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D+%(2!#.>'*1/%.>!-9%@'1!+M!!
-.>++*!'.N-*+.9'./1!

2 

O5%/!>+'1!#.>'*1/%.>-.@!!
%.!-9%@'!9'%.P!

4 

Understand 
content in 2D 

(indexing, 
image search) 

cabinet 

chair 

ceiling 

O5%/!>+'1!#.>'*1/%.>-.@!!
%.!-9%@'!9'%.P!

5 

Reconstructing the 3D world that generated an image:  
What is where in 3D 

 
Table Cabinet 



Q&!-.M+*9%R+.!-1!#1'M#(!SJT!
B44(-$%R+.2!U.9%..'>!.%N-@%R+.!

6 

Table Cabinet 

B A 

Based on the information extracted from the image, 
plan a path from A to B 

 

Q&!-.M+*9%R+.!-1!#1'M#(!SHT!
B44(-$%R+.2!)*'>-$R.@!5#9%.!%$R+.1!

7 

Based on the geometry extracted from the image, find  
where humans could sit, lie, stand, etc. (Gupta et al., CVPR 2011) 

 

Q&!-.M+*9%R+.!-1!#1'M#(!SQT!
B44(-$%R+.2!V+94#/'*!@*%45-$1!

8 

Inserting synthetic objects in images, 
deal with occlusions (top) and shadows (bottom), 

Karsch et al, SIGGRAPH Asia 2011 
 

Q&!-.M+*9%R+.!-1!#1'M#(!SWT!
A$$(#1-+.1!%.>!$+./'X/!

9 

•  K5-.Y-.@!-.!Q&!'X4(%-.1!=5:!/5'!1'$+.>!$5%-*!-1!0%*'(:!N-1-0('!
•  V5%-*1!%*'!4+1-R+.'>!1:99'/*-$%((:!%*+#.>!!/5'!/%0('!S$+./'X/T!



10 

Q&!-.M+*9%R+.!-1!#1'M#(!SZT!
)*-+*!-.M+*9%R+.!+.!/5'!Q&!=+*(>!

•  B!Q&!9+>'(!$%.!'.$+>'!/5%/!/%0('1!5%N'!*-@5/!%.@('1!
•  H&!4*+['$R+.1!+M!*-@5/!%.@('1!%*'!.+/!*-@5/\!

11 

•  ]'$+N'*!Q&!@'+9'/*:!+M!-.>++*1!1$'.'1!M*+9!
-.>++*!-9%@'1!
•  ]'$+N'*!*++9!(%:+#/!S=%((17!$'-(-.@7!^++*T!!
•  _>'.RM:!+0['$/1!-.!-/!S0'>17!$+#$5'17!>++*17!=-.>+=17!
'/$`T!

Flat image 

AN'*N-'=!+M!+#*!%44*+%$5!

12 

•  ]'$+N'*!Q&!@'+9'/*:!+M!-.>++*1!1$'.'1!M*+9!
1-.@('!-9%@'1!
•  ]'$+N'*!*++9!(%:+#/!S=%((17!$'-(-.@7!^++*T!!
•  _>'.RM:!+0['$/1!-.!-/!S0'>17!$+#$5'17!>++*17!=-.>+=17!
'/$`T!

Flat image 
3D layout 

AN'*N-'=!+M!+#*!%44*+%$5! B!@'.'*%RN'!9+>'(!M+*!*++91!
!
!

•  _.>++*!-9%@'1!%*'!@'.'*%/'>!0:!4*+['$R.@!/5'!Q&!1$'.'!
•  3+-./(:!'1R9%/'2!

–  V%9'*%!4%*%9'/'*1!S#.Y.+=.T!
–  ]++9!(%:+#/!S1-a'7!4+1-R+.T!
–  b#90'*!+M!+0['$/1!S4-'$'1!+M!M#*.-/#*'7!>++*17!=-.>+=17cT!
–  )+1-R+.7!1-a'!%.>!->'.R/:!+M!'%$5!+0['$/!

13 

Camera 3D Layout 



C-.>-.@!/5'!+4R9%(!4%*%9'/'*1!S-.M'*'.$'T!
!
!•  D'.'*%(!->'%2!9'%1#*'!5+=!='((!/5'!9+>'(!d/1!/5'!>%/%!

