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A Shelter for Play 

The shelter for p lay is responsive to sight, 

touch, light, and navigation to feature its 

playfu lness nature. This project's focus is to 

develop a light-responsive design 

Project Brief 

Playfulness 

The main objective of this project is to present a 
solar-responsive skin that could change its 

responsiveness features parametrically and 

represent a playfu l design by changing its color. 

The shelter is located in Bristol and made of a 

steel structure w ith wooden panels. The panels 

are covered w ith thermochromic coatings that are 

passively tempreture-sensetive. 

Computational Environmental 
Design 

The integration of envi ronmenta l considerations 

and computational methods in ligned with the 

design theory has led to a solar-responsive design. 

The energy generation potentia l of the shelter 

has been analysed for different fo rmal iterations 

and throughout a year. The fina l form has been 

chosen based on the radiation and shadow 

studies. 

• • • 
• • • • • • • • • • • • • • •••••• 
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Theory 

This project follows 'biomimetics' as a design approach and uses computational design as a tool to develop 
the design concept. 
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Chameleon's skin color 

Chameleon's tongue structure 
H.De Groot (2004) 
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Design process 

Chameleon 

C 
0 

~ 
~ 
en 
.0 
(1) 

(1) 

E 
0 

LL 

C 
0 

~ 
~ 
en 
.0 
(1) 

~ 
::::, 
0 
·;; 
(1) 
.c 
QJ 

C£l 

Forms generation 

Method: 
parametric equation 

Color-changing feature 
developement 

Method: 
Parametric data conversion 
(from incident solar radiation 
to color) 

Optimization 

Extracting the rules 
for coloration and 
color changing in 
chameleon's skin 

Solar radiation 
analysis 

Shadow studies 

Parametric color­
changing design 

Decision maki ng Reg iona l 
about the material classification of the 

and the trigger for c----~ sk:~c~::~is~~a~he 
changing the color radiat ion 
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Material 

Colour-changing materials 

Smart material 
Photochromic 
Electrochromic 

;t Thermochromic 
Mechanochromic 

Chemochromic 

Trigger 
Light 
Electrical energy 

Temperature 
Mechanical energy 

Chemical energy 

Among the above options, thermochromic material is chosen considering the fact that the incident solar 
radiation recieved by a surface has a direct relationship with the temperature of that surface. 
Thermochromic (TC) coatings are dynamic solar control coatings that switch over time from high solar 
absorption at low temperatures to low solar absorption at high temperatures (A. Butte t al.,2021). Also, 
there has been some research that introduce thermochromic films/coatings that can attain multiple color 
change. 

Reversa ble the rmochro mic process, Zhang et al.(2022) 
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Color-changing materials 

Laban Dance Centre, London, Arup 

http s://www.rDOOCa .de/en/highlights/design-seri es/l>icc,lor-l .ht ml 

Rirter, A.(2007)'>martma terials in archit-,ctu re, interior arc hitectureanddesi11 n.Base l;Berl in ;Boston: Bir<hauser. 

http s://arquitect uravi, a.com/wor<S/cent ro-de--Oan,a -laba n- lo ndres-8 

https://www.sc ienti~ca merica n.c<>rn/a r tic le/r;ew-cDlo r-cha n11in11-cooti n11-cou ld-both-hea t-ahd -coo l- l>u il din11s/ 

Kineti c dress during various Aegis Hyposurface, dECOI Architects 
activities, Cute Circuit research laboratory 

6 

Abstraction: Form 

Parametric equation 

The form has been generated inspired by chameleon's tongue structure pattern (spirograph) using .the 

parametric equation method. Playing with z coordinate equations of the two generated curves has 

shaped the design . 

z=u*(sin(t)) 112, u=lO z=u*(sin(t))A2, u=20 (The z equations are x=2.S*cos(t)+cos(S*t), y=2*sin(t)+sin(S*t) 
1 

des igned by the author. See page ... for other itterat ions) x=2*cos(t)+cos{S*t), y=4 *sin(t)+sin{S*t) 

1. The initial eq uations for x and y coo rdinates are x=2'' cos(t)+cos(S*t) and y=2* sin(t)+sin(S*t) using the 'geogebra' website. The equation fo r z coordinates and further 7 
manipulation on the x and y equations has been done by the designe r based on the arch itectu ra l considera tions. 



