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The  r esea rch  p resen t s  a  me thodo logy  and  t oo l  deve l opmen t  wh i ch  de l i nea tes 

a  pe r f o rmance-based  des i gn  i n t eg ra t i on  t o  add ress  t he  des i gn ,  s imu l a t i on , 

and  p rov i ng  o f  an  i n t e l l i gen t  bu i l d i ng  sk i n  des i gn  and  i t s  impac t  on  day l i gh t i ng 

pe r f o rmance .  Th rough  t he  des i gn  o f  an  a l go r i t hm and  pa rame t r i c  p rocess 

f o r  i n t eg ra t i ng  day l i gh t i ng  pe r f o rmance  i n to  t he  des i gn  phase  an  au toma ted 

con f i gu ra t i on  eva l ua t i on  i s  ach i eved .  Spec i f i ca l l y  t he  t oo l  enab l es  des i gn 

exp lo r a t i on  o f  sem i  au tonomous  and  f u l l y  au tonomous  con f i gu ra t i ons  o f  an 

ex te r i o r  bu i l d i ng  enve l ope  l ouve r  s ys tem.  The  r esea rch  s i t ua tes  i t se l f  i n  t he  f i e l d 

o f  i n t e l l i gen t  bu i l d i ng  sk i ns  and  adds  t o  t he  ex i s t i ng  so l u t i ons  a  va l i da t i on  o f 

s ys tems  w i t h  i n t e rdependen t  l ouve r s  o f  va r y i ng  t i l t  ang l es .  The  sys tem i s  des i gned 

to  r espond  to  dynam ic  day l i gh t i ng  cond i t i ons  and  occupan ts ’  p re f e rences .  W i t h i n 

t he  f r amewo rk  o f  t h i s  s t udy,  G rasshoppe r,  Rh i no ,  Ga l apagos  and  D IVA ,  a re  l i n ked 

and  coded  i n to  one  i n t eg ra ted  p rocess ,  f ac i l i t a t i ng  des i gn  op t i onee r i ng  w i t h  nea r 

r ea l  t ime  f eedback .  The  pape r  conc l udes  w i t h  a  desc r i p t i on  o f  t he  t oo l  se t ’s 

ex t ens ib i l i t y,  f u t u re  i nco rpo ra t i on  o f  doma in  i n t eg ra t i on ,  and  con f l a t i on  o f  na tu r a l 

and  phys i ca l  s ys tem i n t e r ac t i on  and  comp lex i t y. 

Keywo rds :  k i ne t i c  f acades ,  pa rame t r i c  des i gn ,  des i gn  i n t eg ra t i on ,  day l i gh t i ng , 

pe r f o rma t i ve  des i gn ,  des i gn  op t i onee r i ng ,  r ea l t ime  f eedback
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1 Introduct ion

He igh tened awareness  o f  the  impor tance  o f  i n teg ra t i ng  pe r fo rmance  c r i t e r i a  i n to 

des ign  p rocess  has  gene ra ted  resea rch  and  deve lopment  o f  computa t i ona l  too ls 

fo r  numerous  env i ronmenta l  and  s t ruc tu ra l  pe r fo rmance  spec ia l t i es  (Ko la rev ic  and 

Ma lkaw i  2005,  Shea  2005 ) .  Cu r ren t  Compute r-A ided  Des ign  and  Eng inee r i ng  (CAD/

CAE)  too ls  a l l ow a rch i tec ts  and  eng inee rs  to  s imu la te  many  d i f f e ren t  aspec ts  o f 

bu i ld ing  pe r fo rmance  (e .g .  f i nanc ia l ,  s t ruc tu re ,  ene rgy,  l i gh t i ng )  (Ge rbe r   2009, 

F i sche r  2006 ) .  Howeve r,  des igne rs  a re  o f ten  unab le  to  l eve rage  s imu la t i on  too ls 

ea r l y  i n  the  des ign  p rocess  due  to  t ime  requ i red  to  comp le te  a  des ign  cyc le 

i nvo l v i ng  the  gene ra t i on  and  ana l ys i s  o f  a  des ign  op t ion  us ing  mode l -based CAD/