•  8X%94('2!-9%@'!'>@'1!
•  8>@'!(-Y'(-5++>!$+94%*'12!

JT!8>@'!4+-./1!>'/'$/'>!+.!/5'!-9%@'!4(%.'!
HT!8>@'!4+-./1!@'.'*%/'>!0:!4*+['$R.@!/5'!Q&!(%:+#/!#.>'*!/5'!$%9'*%!

!

14 

K+:!'X%94('2!d.>!/5'!*'$/%.@('\!
!
!

15 

•  8>@'!4+-./1!%*'!>'/'$/'>!=5'.!/5'*'!-1!%!$5%.@'!-.!$+(+*!
•  D-N'.!/5'!>'/'$/'>!'>@'!4+-./17!=5'*'!-1!/5'!*'$/%.@('P!

K+:!'X%94('2!d.>!/5'!*'$/%.@('\!
!
!

16 

•  8>@'!4+-./1!%*'!>'/'$/'>!=5'.!/5'*'!-1!%!$5%.@'!-.!$+(+*!
•  D-N'.!/5'!>'/'$/'>!'>@'!4+-./17!=5'*'!-1!/5'!*'$/%.@('P!

bA!68,BbK_V6\\\\!

!!!!8%$5!-9%@'!4+-./!-1!!
!!!e+.f!!S'>@'T!+*!
e+gf!S.+!'>@'T!

K+:!'X%94('2!d.>!/5'!*'$/%.@('\!
!
!

17 

•  O5%/!-1!%!@++>!9+>'(!M+*!/5'!*'$/%.@('!P!



K+:!'X%94('2!d.>!/5'!*'$/%.@('\!
!
!

18 

•  O5%/!-1!%!@++>!9+>'(!M+*!/5'!*'$/%.@('!P!

 

! = (cx,cy,w,h)

 

300

 

400

 

0

,A&8"_bD!

K+:!'X%94('2!d.>!/5'!*'$/%.@('\!
!
!

19 

•  C-.>!/5'!4%*%9'/'*1!/5%/!0'1/!d/!/5'!-9%@'!

 

300

 

400

 

0

!!!!!8X%94('!

 

! = (cx,cy,w,h) = (120,90,80,90)

&BKB!
,A&8"!

bAK!B!DAA&!C_K\\\!

_bC8]8bV8!

K+:!'X%94('2!d.>!/5'!*'$/%.@('\!
!
!

20 

•  ,'%1#*'!5+=!='((!/5'!5:4+/5'1-1!9%/$5'1!/5'!>%/%7!'`@`!

 

300

 

400

 

0

 

p(D |!)

&BKB!
,A&8"!

"_?8"_;AA&!

K+:!'X%94('2!d.>!/5'!*'$/%.@('\!
!
!

21 

•  ,'%1#*'!5+=!='((!/5'!5:4+/5'1-1!9%/$5'1!/5'!>%/%7!'`@`!

 

p(D |!) "_?8"_;AA&!

 

p(D |!1)

 

p(D |!2)

 

<



K+:!'X%94('2!d.>!/5'!*'$/%.@('\!
!
!

22 

•  ,'%1#*'!5+=!='((!/5'!5:4+/5'1-1!9%/$5'1!/5'!>%/%!

•  ,+>'(!'>@'1!%*'!$(+1'!/+!>%/%!'>@'1!

•  ,+*'!>%/%!'>@'1!/5%.!9+>'(!'>@'1!

•  ,+*'!9+>'(!'>@'1!/5%.!>%/%!'>@'1! 

p(D |!) "

 

p(D |!) "

 

p(D |!) "

K+:!'X%94('2!d.>!/5'!*'$/%.@('\!
!
!

23 

•  _bC8]8bV82!d.>!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!9%X-9-a-.@!

•  6'N'*%(!/'$5.-h#'12!@*%>-'./!>'1$'./7!1%94(-.@7!'/$`!!

•  6%9'!->'%1!$%.!0'!%44(-'>!-.!Q&!ij!9+>'(!'>@'1!$+9'!M*+9!
Q&!9+>'(!5:4+/5'1-1!4*+['$/'>!#1-.@!$%9'*%!5:4+/5'1-1!!

