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ARTICLE INFO Extended ABSTRACT

Article History: . ACKGROUND AND OBJECTIVES: 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

Structure Controlling H R N | .4 il X . . X
Sensor :daylight receiving conditions using the Ladybug plugin. Different forms with varying
Actuator isupport points were proposed and evaluated based on aesthetics, shading levels, and
isite constraints. In this method, the desired free-form surface is initially drawn. Then,
ithe Iso-curves of the surface are extracted along the horizontal and vertical directions
.......... . ito obtain a mesh network of the surface. This mesh network is transformed into a

Adaptive Structure
Scissors Structure

Use your device to scan i three-dimensional 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.
{In the next step, special connections, including rod connections within each scissor-like
%unit 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,
i allowing individual substructures to change independently. Arduino, a microcomputer
gchip, 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
idiverse 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

gbe 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,
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Number of Figures

12 especially in small-scale model-making, as they can create rotational motion based on the
| {input voltage received from microcontrollers.
e —— H
=1 { " 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 {inactive option, delivering the desired shading conditions for more hours throughout
gthe 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
i 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
i maximize shading.

{ ACKNOWLEDGMENTS:
This research did not receive any specific grant from funding agencies in the public, commercial,
or not-forprofit sectors.

{ CONFLICT OF INTEREST:
i The authors declared no conflicts of interest.

Shahbazi, Y.; Kouchaki, H.,

COPYRIGHTS

Copyright for this article is retained by the author(s), with publication rights granted to the Journal of Iranian
Architecture & Urbanism (JIAU). This is an open access article distributed under the terms of the Creative Commons @ ®
Attribution (CC BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, as long as the T

original authors and source are cited. No permission is required from the authors or the publishers.
https://creativecommons.org/licenses/by/4.0

HOW TO CITE THIS ARTICLE
Shahbatzi, Y.; Kouchaki, H., (2023). Form finding and construction of 2d and 3d adaptive free-form scissor-like structure. Journal of Iranian
Architecture & Urbanism., 14(1): 211-224.

d https://dx.doi.org/10.30475/isau.2023.278337.1671
-?. https://www.isau.ir/article_176306.html



https://creativecommons.org/licenses/by/4.0/

1FoY lawsli g 5l YN-YYF Olxdio ) o)lols NF 090 .31l (63w e 9 (5 lomo ook &y p06

Ol 6 3lw yoeis 9 (5 lore (ke & il
(JIAU)

https://www.isau.ir/

;M' 95— ;o.l.c e

! LS' ".‘55 “&l’ & ! (5} L.'Q":" )"“b

Ol g g (oMo oLCES 5 il s g (5 lowo 0dSED o5y laro 09,5 Leiils L)

Ol e e (e dleol i LTS sl et 5 (5 lomo oA ey lomo 005 o iz (5508 )5 (5 boe L)) ol 15T

ouS>

Ao wlazice

SSIFS 9 555 0 Sbilon S (ol Adu dw gilwaz LS L (il slaojle
e Ol Ly gldail 51 Jow gl a5l oo g—bain ae Ol o Ly | 095
b lojlo slapi e & 2bso b oo |y ojl 5l isu Ly S oS > a S
ol gadlin Lol Bua wilw el 3 1) g pdy S g oS e e LB L eu s a Sl
SS S L as el olle Olwszmd soslw gawaie S g oSl bp s
il oloml LB L 59,5 5o 3l Ol pss 4y co s ey (Lol lg o
S Jolaie ylaw 8 sojlw sliala oo slagldl Ly g —us —olie sladl L
S o S A Fwl Jo 1) 6 0 uF (gogou i Jlad e TS olfus
lol g0l 5l S8l cws anday w8 ojl S A g edg—ad JmiS G i o>
e byl i g IS L as e L N S byl b g ol SO ol5le 3 b
‘5Lb)a_nu.ﬂ )| ‘é_]a> J..\_A—‘c.la_w )|}_,.o.m LngGmA C‘l:.?b_w‘ l_x M— 9 0d—% ‘ral.:ro).e
S ytebly saigiil o alilest lolo A dSsRf STeF Bh Dbl i
L)l )5 otz 590, )il S g dzad g L8 0 (I 5 le e T
FIIAS Slame dn jgigemg e 5 KBl Gloie dn sug0)l ST 9 sla S
goadaslw Ve an) wlde o ‘Sali_.i;.luﬂ Joe S e il oo (g3lwals
Gyb la i oS oA ol andat Gl e gojlw g dhe TS o Slee

el oo ool s ol cl gasles o 3 5 Oye0 dn QT Prd aesS

2395 55 28l 5o (g3lwand g oliT p )3 ol 3 sla Lol G el b s -
ST 58 Gluezd lals 5l ebide S g8 el 5 g5l Joe -

lals giloario sz Sl 08 ploimd ol Jld J S luesly 5 (b -

L
Y

iy

\f

y

«o/e\YE bl g
VR 12 Sk &b
A AN ey &b

YONG T Lesl g s

oS o 53lg

il (so3les
Oleszd ol
ojbw 58
S

Sdss

il s g s )lome (ole dp, i o Edas oljle 8 L o laojlw aiwaie J,uS g el ( bpd (V0 Y) ail ( SosS 5 wb (sl

YYEY N CONE ()

A5 90 S, e lw zmd ojlw (gilwesly 5 bp 3 Glee Ly s st wngi o bl wlid IS 4 sbpbl 5lasd $ o a Jae ol