CAE too ls  (Ge rbe r  2007,  F l age r  and  Haymake r  2007 ) .   H igh  des ign  cyc le  l a tency 

i n  cu r ren t  p rac t i ce  has  been  a t t r i bu ted  to  so f twa re  i n te rope rab i l i t y  (Ga l l ahe r, 

O ’Connor  e t  a l .  2004 ) ,  l ack  o f  co l l abo ra t i on  be tween  des ign  d i sc ip l i nes  (Ak in 

2002;  Zhao  and  J in  2003;  Ho l ze r,  Tengono e t  a l .  2007 ) ,  among o the r  i ssues .  Wh i l e 

i n te rac t i ve  a rch i tec tu re  and  bu i ld ing  i n te l l i gence  i s  a  top ic  o f  cu r ren t  d i scou rse ,  the 

resea rch  p resen ts  a  so lu t i on  fo r  enab l i ng  pe r fo rmance  eva lua ted  i n te l l i gence  o f  a 

s imu la ted  bu i ld ing  sk in .  He re  i n te l l i gence  i s  unde rs tood as  a  respons i ve  too l ,  wh ich 

au tonomous l y  makes  con f igu ra t i on  dec is ions  i n  sea rch  o f  an  adap t i ve  equ i l i b r i um to 

accommodate  and  op t im i ze  a  comp lex  se t  o f  env i ronmenta l ,  and  human pe r fo rmance 

c r i t e r i a  (C lements -Croome 2004 ) . 

Th i s  pape r  p rov ides  resea rch  tha t  b r idges  the  gap  be tween  a rch i tec ts  and  eng inee rs , 

by  address ing  the  l im i t a t i ons  assoc ia ted  w i th  i nco rpo ra t i ng  pe r fo rmance  c r i t e r i a , 

he re  i n  pa r t i cu la r  the  ha r ves t i ng  and  op t im i z i ng  o f  day l i gh t i ng  th rough  the  des ign , 

s imu la t i on ,  and  semi -au tonomous  eva lua t ion  o f  a  s imp le  respons i ve  and  in te l l i gen t 

k i ne t i c  f açade  sys tem.  The  i n te l l i gen t  ac tua t ion  op t im i zes  day l i gh t -de f l ec t i on  fo r 

ma in ta in ing  an  op t ima l  l um inous  i ndoor  env i ronment .  Un ique l y  the  too l  exp lo res 

and  va l i da tes  the  concep t  o f  i ndependen t  t i l t - ang le  fo r  ex te r i o r  bu i ld ing  enve lope 

louve r  sys tem. 

The  resea rch  enab les  doma in  i n teg ra t i on  and  quan t i t a t i ve  des ign  op t ionee r i ng 

fu r the r  reduc ing  des ign  cyc le  l a tency  th rough  rap id  des ign  a l te rna t i ve  gene ra t i on 

and  s imu l taneous  eva lua t ion .  The  resea rch  ex tends  the  deve lopment  o f 

pe r fo rmance-based des ign  i n teg ra t i on  us ing  rea l  t ime  feedback  o f  da ta  p rocessed 

by  techno log ies  f rom th ree  doma ins :  (1 )  a rch i tec tu ra l  des ign ,  (2 )  phys ics  based 

day l i gh t i ng  pe r fo rmance  and  (3 )  pa ramet r i c  and  a lgo r i t hm ic  des ign  computa t i on . 

The  pape r  demons t ra tes  an  i n te l l i gen t  bu i ld ing  sk in  day l i gh t  op t im i za t i on  and 

conc ludes  w i th  imp l i ca t i ons  o f  the  method and  too l  to  i nc rease  doma in  i n teg ra t i on 

and  improve  upon  des ign  comp lex i t y  management  o f  f u tu re  na tu ra l  and  phys ica l 

sys tem inco rpo ra t i ons .

