COMPONENT-

BAS

D MODELING OF

COMPLETE BUILDINGS

M@ colanc Jocelyn Houle Plerres=Siiil

Dept HRYE
Université Al\
de Montréal

Graphics Interface
St. John's, May25-2/, 201 |



GOALS

* Procedural generation of buildings
* Exteriors and interiors
» Complete control over the results

* High quality geometry



WHAT T IS NOT

* Not a system for archrtects

» although If they can program...

* Not a system to explore designs

» although If they like looking at some random aspects...

* Not a library of functionalities

» more like a special language with regular language concepts
(variables, loops, randomness, etc.)



PREVIOUS WORK

» Mostly facades and buildind shapes

——

» Shape/split grammars

from Mdller et al.

« 3D Reconstruction

* photos

from Aliaga et al.

* Floor plans

* optimization

from Merrell et al.



CHANGES

* | Inear order of execution of rules

» Rules become statements with queries

* A symbol becomes a component

* persistency

* Inherrtance

» Operation execution
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on any subset of components

individually or on all components



CONC

Gy

» Components
» spatially and semantically define elements

* organized in tree(s)
* Program

» statements formed by queries and operations

» Geometry
» attached to some components

» created from some components



COMPONENT

» 2D or 3D boundary with a bounding box
- Labels

- User attributes

» Child components

* Regions

 Connector



"ROGRAM

e | st of statements efor c In query (<< label | >>) do
. operation! (¢, ...)
* querices operation? (¢, ...)
« conditions
end

* operations |
e operation (query ( « labell »),...)

efor c In query (« labell ») do
operation (¢, query (« label2y), ...)
end



* Subset of elements

SECRND ONENCS

 faces

* regions

« Conditions

* [abe

« attr

S

outes

+ visibility
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» Creation

» Split and slice
* Boolean

* Extrusion

» Connection

» Geometry
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» Creation

» Split and slice
* Boolean

* Extrusion
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OPERATIONS

* Creation

» Split and slice
* Boolean

» Extrusion

» Connection

» Geometry




BUILDINGS

» Space partitioning

* bullding shape

* subdivision INto rooms

* Base geometry

» walls, floors and cellings

« Architectural elements

« doors, windows, stailrcases, balconies, ...

* Furniture, decorations



—— Main cubhdiviciaon

component{ label="main", size={10,5,10}, color=1 }

slice( c, "Y", { label="story", 2.5, level=count() } )
end

for c in query( "story" ) do

split( c, "Zz", { label="1living space", pell=2481"
{ label="corridor", color=2, abs=2 },
{ label="1living space", rel=2 } )
end

for c in query( "living space" ) do
split( c, "X", { label="apartment", rel=1 },
{ label="apartment", rel=1 } )
end

component{
label={"elevator", "room"}, size={2,5,2}, position={4,0,2},
color=3

b

== [FriOipaiCiES

for c in query( "apartment" or "corridor" ) do
subtract( c, query( "elevator" ), { label="room" } )

end

—— Frames
for c in query( "room" ) do
for f in fquery( c, "SIDE" ) do
component{ c, label="wall", boundary=f }
end
for f in fquery( c, "BOTTOM" ) do
component{ c, label="floor", boundary=f }
end
extrude( query( c, "wall" or “floor” ), -0.1, { label="iwall" } )
end

for c in query( "main" ) do
for f in fquery( c, "SIDE" ) do
component{ c, label="facade", boundary=f }
end
end
extrude( query( "facade" ), 0.2, { label="ewall", color=0 } )

—— Regions
for c in query( "wall" and parent("apartment")
and occlusion("corridor") > @ ) do
region{ c, label="door" }
end
“elevator”) ) do

for ¢ in query( "wall" and parent(“e
5t )

(
slice( c, "Y", { id="elwall", 2
end

for c in query( "elwall" and occlusion(“corridor”) > @ ) do
region{ c, id="door" }
end

=== |DJola)[p
for r in rquery( "door" ) do

connect( componentFromFile("door"), r )
end

—— Create actual geometry.