 

! = (cx,cy,w,h)

 

p(D |!)

&8,A!J!!!d.>!!
&8,A!H!!!d.>!%((!4%*%9'/'*1!

&8,A!Q!ij!d.>!Q&!4+1-R+.!+M!/5'!$#0+->!

 

cy

c%.>!0%$Y!/+!/5'!+*-@-.%(!4*+0('9!
!
!

•  _.>++*!-9%@'1!%*'!@'.'*%/'>!0:!4*+['$R.@!/5'!Q&!1$'.'!
•  3+-./(:!'1R9%/'2!

–  V%9'*%!4%*%9'/'*1!S#.Y.+=.T!
–  ]++9!(%:+#/!S1-a'7!4+1-R+.T!
–  b#90'*!+M!+0['$/1!S4-'$'1!+M!M#*.-/#*'7!>++*17!=-.>+=17cT!
–  )+1-R+.7!1-a'!%.>!->'.R/:!+M!'%$5!+0['$/1!
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Camera 3D Layout 

]++9!@'+9'/*:!
!
!•  ,+>'(!*++9!%.>!+0['$/1!%1!$#0+->1!S0(+$Y1T!

!

•  B44*+X-9%/'!M#*.-/#*'!S$+#$5'17!0'>1T!=-/5!0+#.>-.@!0+X'17!
M*%9'1!S=-.>+=17!>++*1T!=-/5!/5-.!0(+$Y1!

•  C#*.-/#*'!S0(#'T!-1!+.!/5'!^++*7!M*%9'1!S@*''.T!%*'!%k%$5'>!/+!
%!=%((7!+0['$/1!$%.!.+/!+N'*(%4!!

!
25 

Frame 
(window) 

Furniture 
(bed) 

Room 



V%9'*%!4%*%9'/'*1!
!
!•  C+$%(!('.@/5!%.>!'X/*-.1-$!4%*%9'/'*1!

•  K5'!$%9'*%!>'/'*9-.'1!/5'!4'*14'$RN'!>-1/+*R+.!

!
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Wrong camera Correct camera 

_.M'*'.$'!
!
!

•  C-.>!9+>'(!4%*%9'/'*1!/5%/!9%X-9-a'!/5'!'>@'!(-Y'(-5++>!

•  V5%(('.@'12!!
–  N%1/!4%*%9'/'*!14%$'!
–  N'*:!1/*#$/#*'>!+#/4#/!S'`@`!+0['$/1!5%N'!/+!/+#$5!/5'!^++*7!/5':!
$%..+/!+N'*(%47!'/$`T!

•  _.!@'.'*%(7!*'$+N'*-.@!Q&!M*+9!H&!-1!#.>'*!$+.1/*%-.'>!
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28 

,%.5%k%.!=+*(>!%11#94R+.!
!!!
!

•  ,+1/!1#*M%$'1!%*'!%(-@.'>!/+!/5*''!+*/5+@+.%(!>-*'$R+.1!
•  K5-1!%11#94R+.!'.%0('1!*'$+.1/*#$R+.!M*+9!%!1-.@('!
-9%@'!SH&!/+!Q&T!

29 

&'/'$/!'>@'1! D*+#4!/5'9!0%1'>!+.!$+.N'*@'.$'!

,%.5%k%.!=+*(>!%11#94R+.!
!!!
!

•  V+94#/'!$%9'*%!4%*%9'/'*1!S'`@`7!M+$%(!('.@/5T!M*+9!
!!!!!/5*''!N%.-15-.@!4+-./1!S%.%(:R$%((:T!
•  D++>!-.-R%(-a%R+.!-.!9+1/!$%1'1!ij!1-94('*!-.M'*'.$'!!



&%/%i>*-N'.!-.M'*'.$'!
S('/!/5'!>%/%!14'%YT!

!
!

30 

Detect corners 

Propose 3D structure from corners 

]'1#(/1!
!
!

31 

Q&!*'%1+.-.@!%/!=+*Y!
8X4(%-.-.@!+$$(#1-+.1!

!
!

32 

Fitting the room only Fitting the room and the objects 

A.@+-.@!=+*Y!

33 

Use detailed models for furniture, 
instead of simple blocks 