Fig. 1

Figure 1. Diagram of the operational logic of the 

‘Building Skin Intelligence’ algorithm and data flow
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2 Problem Def in i t ion

Our  resea rch  ta rge ts  a  se r i es  o f  i n te r l i nked  des ign  and  eng inee r i ng  p rob lems:  one , 

des ign  i n teg ra t i on  th rough  too l  deve lopment ;  two ,  des ign  p rocess  improvement 

th rough  the  i nco rpo ra t i on  o f  phys ics  based mode l i ng  and  rea l  wo r ld  dynamics 

and  comp lex i t y ;  and  th ree ,  so lu t i ons  fo r  ea r l y  s tage  dec is ion  mak ing  and  a  p r io r i 

me thods  fo r  m in im i z i ng  ene rgy  and  ca rbon  foo tp r i n t  o f  bu i ld ings .  L igh t i ng  accoun ts 

fo r  20-25% (Ander  2003 )  o f  the  to ta l  e lec t r i ca l  ene rgy  use  i n  bu i ld ings ,  and  in 

the  commerc ia l  bu i l d ings  30-50% (Ph i l l i ps  2004 ) .  S ign i f i can t  ene rgy  sav ings  can 

be  ga ined  i f  t he  des ign  p rocess  encompasses  though t fu l  day l i gh t i ng  s t ra teg ies 

i nco rpo ra ted  i n to  the  des ign  p rocess .  As  a  ru le  o f  thumb,  each  un i t  o f  e lec t r i c 

l i gh t  requ i res  an  add i t i ona l  one-ha l f  un i t  o f  e lec t r i c i t y  fo r  space  cond i t i on ing  (Ande r 

2003 )  fu r the r  exace rba t i ng  runn ing  cos ts .  Improved day l i gh t i ng  des ign  i nc reases 

the  e f f i c i ency  o f  l i gh t i ng  by  u t i l i z i ng  l ess  e lec t r i ca l  l i gh t i ng  and  exp lo i t i ng  ava i l ab le 

na tu ra l  l i gh t  tha t  has  been  p roven  to  resu l t  i n  be t te r  worke r ’s  p roduc t i v i t y  and  mora le 

(Ande r  2003 ) .  The  day l i gh t i ng  p ro fess ion  uses  many  so lu t i ons  fo r  pe r fo rmance-

based des ign ;  k ine t i c  f açade  sys tems a re  amongs t  these  so lu t i ons .  Howeve r,  a 

rea l  wo r ld  p rob lem ex i s ts ;  k i ne t i c  l ouve r  sys tems have  ye t  to  be  des igned to  work 

fo r  day l i gh t  th row op t ima l i t y  and  qua l i t y  o f  l um inous  env i ronments .  The re fo re  the 

resea rch  asks  the  ques t ion ,  how one  des igns  a  respons i ve  k ine t i c  l ouve r  sys tem 

au tonomous l y  so  as  to  mos t  e f f i c i en t l y  ha r ves t  day l i gh t .  The  pu rpose  o f  wh ich  i s 

to  reduce  a  bu i ld ing ’s  ove ra l l  ene rgy  foo tp r i n t  wh i l e  max im i z ing  human comfo r t  and 

he re  i n  pa r t i cu la r  l i gh t i ng  fo r  work ing  cond i t i ons .

Th is research addresses a nar row d ig i ta l  des ign problem and speci f ic  per formance 

in tegrat ion and opt imizat ion,  that  of  des ign ing for  hyper ef f ic ient  day l ight  harvest ing 

through k inet ic and semi-autonomous externa l  louver  systems. The research exper iment 

incorporates the use of  parametr ic  des ign methodolog ies,  a lgor i thmic des ign,  dynamic 

s imulat ion,  and fur ther  va l idates the importance of  des ign computat ion and automat ion 

for  harness ing and ‘design ing in ’  issues of  pro ject  per formance complex i ty. 

3 ‘Designing-in’  the Dayl ight Performance Workf low

Through the incorporat ion of  k inet ic and autonomous systems, des igners are be ing 

exposed to the cha l lenges and l imi ta t ions of  incorporat ing mot ion in to geometry 

model ing and formal  des ign (W ierzb ick i -Neagu 2005) and more poignant ly  the 