for c in query( "iwall", "ewall" ) do
solidGeometry( c, c.color )

end




—— Main subdivision.
component{ label="main", size={10,5,10}, color=1 }

for c in query( "main" ) do
slice( c, "Y", { label="story", 2.5, level=count() } )
end

split( c, "Zz", { label="1iving space", rel=2 1},
{ label="corridor", color=2, abs=2 },
{ label="1living space", rel=2 } )
end

for c in query( "living space" ) do
split( c, "X", { label="apartment", rel=1 },
{ label="apartment", rel=1 } )
end

component{
label={"elevator", "room"}, size={2,5,2}, position={4,0,2},
color=3

b

== [FriOipaiCiES

for c in query( "apartment" or "corridor" ) do
subtract( c, query( "elevator" ), { label="room" } )

end

—— Frames
for c in query( "room" ) do
for f in fquery( c, "SIDE" ) do
component{ c, label="wall", boundary=f }
end
for f in fquery( c, "BOTTOM" ) do
component{ c, label="floor", boundary=f }
end
extrude( query( c, "wall" or “floor” ), -0.1, { label="iwall" } )
end

for c in query( "main" ) do
for f in fquery( c, "SIDE" ) do
component{ c, label="facade", boundary=f }
end
end
extrude( query( "facade" ), 0.2, { label="ewall", color=0 } )

—— Regions
for c in query( "wall" and parent("apartment")
and occlusion("corridor") > @ ) do
region{ c, label="door" }
end
“elevator”) ) do

for ¢ in query( "wall" and parent(“e
5t )

(
slice( c, "Y", { id="elwall", 2
end

for c in query( "elwall" and occlusion(“corridor”) > @ ) do
region{ c, id="door" }
end

=== |DJola)[p
for r in rquery( "door" ) do

connect( componentFromFile("door"), r )
end

—— Create actual geometry.

for c in query( "iwall", "ewall" ) do
solidGeometry( c, c.color )

end




—— Main subdivision.
component{ label="main", size={10,5,10}, color=1 }

for c in query( "main" ) do

ITAVAT] (A | L 1 1l _ L 11 e T 1 al SN a \

for c in query( "story" ) do

split( c, "Z", { label="1living space", rel=2 },
{ label="corridor", color=2, abs=2 },
{ label="1living space", rel=2 } )

(corridor )

end

component{
label={"elevator", "room"}, size={2,5,2}, position={4,0,2},
color=3

b

== [FriOipaiCiES

for c in query( "apartment" or "corridor" ) do
subtract( c, query( "elevator" ), { label="room" } )

end

—— Frames
for c in query( "room" ) do
for f in fquery( c, "SIDE" ) do
component{ c, label="wall", boundary=f }
end
for f in fquery( c, "BOTTOM" ) do
component{ c, label="floor", boundary=f }
end
extrude( query( c, "wall" or “floor” ), -0.1, { label="iwall" } )
end

for c in query( "main" ) do
for f in fquery( c, "SIDE" ) do
component{ c, label="facade", boundary=f }
end
end
extrude( query( '"facade" ), 0.2, { label="ewall", color=0 }

—— Regions

) ‘|||||| I
for c in query( "wall" and parent("apartment")
and occlusion("corridor") > @ ) do
region{ c, label="door" }
end
T

u

levator”) ) do

for ¢ in query( "wall" and parent(“e
5t )

(
slice( c, "Y", { id="elwall", 2
end

for c in query( "elwall" and occlusion(“corridor”) > @ ) do
region{ c, id="door" }
end

=== |DJola)[p
for r in rquery( "door" ) do

connect( componentFromFile("door"), r )
end

—— Create actual geometry.

for c in query( "iwall", "ewall" ) do
solidGeometry( c, c.color )

end




—— Main subdivision.
component{ label="main", size={10,5,10}, color=1 }

for c in query( "main" ) do
slice( c, "Y", { label="story", 2.5, level=count() } )
end

for c in query( "story" ) do
split( c, "7", { label="living space", gel=2.},
for c in query( "living space" ) do
split( c, "X", { label="apartment", rel=1 },
{ label="apartment", rel=1 } )

end

component{
label={"elevator", "room"}, size={2,5,2}, position={4,0,2},
color=3

}

—— Priorities.

for c in query( "apartment" or "corridor" ) do
subtract( c, query( "elevator" ), { label="room" } )

end

—— Frames

for ¢ in query( "room" ) do
for f in fquery( c, "SIDE" ) do
component{ c, label="wall", boundary=f }
end
for f in fquery( c, "BOTTOM" ) do
component{ c, label="floor", boundary=f }
end
extrude( query( c, "wall" or “floor” ), -0.1, { label="iwall" } )
end

for c in query( "main" ) do
for f in fquery( c, "SIDE" ) do
component{ c, label="facade", boundary=f }
end
end
extrude( query( "facade" ), 0.2, { label="ewall", color=0 } )

