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Mo'va'on	  
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Mo'va'on	  
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35%	  of	  scenes	  in	  IKEA	  catalogue	  are	  CGI.	  



Advantages	  
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• Much  less  expensive
• Much  easier  for  customizaKon
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Ar'st’s	  goal	  

8	  



9	  

Input:  a  rough  scene,  objects  to  highlight,  and  an  iniKal  camera  view

Rough	  layout	  

Ar'st’s	  goal	  
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Highlight	  this	  chair	  
and	  this	  table	  

Ar'st’s	  goal	  
Input:  a  rough  scene,  objects  to  highlight,  and  an  iniKal  camera  view
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Ar'st’s	  goal	  

Camera	  view	  

Input:  a  rough  scene,  objects  to  highlight,  and  an  iniKal  camera  view



Output:  a  scene  with  opKmized  object  placement,  materials  
and  camera  view  that  produce  an  appealing  2D  composiKon.
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Ar'st’s	  goal	  



Challenges	  
•  Huge  search  space  to  explore
•  Many  principles/constraints  to  balance
•  Requiring  repeaKng  work  for  customizaKon

13	  



Challenges	  
•  Huge  search  space  to  explore
•  Many  principles/constraints  to  balance
•  Requiring  repeaKng  work  for  customizaKon

14	  

4*N	  +	  6	  parameters	  
•  3	  DOF	  per	  object	  
•  1	  material	  per	  object	  
•  6	  DOF	  for	  camera	  



Challenges	  
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Previous	  Work	  
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Image	  op'miza'on	  
[Liu	  et	  al.	  2010]	  

Camera	  op'miza'on	  
[Gooch	  et	  al.	  2001]	  

Scene	  op'miza'on	  
[Yu	  et	  al.	  2011]	  



Key	  Idea	  
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E({xi, yi,θi},{mi},C) = Eop +Eos +Eic +Ecp +E3d +Er

xi, yi :	  posi'on	  of	  object	  i	  on	  its	  suppor'ng	  surface	  
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E({xi, yi,θi},{mi},C) = Eop +Eos +Eic +Ecp +E3d +Er

θi :	  orienta'on	  of	  object	  i	  

xi, yi :	  posi'on	  of	  object	  i	  on	  its	  suppor'ng	  surface	  
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E({xi, yi,θi},{mi},C) = Eop +Eos +Eic +Ecp +E3d +Er

mi :	  material	  of	  object	  i	  

θi :	  orienta'on	  of	  object	  i	  

xi, yi :	  posi'on	  of	  object	  i	  on	  its	  suppor'ng	  surface	  
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C :	  camera	  parameters	  

mi :	  material	  of	  object	  i	  
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E({xi, yi,θi},{mi},C) = Eop +Eos +Eic +Ecp +E3d +Er

Eop,Eos,Eic,Ecp,E3d,Er :	  terms	  for	  composi'on	  rules	  

C :	  camera	  parameters	  

mi :	  material	  of	  object	  i	  

θi :	  orienta'on	  of	  object	  i	  

xi, yi :	  posi'on	  of	  object	  i	  on	  its	  suppor'ng	  surface	  



Key	  Idea	  

23	  

E({xi, yi,θi},{mi},C) = Eop +Eos +Eic +Ecp +E3d +Er

xi, yi
θi
mi

C

:	  posi'on	  of	  object	  i	  on	  its	  suppor'ng	  surface	  

:	  orienta'on	  of	  object	  i	  

:	  material	  of	  object	  i	  

:	  camera	  parameters	  

Eop,Eos,Eic,Ecp,E3d,Er :	  terms	  for	  composi'on	  rules	  

Never	  been	  considered	  before	  



Overview	  

• ComposiKon  rules  and  constraints

• OpKmizaKon

• ApplicaKons
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Terms	  for	  composi'on	  rules	  and	  constraints	  

1.  Object  placement  within  2D  frame
2.  Object  saliency  within  the  2D  frame
3.  Image  composiKon
4.  Camera  placement
5.  Object  constraints  within  the  3D  scene
6.  RegularizaKon
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Eop

Eos

Eic

Ecp

E3d
Er



Term	  1:	  Object	  placement	  within	  2D	  frame	  

•  Rule  of  thirds
•  Centeredness
•  Clearance
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Term	  2:	  Object	  saliency	  within	  the	  2D	  frame	  
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•  Visibility
•  Object  size
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•  Visibility
•  Object  size

Term	  2:	  Object	  saliency	  within	  the	  2D	  frame	  



Term	  3:	  Image	  composi'on	  
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•  Visual  balance
•  Color  contrast



Term	  3:	  Image	  composi'on	  
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•  Visual  balance
•  Color  contrast



Term	  4:	  Camera	  placement	  
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•  Canonical  views
•  Typical  views



Term	  4:	  Camera	  placement	  
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•  Canonical  views
•  Typical  views



Term	  5:	  Object	  constraints	  within	  the	  3D	  scene	  
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•  Collision  relaKonships
•  Support  relaKonships
•  SemanKc  constraints
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Term	  5:	  Object	  constraints	  within	  the	  3D	  scene	  
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•  Collision  relaKonships
•  Support  relaKonships
•  SemanKc  constraints



Term	  6:	  Regulariza'on	  
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Overview	  

• ComposiKon  rules  and  constraints

• OpKmizaKon

• ApplicaKons
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Energy	  func'on	  
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E({xi, yi,θi},{mi},C) = Eop +Eos +Eic +Ecp +E3d +Er

Con'nuous	  variables	   Discrete	  variables	  



Op'miza'on	  

•  ConKnuous  opKmizaKon  –  camera  view  and  object  placement

•  Discrete  opKmizaKon  –  materials
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Example	  1	  
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Overview	  