Fig. 2a

Fig. 2b

Figures 2a/b. Elevation and 3D views of sub 

set of louver configuration simulations showing 

the transparency to the outdoor environment, 

highlighting parameter values in conjunction with 

user viewing and daylight penetration and quality
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va l idat ion of  per formance cr i ter ia  in  these des ign cent r ic  phases.  A key feature wi th in 

the workf low, the tack l ing of  complex i ty  and per formance of  k inet ic façade des ign, 

is  the in tegrated day l ight ing s imulat ion and eva luat ion process enabled through the 

l ink ing of  parametr ic  and a lgor i thmic too l  sets.  The ef f ic iency and des ign cyc le la tency 

reduct ion of  our  methodology is  ach ieved through the newfound abi l i ty  o f  a des igner 

to rap id ly  des ign opt ioneer -  generate and eva luate des ign a l ternat ives -  and through 

domain speci f ic  too l  in tegrat ion.  The workf low presented leverages the in teroperabi l i ty 

between the parametr ic  and a lgor i thmic too ls descr ibed subsequent ly,  which a l low for 

the execut ion of  k inet ic façade des igns that  requi re rea l t ime feedback and seamless 

data st reaming. 

The workf low operates in a c losed- loop cont ro l  system where day l ight ing data is  be ing 

cont inuous ly  fed to a layer  of  s imulated work-p lane sensors which detect  changes in 

the env i ronmenta l  condi t ions or  occupants ’  behav ior,  which then t r iggers the system 

to actuate,  eva luate and se l f  opt imize to mainta in the des i red luminous condi t ions.  The 

log ic incorporated requi res def in ing the fo l lowing per formance cr i ter ia :  (1 )  i l luminance 

and (2)  luminous d is t r ibut ion (cont rast  ra t io ) ,  and a set  of  inputs upon which the search 

process operates.  These inputs inc lude user  preferences/task requi rements,  weather 

data,  and externa l  or  in terna l  sur face re f lect ions (F igure 1) .  A l l  except the user  input/

task requi rements are co l lected through DIVA for  s imulat ion purposes,  which ca l ls 

Radiance for  per forming day l ight ing ca lcu lat ions.  The user  input  symbol izes changes 

in tasks-act iv i t ies in space.

The research and exper iment is  based on the use of  of f  the she l f  parametr ic  too ls and 

the custom coding and l ink ing of  these too ls to s imulate and eva luate a rea l  wor ld 

condi t ion:  that  of  day l ight  throw, quant i ty  and qua l i ty.  Through background l i te rature 

rev iew and survey we have not  found an ex is t ing too l  and methodology to opt imize 

ef f ic ient ly  the complex in teract ion proposed and in par t icu lar  the des ign ing of  a system 

which va l idates independent t i l t  ang le of  an in te l l igent  externa l  k inet ic louver  system. 

The exper iment des ign uses a s impl i f ied of f ice space which is  modeled wi th in a 

parametr ic  des ign engine,  Rhinoceros/Grasshopper.  Through the def in ing of  a set 

of  var iab les:  geometr ies of  the k inet ic louver  system, the per formance and space 

dr iven const ra in ts,  and a set  of  des ign dr ivers,  the too l  (1 )  automates i terat ion upon 

parameter  va lue changes, and (2)  externa l izes them to in ter face wi th an a lgor i thmic 

eva luat ion and opt imizat ion technique. Most  s ign i f icant ly,  the use of  such too ls does 

not  on ly  a l low for  rap id generat ion of  des igner  dr iven des ign a l ternat ives,  enabl ing 

des ign explorat ion of  a la rger  so lut ion space wi thout  extending des ign cyc le la tency, 

but  incorporates instant  eva luat ion of  day l ight  per formance when façade e lements 

actuate or  env i ronmenta l  condi t ions change. 

The  work f l ow uses  the  fo l l ow ing  too ls  to  deve lop  the  log ic  o f  the  a lgo r i t hm:  (1 ) 

Rh inoce ros  as  the  3D NURBS-based mode l i ng  p rog ram;  (2 )  Grasshopper  as  the 

g raph ica l  pa ramet r i c  de f i n i t i on  and  au tomat ion  p la t fo rm;  (3 )  D IVA  as  a  day l i gh t i ng 

s imu la t i on  too l  wh ich  suppor ts  a  se r i es  o f  pe r fo rmance  eva lua t ions  i nc lud ing  l i nks 