—— Regions
for c in query( "wall" and parent("apartment")

and occlusion("corridor") > @ ) do
region{ c, label="door" }
end

u

levator”) ) do

for ¢ in query( "wall" and parent(“e
5t )

(
slice( c, "Y", { id="elwall", 2
end

for c in query( "elwall" and occlusion(“corridor”) > 0 ) do
region{ c, id="door" }
end

=== | DlrE
for r in rquery( "door" ) do

connect( componentFromFile("door"), r )
end

—— Create actual geometry.

for c in query( "iwall", "ewall" ) do
solidGeometry( c, c.color )

end



—— Main subdivision.
component{ label="main", size={10,5,10}, color=1 }

for c in query( "main" ) do
slice( c, "Y", { label="story", 2.5, level=count() } )
end

for c in query( "story" ) do

split( c, "z", { label="1living space", rel=2 },
{ label="corridor", color=2, abs=2 },
{ label="1living space", rel=2 } )
end °

for c in query( "living space" ) do
split( c, "X", { label="apartment", rel=1 },

L 1ohol-_'onorimont!! rel—1_1 )

living space

corridor living space

apartment

apartment

component<
label={"elevator", "room"}, size={2,5,2}, position={4,0,2},
color=3

i i U i

for c in query( "apartment" or "corridor" ) do
subtract( c, query( "elevator" ), { label="room" } )

end

—— Frames
for ¢ in query( "room" ) do
for f in fquery( c, "SIDE" ) do
component{ c, label="wall", boundary=f }
end
for f in fquery( c, "BOTTOM" ) do
component{ c, label="floor", boundary=f }
end
extrude( query( c, "wall" or “floor” ), -0.1, { label="iwall" } )
end

for c in query( "main" ) do
for f in fquery( c, "SIDE" ) do

component{ c, label="facade", boundary=f } ‘
end
end
extrude( query( "facade" ), 0.2, { label="ewall", color=0 } )
—— Regions !

for c in query( "wall" and parent("apartment")
and occlusion("corridor") > 0 ) do
region{ c, label="door" }
end

u

levator”) ) do

for c in query( "wall" and parent(“e
5t )

(
slice( c, "Y", { id="elwall", 2
end

for c in query( "elwall" and occlusion(“corridor”) > 0 ) do
region{ c, id="door" }
end

=== | DOIE)(FE
for r in rquery( "door" ) do

connect( componentFromFile("door"), r )
end

—— Create actual geometry.

for c in query( "iwall", "ewall" ) do
solidGeometry( c, c.color )

end



—— Main subdivision.
component{ label="main", size={10,5,10}, color=1 }

for c in query( "main" ) do
slice( c, "Y", { label="story", 2.5, level=count() } )
end

for c in query( "story" ) do

split( c, "z", { label="1living space", Fell=248""
{ label="corridor", color=2, abs=2 },
{ label="1living space", rel=2 } )
end

for ¢ in query( "living space" ) do
split( c, "X", { label="apartment", rel=1 },
{ label="apartment", rel=1 } )

living space

corridor

component{
label={"elevator", "room"}, size={2,5,2}, position={4,0,2}, room room ((ﬂevaun;roonli
color=3

1

for c in query( "apartment" or "corridor" ) do
subtract( c, query( "elevator" ), { label="room" } )

end
_
—— Frames
for ¢ in query( "room" ) do
for f in fquery( c, "SIDE" ) do
component{ c, label="wall", boundary=f }
end
for f in fquery( c, "BOTTOM" ) do
component{ c, label="floor", boundary=f }
end
extrude( query( c, "wall" or “floor” ), -0.1, { label="iwall" } )
end

for ¢ in query( "main" ) do
for f in fquery( c, "SIDE" ) do
component{ c, label="facade", boundary=f }
end
end
extrude( query( "facade" ), 0.2, { label="ewall", color=0 } )

for c in query( "wall" and parent("apartment")
and occlusion("corridor") > 0 ) do
region{ c, label="door" }
end

u

for c in query( "wall" and parent(“elevator”) ) do
slice( c, "Y", { id="elwall", 2.5 } )
end

for c in query( "elwall" and occlusion(“corridor”) > 0 ) do
region{ c, id="door" }
end

=== |DOJo){pc
for r in rquery( "door" ) do

connect( componentFromFile("door"), r )
end

—— Create actual geomet!

