
5 S G b 5l Lagg)s 5 Lsesls (28,5 Ly
Elail g apd dewgi 1) gaialsa sl ,lpl Laals
9 Lo )gise 0lygd 9 S 95 il (gmen (ST
5 =5l 4 Jlail o Ly s s ©j50an Ly
o= g Ly g g0l )l le 5 5 skl el
aigBl Gl 0, S (o0 Dy9—o pla S )0 (LS
9.»3&)‘ M..JS S ol ‘5_41.@4.0[;)4 u»..»:y - )OL.S

W)j_]owﬂuw;msﬁwww|
(Payne, 2011: 3) o5 o J—oy

(B)

Fig. 2. 3D Mechanisms: A) Bennett (K. Korkmaz, 2012),
B) Altman (Y.Chen, 2003)
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Fig. 3. The present location of the shading device in
Islamic Art university of Tabriz
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Table 3. Comparison of different alternatives in amount of shading

Type of shading device Annual hours of receiving

sunlight under the shading device

Proposed shape and amount of shading

With 3 Minimum Rise 25.504
Supports

Maximum Rise 25.256

With 4 Minimum Rise 25.720
Supports

Maximum Rise 25.544

With 5 Minimum Rise 25.768
Supports

Maximum Rise 25.631
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Fig. 4. Steps of parametric modeling of the shading device using Rhino and Grasshopper plugin
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Fig. 6. Akgun modified scissor-like elements (M-SLE): (1) 2D, (2) 3D (Von & Akgun, 2010)
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Fig. 7. Three-dimensional(3D) free-form scissor-like structure with the ability of changing rise in a fixed span: (1)
M-SLEs; (2) Naming the elements in order to assembling the structure; (3) The plan of the structure and the location
of the four three-dimensional M-SLEs; (4) Top view of the final structure

Fig. 9. Connection of servo-motors to Akgun M-SLEs
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Fig. 8. Designing a 4-bar mechanism in order to move
elements and structures
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Fig. 10. Simulation of electrical circuits in Proteus
software
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Fig. 12. Adaptation stages of the laboratory model under the stimulation of light radiation to the optical sensor
simulating sunlight
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3. Translational Unit

4. Polar Unit

5. Angulated Unit

6. Hoberman

7. Bi-Stable

8. Iso-Curve

9. M-Sle

10. Embedded Computation
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