Fig. 3

Figure 3. Illustration of parametric logic of louvers 

within Grasshopper Algorithm
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t o  Rad iance ,  Days im,  and  Eva lg l a re ;  and  (4 )  Ga lapagos  as  the  gene t i c  a lgo r i t hm 

componen t  fo r  Grasshopper.  An ima ted  bu i ld ing  pe r fo rmance  can  be  ach ieved 

th rough  us ing  a  D IVA  componen t  i n  the  Grasshopper  sc r ip t ,  wh ich  p rov ides  dynamic 

v i sua l i za t i on  o f  day l i gh t i ng  pe r fo rmance .  The  i n teg ra t i on  p rov ides  des igne rs  w i th 

i ns tan t  feedback  o f  bu i ld ing  pe r fo rmance  by  re f l ec t i ng  the  resu l t s  on  the  a rch i tec tu ra l 

mode l  i n  the  Rh inoce ros  scene  us ing  fa l se-co lo r  mapp ings ;  hence ,  f ac i l i t a t i ng  the 

dec is ion  mak ing  a t  the  schemat ic  des ign  s tage  (Lag ios ,  e t  a l .  2010 ) .  The  a lgo r i t hm 

i s  used  as  a  des ign  too l  fo r  exp lo r i ng  k ine t i c  f açades  geomet r i es  and  ac tua t ion 

scena r ios  fo r  op t im i z i ng  day l i gh t i ng  pe r fo rmance  a t  d i f f e ren t  t imes  o f  the  yea r.

3.1  PARAMETRIC PROCESS AND ALGORITHM DESCRIPTION

The  too l  i s  deve loped f i r s t  as  a  pa ramet r i c  mode l  i n  wh ich  va r i ab le  geomet r i es  a re 

de f i ned  and  f i xed  o r  cons t ra in ts  a re  assoc ia ted .  The  3D mode l  and  componen ts  a re 

then  ac tua ted  th rough  the  a lgo r i t hm s imu la t i ng  i n te l l i gen t l y  eva lua ted  i ndependen t 

t i l t  ang le  l ouve r  sys tem con f igu ra t i ons  (F igures  2a/b ) .  G i ven  two independen t l y -

ac tua t i ng  façade  l aye rs ,  the  a lgo r i t hm ’s  geomet r y  de f i n i t i on  i s  sp l i t  i n to  two  ang le 

con t ro l s  each  o f  wh ich  ope ra tes  one  l aye r  o f  the  louve rs  (F igure  3 ) .  The  des ign  o f 

the  seconda r y  sk in  o r ig ina tes  i n  Rh ino ,  f rom a  s imp le  pa i r  o f  rec tangu la r  l ouve rs . 

The  resea rch  de f i ned  va r i ab les  fo r  sk in  a l t e ra t i ons  a re  the  ro ta t i on  ang le  o f  the 

louve rs  and  the  d i s tance  be tween  them.  The  ro ta t i on  ang le  i s  se t  to  a  range  o f  0 ⁰ 
to  180 ⁰  f o r  eve r y  o the r  l ouve r,  whe re  0 ⁰  to  90 ⁰  a l l ows  fo r  a  “shad ing ”  con f igu ra t i on , 

and  90 ⁰  to  180 ⁰  a l l ows  fo r  day l i gh t  “ red i rec t ion . ”  A  range  o f  0 .50m to  2 .00m i s 

se t  as  the  d i s tance  be tween  louve rs .  Th i s  enab les  d i f f e ren t  con f igu ra t i ons  tha t 

a l l ow louve rs  to  ove r l ap  fo r  more  su r face  re f l ec t i ons ,  l ess  obs t ruc t ion ,  more  l i gh t 

pene t ra t i on  and  be t te r  v i ews  o f  the  ou tdoo r  env i ronment .