for c in query( "iwall", "ewall" ) do
solidGeometry( c, c.color )

end



—— Main subdi\
component{ label="main", size={10,5,10}, color=1 }
for ¢ in query( "main" ) do
slice( c, "Y", { label="story", 2.5, level=count() } )
end

for c in query( "story" ) do

split( c, "Z", { label="1living space", rel=2 1},
{ label="corridor", color=2, abs=2 },
{ label="1living space", rel=2 } )
end

for ¢ in query( "living space" ) do

_ corridor
split( c, "X", { label="apartment", rel=1 },

{ label="apartment", rel=1 } )
component{
label={"elevator", "room"}, size={2,5,2}, position={4,0,2}, (}ﬂevaun;rooni)
color=3
b
for c in query( "apartment" or "corridor" ) do
subtract( c, query( "elevator" ), { label="room" } ) e *
end

for c in query( "room" ) do
for f in fquery( c, "SIDE" ) do
component{ c, label="wall", boundary=f }
end
for f in fquery( c, "BOTTOM" ) do
component{ c, label="floor", boundary=f }
end
extrude( query( c, "wall" or “floor” ), -0.1, { label="iwall" } )

end

end
extrude( query( "facade" ), 0.2, { label="ewall", color=0 } )

for ¢ in query( "wall" and parent("apartment")
and occlusion("corridor") > @ ) do
region{ c, label="door" }
end

u

for c in query( "wall" and parent(“elevator”) ) do
slice( c, "Y", { id="elwall", 2.5 } )
end

for c in query( "elwall" and occlusion(“corridor”) > 0 ) do
region{ c, id="door" }
end

for r in rquery( "door" ) do

connect( componentFromFile("door"), r )
end
for c in query( "iwall", "ewall" ) do

solidGeometry( c, c.color )
end



component{ label="main", size={10,5,10}

for c in query( "main" ) do
slice( c, "Y", { label="st
end

for c in query( '"stor

Cjirlon ety | ‘ax y y
! facade | e o o | facade
end _ A
split( c,
end
componenty{

label (room) (rogm) room (elevator room
[ ]

LT3

floor wall | e o o wall ﬂoor wall ° wall

v v
(iwall) (iwall) (iwall) (iwall) (iwall) (iwall)

-

for c in query( "main" ) do
for f in fquery( c, "SIDE" ) do
component{ c, label="facade", boundary=f }
end
end
extrude( query( "facade" ), 0.2, { label="ewall",

color=0 } )

for c 1n qu
so lidGec
end



component{ label="main", size={10,5,10}, colo

for ¢ in query( "main" ) do
slice( c, "Y", { label="story", 2
end

for ¢ in query( "story" ) do
SpilatENey s 2, 1 label="1i

Y Y

1 label=' stor facade facade
{ label= )

end °

for ¢ in query( "livin ivi i
1 |

component{

label={"elevat room

color=3

(elevator room)

//\

floor wall | e o o wall ﬂoor Wall . wall

-

(iw‘all) (iw‘all) (iwall ) (iwau) (iwau) (iwau)

- 11U
p—

for c in query( "wall" and parent("apartment")

and occlusion("corridor") > 0 ) do

region{ c, label="door" }
end

for c in qu
so LidGeome
end



component{

for c in query( "main"
slice( c, "Y",
end

for c in query( '"stor
Cjirlon ety | ‘m
1

end

for c in query( "
split( c,

end

componenty{

lal
colo

-

label="main",

= lr"-
/) ¢

size= 11“ ,

do

{ label="st

apartment

room

for c in query( "wall" and parent(“elevator”) ) do
slice( c, "Y",

end

for c in query( "elwall" and occlusion(“corridor”) > @ ) do

{ id="elwall",

region{ c, id="door" }

end

2.5 } )

living space

corridor

apartment

( room) (rogm)

apartment

floor wall | e o o wall

v i v
(iwall) (iwall) (iwall)

for r in rquery( "door"

for c 1n qu
so lidGec
end

) do

living space

apartment

room

Y Y

facade | e o o | facade

5

(elevator room

Wi

wall ° wall

ﬂoor

(iwall) (iwall) (iwall)

elwall
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component{ label="main", size={10,5,

for c in query( "main" ) do
slice( c, "Y", { label="st

end

for c in query( "story" )

split( c, "z", { labe
1 - ¢
I
end
for c in query( "
BRIy C X
end
componenty{

Ld

colo
1
s

end

for r in rquery( "door" ) do
connect( componentFromFile("door"), r )

for c in qu
solidGeor
end

corridor

% © 0 O

(room) (rog%)?ri

floor

wall

wall

! [
(iwau) (iwau) (iwau

Y Y

facade | e o o | facade

D @D @D

Celevator, room)