UV IPULE I gPY WP (SSRGS IV ST LN NRCHIWES K CHUWEP JPr] PR TN P UL SRUA (P SRR VY JUEL g [ PO B

e AANYY AT VY pa

y.shahbazi@tabriziau.ac.ir S ;i SIN Cany




Sl 313Tp B plu B oo sy Sawiin J IS 5 Lolw (e

YN-YYY Olxio /1 o 5loi . 1P 0590 . 1FoY bl g 5le

Jensen, 2004:) ¢l a Lo o3l jo (Lol J>e
Sloojlos 90 8 5 i (b9, (ed asll 3 2
Jensen & Pellegrino, 2004:) wssges 71, b 1, ol
s i Ll a Sl es Ky S (154
Sloolw 438z a5 0o Ll G pdy b S
slaaxly 50,5 Rl Lo s tlsioe goma—
Cmd dmy aSeD S )0 S iz o Gl (oo
Sy Sl gy sl s sl Joe by
990 glaSba ol v a S e wloa b ol i
Lol g Lol S oot (99 €95 51 9 g
(Temmerman, 2007: 15) oo 4540 Ll
Sl gl (e (b 0, S04, S il
Ga—wiin L olbojlw g oo loaS b (xha s
69y = Sliiod Galae gaall ogai zylae | ol
Ol ) gama—w gl (28 Glaojlw 2lib
Roovers and) <8 e o g gl Sl s jo
|, ooz Jsie Layl (Temmerman, 2017: 46
S 00,5 ) e ool s sbroslw gl
Slanssly 5 sl ( el asly as yo Ly oSSl e
&y dmy Loy oyl Jlasl Uy s s el o LB
sloojlaw glol Glo oo 7 SaSs Ay iy 0,8 S
gyl g—ad g |, 0T a8 gomas L (o
Vo) Joloz )0 gaman 5 90 gl (o208 slaojlw

loas asl)|

L 5y oo Sl =l o ikl glop el
ploul o8 4 g wadlae (glasla s sl o LB
Ol (=8 slaoslw wo o A8 el oa
Lapl (mle 2 sl (S h9) 50 5 3 le 8 samas
e o e 8 et Gl (o8 laojlw A
8 o)l sl s Js el asles 0 5>
p—».QLﬁ.A R = ] 00 LHJM (GO ul_..u

Scissor-like
structures derived
from translational

units

Table 1. 2D Scissor-like structures

dodlo

Olymie cod (plooslw Bl 08w Job o
ooy aS)| lsaige bagi iy gy o slaoslus
Sl elbcewd o 1) gpd a8 Lyl el
e el L g g leys wiiw asile plazsl
—bad slaonl asle S5y wlie jo Ll
S s an jol8 a S beojlw (ol ais S (g3lwesly
e ees (SEle s s el i Lo
ey samar lems i (o2 )1b Sl
oslaiwl jolaie 4y S e bl jla s asla
Al 9 009—ad (55100 0 (reb SLaiss Sl Sl e
sl ol )5 6l 1) (o slonlad
Ol (8 slaaaly (o ple 95 (sams gl 5o
«(Hoberman, 1990, 1991) o5 s gloasl I, Jlsal;
Do oo IS 3 o aple glasslyLaglayas
Glagly o> slaldl ool o X g 5 aslol jo
iz gl alie ;o ol 0 A S wiogal ydas |,
Soagly sloaylol ool ol jo .l p5 (gagly
Iy Gloymls it sloojlw o Jg o5l ol a bl pons
b (Kassabian et al.,1997: 52) o5l o p—nl)
(oo )LM_”‘)' ‘Sl—QOLQJ‘ 6)—"'\""5)"’ L’)l)li_o.as 9
Cai atal., 2014:) o550 sy 5 7—JUT |, a8L
L ol (o eooin (>l e i 5 50l (257
Roo-) Ailodges oy |, s 5 L'z—le"'" sloixly
— ogdle (vers & Temmerman, 2017:a:46, b:231
[y omas ol (o8 Gloojlw (gamgs sawain
e 4t (S slap b els il o ploS e 7
5 sasls sl Ly aSs Ly bl S5 as—s
a s ol lis i 0gws a g T e pla g0, S
i Ly g i 1y gl slagloll olss oo
olbes sl (omd (Yo Jome a5 90 30l

/ / P "\ / /" ..\ S
AN /PN ) e N R N\
P2 \\I_,f P2 P2 \

Scissor-like

structures derived T T4 U “;_,'\K A
from polar units ul "'-_;,-’I’h-'.fig'xlﬁ-.mf}.\-Ig-._-\-"" [ el 2N =1
1 /IJ B ! "! '_,"'; i % i 3§ ht
n_—=1n 13 | " =
-] 2 e 1
6 s
Scissor-like T
structures derived AN
from angulated N i
units f 3
P e
nl'-_I
. ]

Maden et al., 2011

0"

LI BRaN |

c

l 4

(S -

[y

[ 1]
b

I’

23

I

\o
(73




N
l;"\r'."’;i'

A
)‘ -

99

s |l o 4 P
O g (S 3 et gl § (S gl

ol

s

IS

YN-YYYF Olxio /1 o 5lois . \F 0599 1FoY bl g sl

S5 Wb (53lew b

Table 2. 3D Scissor-like structures
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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)
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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 reéeiving Proposed shape and amount of shading
sunlight under the shading device
With 3 Minimum Rise 25.504 ————EE
Supports -
Maximum Rise 25.256 ' ) — ;\
= “_.L'-"_
With 4 Minimum Rise 25.720
Supports
- - N ~
Maximum Rise 25.544 . ) . {
With 5 Minimum Rise 25.768 —
Supports
Maximum Rise 25.631 je . F‘ |
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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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