Then  w i th in  the  a lgo r i t hm,  the  louve r  geomet r y  i s  connec ted  to  the  day l i gh t i ng  ana l ys i s 

componen t ,  D IVA  ve rs ion  1 .1  wh ich  uses  Rad iance  as  the  day l i gh t i ng  ca lcu la t i on 

eng ine .  Resu l t s  a re  passed s imu l taneous l y  to  two  ma in  eva lua t ion  func t ions  o f  the 

a lgo r i t hm –  (1 )  i l l um inance  and  (2 )  l um inous  d is t r i bu t ion  -  ca lcu la t i ons .  These  va lues 

a re  f i l t e red  based on  the  I l l um ina t i ng  Eng inee r i ng  Soc ie t y  o f  No r th  Amer ica  ( I ESNA) 

recommenda t ions  fo r  i l l um inance  leve ls  i n  o f f i ce  spaces  wh ich  range  f rom 300 lux  to 

1500 lux ,  depend ing  on  the  t ype  o f  t asks  ( I ES  Nor th  Amer ica  2000 ) .  The  a lgo r i t hm 

then  eva lua tes  the  space  fo r  th ree  pa r t i cu la r  c r i t e r i a ,  whe the r :   (1 )  75% o f  the  nodes 

a re  w i th in  des i red  i l l um inance  range  (300-1500 lux ) ;  (2 )  t he  l um inous  d is t r i bu t ion  i n 

te rms o f  con t ras t  r a t i o  be tween  h ighes t  and  lowes t  node  va lues  exceeds  1 :10  ( IES 

Nor th  Amer ica  2000 ) ;  and  (3 )  whe the r  the  nodes  –  beyond a  d i s tance  tw ice  w indow 

he igh t  –  a re  w i th in  accep tab le  i l l um inance  range .  A l l   va lues  a re  then  sen t  to  the 

gene t i c  a lgo r i t hm.  These  va lues  a re  then  so r ted  i n  a  descend ing  o rde r.  The  ta rge t 

o f  the  s tudy  i s  to  b r i ng  a t  l eas t  75% o f  the  36  work -p lane  ca lcu la t i on  po in ts  i n to 

the  range  fo r  accep tab le  l um inous  env i ronment .  A f te r  wh ich  a  se r i es  o f  “ l i s t  i t em” 

componen ts  a re  used to  ex t rac t  the  va lues  o f  75% o f  the  to ta l  nodes  i ns ide  the 

space ;  hence  the  “mass  add i t i on ”  o f  75% o f  the  nodes  shou ld  g i ve  a  to ta l  o f  “27” , 

i n  case  o f  an  accep tab le  scheme.  I f  t he  to ta l  va lue  i s  l ess  than  “27” ,  the  scheme i s 

cons ide red  unaccep tab le .

Concu r ren t l y,  wh i l e  resu l t s  a re  eva lua ted  fo r  i l l um ina t ion  l eve l s ,  ano the r  func t ion 

o f  the  a lgo r i t hm i s  tes t i ng  the  resu l t s  fo r  l um inous  d is t r i bu t ion  (con t ras t  r a t i o ) 

eva lua t ion .  S ince  the  i l l um inance  va lues  have  been  so r ted  i n  a  descend ing  o rde r, 

the  h ighes t  po in t  w i l l  have  an  i ndex  o f  “0 ”  and  the  lowes t  va lue  w i l l  have  an  i ndex  o f 

“26” ;  bo th  va lues  a re  ex t rac ted  us ing  the  “ l i s t  i t em”  componen t  and  d i v ided  by  each 

o the r.  I f  t he  resu l t an t  numer ic  va lue  i s  w i th in   1 :10  ra t i o  fo r  l um inous  d is t r i bu t ion  o r 

con t ras t  r a t i o ,  the  scheme i s  cons ide red  accep tab le  and  the  oppos i te  i s  co r rec t .

I n  o rde r  to  add to  the  e f f i cacy  o f  the  expe r imen t ,  a  gene t i c  a lgo r i t hm has  been 

inco rpo ra ted  i n to  the  de f i n i t i on  to  enab le  a  sea rch  o f  the  bes t  sk in  con f igu ra t i on  a t 

spec i f i c  da tes  and  t imes ,  and  unde r  d i f f e ren t  sky  cond i t i ons .  The  gene t i c  a lgo r i t hm 

works  on  f i nd ing  a  subop t ima l  so lu t i on  tha t  f i t s  ce r ta in  pa ramete rs  and  cond i t i ons , 

p rede f i ned  by  the  des igne r.  Ga lapagos  –  a  gene t i c  a lgo r i t hm componen t  –  i s  used 

and  run  based on  ou r  “one”  numer ic  f i t ness  va lue  wh ich  i s  a  resu l t  o f  d i v id ing  the 