' 2

floor wall | e o o] wall

1 1 1
(iwau) (iwau) (iwau) elwall | o o

©




[y lp’.
()

component{ label="main", size={10,5,
for c in query( "main" ) do

slice( c, "Y", { label="st
end

for c in query( "story" )

split( c, "z", { labe’ Y v
b facade | e o o | facade
end °
for c in query( "1 corridor J ewall ewall
split( c, "X g P ° - -
aprtment
componenty{

labe 1= (room) (rogm) room Celevator, room)
1 colo ° ° j_i ° //
d [ ) [ ) [ )
[ ) [ ) [ )

floor wall | e o o] wall floor wall | e o o] wall

% © 0 O

! - 1 1 1
(iwau) (iwau) (iwau (iwau) (iwau) (iwau) elwall | o o

(50

ena

for c in query( "iwall", "ewall" ) do
solidGeometry( c, c.color )
end




component{ label="main"

for ¢ in query( "main
slice( c, "Y", { labe
end

for c in query( "s

split(

end
for c

end

for r in rquery( "door" and parent(“wall”) ) do
connect( componentFromFile("door"), r )

end
for r in rquery( "door" and parent(“elwall”) ) do

connect( componentFromFile("door2"), r )
end

for c in quet

living space

(room) (rog%)?ri

corridor

% © 0 O

floor

wall

wall

! i !
(iwau) (iwau) (iwau

door

\

facade | e o o | facade

Celevator, room)
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floor wall | e o o] wall

D @D @D

v v v
(iwau) (iwau) (iwau)

elwall




compon

for «

° Y Y

corridor : facade | e e o | facade
¥\ .
prmen)  [EEe] [

( room) ( rogm)
[ ] [ ] [ ]
[ ] [ ] [ ]

(elevator, room)

——

[ ]

[ ]

[ )
floor wall | e o o] wall floor wall | e o o] wall
7 1 T\ ‘ 1 7 7

(iwau) (iwau) (iwau (iwau) (iwau) (iwau) elwall | o o
Y
((door )

for c in query( "story" ) do

for f in fquery( c, "SIDE" ) do

component{ c, label="facade", boundary=f }

end
end
for c in query( "facade" ) do

split( c, "Y", { label="f1", rel=1 }, { label="ledge", 0.2 } )
end
extrude( query( “f1” ), 0.2, { label="ewall", color=0 } )
extrude( query( “ledge” ), 0.3, { label="ewall", color=0 } )

———

end




component{ label='
for c in query( '

slice( Y
end

for c

comido

( room) ( room)

[}
[}
% © 0 O

° Y

Y

° facade |e o o

facade

floor wall | e o o] wall

iy 1 [ BN
(iwau) (iwau) (iwau

for c in query( "f1" ) do
slice( c, "X", { label="f2",

end

for c in query( "f2" ) do
region{ c, label="window" }

end

for r in rquery(

4} )

"window" ) do

end

connect( componentFromFile("window"),

r)

o —— .
ledge f1 4
A y
(ewall) 21|12

(elevator, room)

——

win

floor wall | e o o] wall

1 Y ) i
( Window)

v v v
(iwau) (iwau) (iwau)

elwall




component{ label="main

10y
mair

for c in query(
slice( c, "y"

end
for c i

1
SpL1T\

end
for

corridor

° Y

Y

° facade |e o o

facade

o —
edge | [T j—s

. v

room room ewall ewall 2 2
Goom)  (Goom) (ewall)  (ewall)

E : E : Celevator, room) : win
, P G 'y
floor wall | e o o] wall floor wall | e o o] wall ( window2)
Y v AN Y Y v
Ciwall ) Ciwall ) (iwall (iwall ) Ciwall )~ (iwall ) [ eclwall [o o o

for r in rquery( "window" and level==1 ) do
connect( componentFromFile("window"),

end

for r in rquery( "window" and level>1 ) do
connect( componentFromFile("window2"), r

end

r)

)

s Y
( door2 )
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CONCLUSION

* Interiors and exteriors

* Programming environment

» code reuse (libraries)
* Flexible and powerful

» Complex task



FUTURE WORK

- Optimization operation for high level space partitioning

* Higher level coding
* Interface

* photos

» Lazy generation



QUESTIONS

* www.iro.umontreal.ca/labs/infographie/papers/L eblanc-20 | [-CMCB/

* paper

* vIdeos

* slides


http://www.iro.umontreal.ca/labs/infographie/papers/Leblanc-2011-CMCB/index.html
http://www.iro.umontreal.ca/labs/infographie/papers/Leblanc-2011-CMCB/index.html