Form Generation 
The x and y coordinates are constant. Different itterations have been developed by changing z coordinate. 

Curvel/Equation= {u2sin{t})A2, u=l.79 
Curve2/Equation= {usin(t)}A2, u=4.37 

Curvel/Equation= {u2sin{t})A2, u=l.79 
Curve2/Equation= {ucos{t})A2, u=4.37 

Curvel/Equation=(ucos(t))"2, u=2.08 
Curve2/Equation=(usin(t))'2, u=4.08 

Curvel/Equation= (usin(t))"3, u=2.17 
Curve2/Equation= (usin(t))"2, u=4.08 

Cu rvel/Equation=(2ul. 7sin(t))'2, u=0.84 
Curve2/Equation=(Susin(t))"2+5, u=0.73 

Curve 1/Equation=( u * 2 * sin(t)+cos(t}) "2, 
u=l.70 
Curve2/Equation=(2usin(t))"2, u=2.23 
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Curvel/Equation= usin{t)"2+cos(t)"2, 
u=l.49 
Curve2/Equation= (u*2*sin(t))A2, u=l.56 
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Cu rve 1/Equation= u (sin (t)cos(t) )' 2+6, 
u=O 
Cu rve 2/ Equation =us in ( t)cos ( t}) "2, 
u=4.13 

Cu rvel/Eq uation =u (sin (t)+cos(t)) '4, 
u=2.15 
Curve2/Equation=usin(t)"2, u=S.14 
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Curve 1/Eq u ati on= u (sin ( t )cos It I)' 2 +6, 
u=19 
Curve 2/Eq u atio n =us in { t) cos{ t)}" 2, 
u=4.13 

Cu rve 1/Equatio n =u( sin ( t )cos(t) )' 2 +6, 
u=0.1 
Curve2/Equation=2usin(t)"2, u=4.13 

12 

Curvel/Equation=usin(t}"2, u=lO 
Curve2/Equation=usin(t}"2, u=20 
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Form selection 

3 forms (1, 6, 12) have been selected based on the following criteria: 

1. The form should provide a semi-open space so that it can enhance 

the concept of playfulness by encouraging exploration, offering 

flexibility, and enhancing the connection to nature 

2. The shelter should provide the integration of stillness and 

movement qualities in support of the concept of a playful shelter 

Fabrication 2 
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Radiation analysis 
Among the 3 selected forms, form 12 receives the most amount of solar radiation which makes it a better 

option for energy generation by BIPVs. 

Form Plan Perspective Front Right 

1 

6 

12 
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Shadow study 
21st June, 9 A.M 

View 

Plan 

Perspective 

Forml Form6 

21st June, 12 A.M 

Form12 View 

Plan 

Perspective 

12 

Forml Form6 Form12 
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Shadow study, 21st June, 15 P.M 

A comparative analysis has been done based on the forms' area of shadow in 21st June. Although the 
shadow coverage of all 3 forms at 12 a.m are almost the same, form 12 's shadow coverage at 9 a.m and 

15 p.m is more than the other 2 forms. So, based on the radiation and shadow study, this form has been 

selected for the shelter. 

View Forml Form6 Form12 

Plan 

Perspective 
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Optimization 
Maximizing sola r rad iation can resu lt in maximizing solar panel effic iency because 

so lar panels convert th e energy from the sun's radiation into electrical energy. 

Therefore, the more solar rad iation that reaches the pane ls, the more electrica l 

energy they can produce. 

Here, an optimization of skin's shape has been done to maximize the incident 

so lar rad iation us ing the comb ination of Galapagus and Ladybug. The shape has 

been created from 2 curves each of which has a u value for its z coo rdinate. 