Fig. 4

Figure 4. 2 illuminance node point value maps 

from the DIVA plug-in simulations for 2 different 

time samples, 9AM and noon for one of the 156 

simulation runs
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va lue  o f  i l l um inance  (numera to r )  by  the  l um inous  d is t r i bu t ion  va lue  (denomina to r ) ; 

Ga lapagos  works  on  max im i z ing  the  f i t ness  va lue .  The  a lgo r i t hm ope ra tes  by 

randomly  gene ra t i ng  numerous  sk in  con f igu ra t i on  louve r  comb ina t ions ,  eva lua t i ng  a 

d i f f e ren t  con f igu ra t i on  each  t ime ,  reco rd ing  the  resu l t s ,  and  so  on  un t i l  i t  hones  i n 

on  a  g roup  o f  sk in  con f igu ra t i ons  tha t  max im i ze  the  qua l i t y  and  th row o f  day l i gh t i ng , 

f a l l s  w i th in  the  i nd ica to rs ’  bounda r ies ,  and  have  the  h ighes t  numer ica l  f i t ness  va lue 

as  des i red .

4 Tool  Val idat ion and Data Analysis

The  expe r imen ta l  se t  up  i s  des igned to  va l i da te  an  op t im i zed  day l i gh t i ng  pene t ra t i on 

wh i l e  ma in ta in ing  l i gh t i ng  qua l i t y,op t ima l  i l l um ina t ion  and  even  l um inous  d is t r i bu t ion . 

The  too l  has  been  tes ted ,  th rough  s imu la t i ng  a  se r i es  o f  t i l t - ang les  a t  d i f f e ren t 

t imes  o f  the  yea r :  March  21 st,  June  21 st,  and  December  21 st,  each  a t  9 :00am 

and 12 :00pm fo r  c lea r  and  ove r-cas t  sky  cond i t i ons .  Our  s tudy ’s  s imu la t i on  cases 

a re  based on  a  p receden t  va l i da t i on  method and  samp l i ng  o f  va r ious  t i l t  ang les 

de r i ved  by  McGu i re ;  howeve r,  th i s  resea rch  ex tends  beyond in te rna l  b l i nds  and 

ce i l i ng  i l l um inance  to  the  more  impor tan t  env i ronmenta l  f ac to rs  o f  the  l um inous 

env i ronment  qua l i t y  (McGu i re  2005 ) .  Beyond the  p receden t  resea rch ,  ou r  samp l i ng 

i nc ludes  d i f f e ren t  t i l t - ang les  i n  shad ing ,  re -d i rec t i ng  and  comb ined  con f igu ra t i ons .

A  gene r ic  o f f i ce  space  w i th  d imens ions  o f  6 .00m w id th ,  7 .50m dep th ,  and  fu l l y -

g lazed  he igh t  o f  3 .00m i s  mode led  i n  Rh inoce ros .  The  i n te r i o r  su r faces  a re  ass igned 

re f l ec tance  o f  80% fo r  ce i l i ng ,  50% fo r  wa l l s ,  and  20% fo r  f l oo r.  The  ex te rna l  l ouve r 

sys tem i s  ass igned a  re f l ec tance  va lue  o f  90%.  The  open ing  i s  ass igned gene r ic 

doub led  g lazed  mate r i a l  w i th  72% v i sua l  t r ansm i t t ance .  A  ca lcu la t i on  g r id  i s  p laced 

a t  a  work -p lane  he igh t  o f  0 .75m and d i v ided  in to  36  ca lcu la t i on  i l l um inance  nodes . 

Los  Ange les  i s  chosen  to  be  the  loca t ion  o f  the  tes t  due  to  i t s  c l ima te  da ta  (NCDC 

2011 ) .