• ComposiKon  rules  and  constraints

• OpKmizaKon

• ApplicaKons
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Applica'ons	  

1.  Refining  rough  composiKons
2.  RetargeKng  for  different  aspect  raKos
3.  RetargeKng  for  different  cultural  preferences
4.  Text-‐incorporated  composiKon
5.  GeneraKng  detail  images  from  an  overview
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Applica'on	  1:	  Refining	  rough	  composi'ons	  
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Rough	  composi'on	   Op'mized	  composi'on	  



Applica'on	  1:	  Refining	  rough	  composi'ons	  
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User	  study	  



Applica'on	  1:	  Refining	  rough	  composi'ons	  
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User	  study	   Reference	  
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Applica'on	  1:	  Refining	  rough	  composi'ons	  
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Large-‐scale	  layout	   Refinement	  



Applica'on	  1:	  Refining	  rough	  composi'ons	  
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Large-‐scale	  layout	   Refinement	  

(Could	  have	  been	  off-‐
loaded	  to	  the	  computer)	  



Applica'on	  2:	  Retarge'ng	  for	  different	  aspect	  ra'os	  
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?	  
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Applica'on	  2:	  Retarge'ng	  for	  different	  aspect	  ra'os	  
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Applica'on	  2:	  Retarge'ng	  for	  different	  aspect	  ra'os	  
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App	  3:	  Retarge'ng	  for	  different	  cultural	  preferences	  
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App	  3:	  Retarge'ng	  for	  different	  cultural	  preferences	  
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App	  3:	  Retarge'ng	  for	  different	  cultural	  preferences	  
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Applica'on	  4:	  Text-‐incorporated	  composi'on	  
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Input	  

Applica'on	  4:	  Text-‐incorporated	  composi'on	  
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Extra	  terms	  for	  overlaid	  text	  
•  Contrast	  term	  

Input	  

Applica'on	  4:	  Text-‐incorporated	  composi'on	  
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Extra	  terms	  for	  overlaid	  text	  
•  Contrast	  term	  
•  Variance	  term	  

Input	  

Applica'on	  4:	  Text-‐incorporated	  composi'on	  
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Input	   Camera	  only	  

Applica'on	  4:	  Text-‐incorporated	  composi'on	  
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Input	   Our	  result	  Camera	  only	  

Applica'on	  4:	  Text-‐incorporated	  composi'on	  
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Applica'on	  5:	  Genera'ng	  detail	  images	  from	  an	  overview	  
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Applica'on	  5:	  Genera'ng	  detail	  images	  from	  an	  overview	  
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A	  Perceptual	  Study	  

Comparing	  the	  results	  of	  our	  method	  and	  op'mizing	  camera	  only.	  

Kitchen	   Study	   Living	  room	  



Expert	  Study	  Results	  
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ID	   Ours	   Camera	  Only	   No	  preference	  

Expert	  1	   22	   12	   2	  

Expert	  2	   17	   14	   3	  

Expert	  3	   22	   11	   3	  

Expert	  4	   21	   12	   3	  



Amazon	  Mechanical	  Turk	  Study	  
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Amazon	  Mechanical	  Turk	  Study	  
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If	  null	  hypothesis	  is	  there	  is	  no	  preference,	  	  
•  Our	  method	  is	  preferred	  in	  26/36	  cases.	  
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If	  null	  hypothesis	  is	  there	  is	  no	  preference,	  	  
•  Our	  method	  is	  preferred	  in	  26/36	  cases.	  
•  No	  sta's'cal	  significance	  in	  8	  cases.	  



Amazon	  Mechanical	  Turk	  Study	  
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If	  null	  hypothesis	  is	  there	  is	  no	  preference,	  	  
•  Our	  method	  is	  preferred	  in	  26/36	  cases.	  
•  No	  sta's'cal	  significance	  in	  8	  cases.	  
•  Camera	  only	  is	  preferred	  in	  2	  cases.	  



Summary	  

•  Moving  objects  and  changing  materials  significantly  improves  
the  quality  of  composiKons.

•  Our  opKmizaKon  framework  benefits  a  variety  of  applicaKons.
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Limita'on	  and	  future	  work	  
•  InteracKve  scene  opKmizaKon
•  Global  illuminaKon
•  AddiKonal  composiKon  rules
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FAKTUM kitchen with RUBRIK stainless 
steel doors and drawer fronts $3890 RUBRIK 
doors/drawer fronts in stainless steel. Styled 
with VÄRDE nickel-plated handles and PRÄGEL 
black mineral effect worktop in melamine foil.

COOKING

COOKING.
The kitchen is more than a room where we cook. It’s the heart of the home, 

the busiest spot in the house, the headquarters for everyday activity.  

It’s where every day begins and every good party ends. Where leftovers get  

a second chance and you always get to lick the spoon. You could say, that the 

kitchen is one of the most important rooms in your home. Because if the  

kitchen doesn’t work, then nothing else works either. We believe that kitchens 

are what we make them, and that no dream is too crazy to turn into a reality. 

FAKTUM/RUBRIK kitchen

$3890
What’s in the kitchen price? See page 309.

92

10m²

Kitchen assembly and installation service

Basic installation* $1460

Price for this kitchen  
incl. basic installation* $5350
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Symmetry	   Vanishing	  points	  
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Thank	  you!	  
Take-‐away  message
•  Moving  objects  and  changing  materials  significantly  improves  

the  quality  of  composiKons.
•  Our  opKmizaKon  framework  benefits  a  variety  of  applicaKons.
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