Changing the u value has resulted in diffe rent shape va riations. In the 

optim ization step, the u va lue range has been redefin ed and limited considering 

the functional considerations. The results shows the shape with maximum u 

va lue fo r both of the curves is an optim ized shape. 

ul=Min, u2=Max ul=Max, u2=Min 

ul=Max, u2=Max ul=Min, u2=Min 

M aximum incident radia~ 1138.84 kWh m"2 _____ v 
----·~-..J-~V---.-

Maximum incident radiation= 1151.79 kWh/m"2 
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Abstraction: Skin's feature 

Regional classification 

Chameleons can change different skin regions to different colours (due to a cellular classification) 

and while one region becomes more orange or red, another one becomes more bluish or whitish. 

The Schematic diagram represents different colors based on regional classification which is the 

principle of this project's abstraction to achieve a color-changing configuration. 

Chameleon's skin Regional classification as a principle for 
the color-changing feature abstraction 
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Abstraction: Skin's feature 

Parametric Design 

• • • • • • • 
Radiation analysis 
period=thewhole e----------­

year 

Specify radiation 
analysis period 

Skin's regional 
classification 

Put coloured 
photovoltaics 

Colou r them 

Colou r them 

Colour them 

Colour them 

Energy 
generation 

Color-changing iterative process 
inspired by chameleon 

Thermochromic coating PVs 

--4----o< 

-Aesthetically: 

Playful and responsive 

shelter 

-Environmentally 

1.Providing comfort for the 

people using the shelter {by 

creating different 

microclimates in different 

months and seasons, light 

colouring in the summer and 

dark colouring in th e winter) 

2.generating energy 
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Color changing iterations 

As expected, the coloration in warmer months of the year is lighter that the coloration in colder months 

of the year. This feature can affect the microclimate around the shelter and occupants' comfort in a 

positive way. 

February April June 
18 

The coloured solar panels have been used in order to maintain consistency in the design. This would help 

the solar panels blend in with the overall aesthetic of the design, rather than standing out as a jarring 

element. 

August October December 
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Coloration in a summer day 20 Coloration in a winter day 21 



Form-Iteration 1 

Form-lteration6 



Form-Iteration 12 
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Form-Optimization 
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Radiation analysis 

Import Location from EPW File 

~ 
weather URL epw_f ile 

- e stat_fi le 

_folder_ ddy_file 

r,o TMYx . z1p 

~ 
location 

dry _bul b_tem perature 

dew _po int_ tern peratu re 

relative_hurnidity 

wind_speed 

wind_direction 

direct_norrna l_rad 

diffuse_horizontal_rad 

_epw_file • global_horizontal_rad 

horizontal_infrared_rad 

direct_normal_ill 

diffuse_horizontal_ill 

glo ba I_ horizontal_ ii I 

total_sky_cover 

barometric_pressure 

model_year 

ground_temperature 

Analysis Period 

~ 
b-..,,.---<I _start_month_ 

_start_day_ 

_start_hour _ 

period 

_ end_month_ i •t hays 

_end_day_ 

_end_hour_ 

_timestep_ 
dates 

Create Sky Matrix 
~ 

north_ 

_location 

_direct_rad 

_diffuse_rad 

_hoys_ 

high_density_ 

_ ground_ref_ 

_folder_ 

{({ 

report 

sky_mtx 

Visualize Sky Matrix 

_sky_mtx report 

_center_pt_ 
mesh 

compass 

_Sc.ale_ ~ legend 

projection_ title 

show_comp_ 

legtnd_par _ 

patch_vecs 

patch_values 

mesh_values 

LB Incident Radiation 

_sky_mtx report 

_geo metry 

context_ 

points 

results 

_grid_size ~: total 

_offset_dist_ mesh 

legend_par_ 

_cpu_count_ 

_run 

legend 

tit le 

int_mtx 



Shadow study 

Final form 
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Direction of sun light at the selected 
time of the year 
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Shading result 



Coloration 

Locating solar panels on the shelter (based on the whole year solar radiation study) 

color-chan g meshes 
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