Figure 4 presents two of the 156 simulation runs performed in this study. The shading 

35º-55º scheme showed 61% of the work-plane nodes within a desirable i l lumination 

range. This configuration presented successful results at 9:00am on December 21st and at 

9:00am on June 21st; 71.4% and 77.2%, of the entire surface fel l within the recommended 

i l lumination range, respectively. This louver configuration resulted in a contrast ratio of 

approximately 10% which, according to IES, is an acceptable luminous performance. The 

combined 24º-156º scheme showed only 42% of the nodes fal l ing within the recommended 

i l lumination range; it does not meet the objective of the algorithm. Though the configuration 

can be understood as in part unsuccessful, i.e. out of range, it in fact emphasizes a 

validation of an ‘ intel l igent’skin, namely that it can self- optimize per user input and may 

not always default to overall optimized daylight harvest and uniformity. For example, if the 

occupant is working on high-contrast tasks at the back of the space, desired i l lumination 

levels can be closer to the lower boundaries (300 lux) of the recommended range, providing 

adequate i l lumination at 3.00m from the window and beyond. If the occupant switches 

to a low contrast task, he/she wil l require more i l lumination closer to the upper boundary 

(1500 lux) of the recommended range (Figure 5); though it wil l result in undesired levels 

at distances closer than 4.50m from the window. What is crit ical is that the system design 

Fig. 5

Figure 5. Graphs illustrating the data and analysis 

from the testing of the system, demonstrating 

illuminance values over distance from window wall 
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can be asked to optimize for both task specif ic and overall generic daylight harvesting and 

l ight quality.

The data most signif icantly i l lustrates an increased throw and improved upon distribution 

of daylighting while including input from user driven workplane task l ight requirements. The 

research methodology and algorithm has been specif ically l imited to integrating i l lumination 

levels, luminous distribution (contrast ratio), and the penetration depth of daylighting into 

the space. The research was further l imited by data exchange capabil it ies of DIVA 1.1 in its 

current version. However, manual simulations were performed to validate the quantitative 

results. The manual simulations were run for 13 configurations, each of which had 12 

conditions, a sampling of 156 simulation runs, drawn from the precedent study by (McGuire 

2005). Given the l imitations, the selected configurations are not necessari ly what the 

algorithm would have picked autonomously as optimal solutions. However, as a means to 

validate the results which indicate clearly an improved upon daylight throw and quality, the 

sampled configurations do i l lustrate a quantif iably increased harvest in conjunction with the 

user defined preferences and scenarios. This increase in daylight throw from 2X to 2.5X the 

window wall height is considered signif icant within the daylight harvesting community and 

within the interactive architecture community.The successful incorporation of user defined 

task environment preferences is as well (Wyckmans 2005). 

5 Conclusions

The paper presents the current state of a new methodology and the development of a 

parametric and algorithmic tool implementation to simulate daylight eff iciency for design 

centric phases of architecture. While the experiment design is at present simplif ied the 

research clearly indicates that through the incorporation of daylighting sciences, design 

computation and an empirical research methodology, design teams can begin to implement 

the system to manage the simulation and evaluation of daylighting during the design 

process. The study showed the enhancing of daylighting performance in indoor spaces 

in complex response to occupants’ preferences and task requirements. Most poignantly 

the research proves that through the automation of independent t i l t angles the ‘Building 

Intel l igent Skin ’ system can improve signif icantly, from 2X to 2.5X upon daylight harvesting 

throw and luminance optimality. The tool, methodology, analysis and findings demonstrate 

that the research contributes to the three problems enumerated; design domain integration, 

designing-in real world complexity, and finally minimizing building energy footprints.

6 Future Work

The future domain integrations include the application of the tool and methodology to 

more complex geometry, intr insic and extrinsic to the ‘Building Intel l igent Skin ’ System; 

the incorporation of more complex and precise energy performance factors; and finally 

the integration of social sciences and human behavior to better ‘design-in’ the real world 

complexity of natural and physical system interactions. The Phare tower in Paris by Morphosis 

is the init ial case study for the research to be completed. While the tower incorporates an 

“optimized” static skin system that enhances the energy performance of the architecture 

and maximizes the glare-free daylit indoor spaces (Morphopedia  2011), it does not provide 

the occupants with optimal i l lumination over a course of changing solar conditions. And 

because it lacks intel l igent-responsive kinetic capabil it ies, the external louvers skin is not 

capable of optimizing i l lumination at al l t imes of the year. This problem presents an ideal 

real-l i fe case study for validating the effectiveness of the proposed technique in the real 

world. Fundamentally the work wil l seek to contribute further to design domain integration 

and design optioneering through completing and analyzing its applications to real world 

projects.
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