CSG

Carlos Andujar
March 2014

Some images by Florian Kirsch, HPI, University of Potsdam






- Union (u - Intersection ( - Subtraction (-

- CSG tree




CSG tree

(A=Y U B

A
M1

:




"
Compact




" S
Point-inside-solid test (for CSG)

function classify(P:point, n:nodeCSG) return InOnOut
si isLeaf(n) then

case (n.type) Combina(op, A, B)
Box: r:=classifyBox(P,n)
Cylinder: r:=classifyCylinder(P,n)  AUB in |on out
Sphere: r:=classifySphere(P,n) in n  n in
on in on o
else out il on out
rA:= classify (P, n.left) B o on ont
rB:= classify (P, n.right) in in on out
r.= combine(n.operation, rA, rB) on on on out
end out out out out
returnr A-B in on out
end in out of in
on out on on

ont ot ont onut



Line-solid classification

a_ out ?‘1 in ?‘2 out
a C B out :-L_, on ;«.4 out
i s ?IE . AUB out : in : in : on : out

r=p+Av
B
Fesultat de la unio : [11.in] [12.0n] [14.o0ut]
; (s'’han hagut de compactar dos intérvals "n")
Solid A - [11.n] [12 . out] A out ?11 . ?12 out
Solid B - [15_on] [14,0ut] B ' '
C out Ay on 5, out
ANg out ' out | on Tout ' out

Resultat de la interseccio - [11,out] [13.on] [12_out]
(s'han hagut de compactar dos intérvals "out")

a _ Out ?‘1 in ?‘2 out

B } {
C out Py on £ out

H- B T - T T T
out in on out out




" S
CSG rendering - union

m Visible fragments of ALIB = visible fragments produced by rendering
A and B (using depth test)

m Rendering (an image equivalent to) ALIB is straightforward
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" SN
CSG rendering - intersection

m Visible fragments of AnB = subset of the fragments produced by
front faces of A and front faces of B

m A n B can be rendered using e.g. parity count.

ragments from the b
are inside the sphere
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ragments from the sphere that
are inside the box S




" S
CSG rendering - difference

m Visible fragments of A-B = subset of the fragments produced by
front faces of A and back faces of B

m A - B can be rendered using e.g. parity count.




" S
OpenSCAD demos

cexample000.scad
cexample001l.scad
cexample002.scad
cHinge.scad
worm_Gear.scad
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CSG Normalization

Partial Product

Normaliza’gon

[Image credit: Florian Kirsch]



CSG Normalization

Unions at top of tree
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Figure 5. A CSG tree in normal form
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CSG Normalization

b

X—-(YUZ) =+ (X-Y)-2
X[‘I[YUZ]—?(IHY}U[I[‘IZ]
X—(¥nZ) = (X-Y)U(X - 2Z) <<
XNn¥ynZ) - (XNnY)nZz

X — (Y- Z]—}[X—Y]U[XI"IZ]<
ANY-2) =+ (XNY) -

(X — Y]FIE—}[}{I"IE]

(XUY)—-2 = (X-2)U [Y 7) <=
(XUYINZ = (XNZAOUYNZD —

Push unions towards
the root
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CSG Normalization

X-(Yuzd) =+ (X-Y)- 2 —
Xnyuz) - (XHY]U[XHZ]
X—(¥YnZ) -+ (X-Y)Uu(X-2)
XN{¥YnZ) - (Xn¥Y)nZ

X — (Y- Z)—r[}f—}')u{}fr‘lz)
ANY-2) =+ (XNY) -

(X — Y]FIE—}[}{I"IE]

(XUY)-Z = (X-Z)u (Y z)
(XUYINZ = (XNZ)U(¥Y N2

>

Eliminate redundant
unions



CSG Normalization

2 X[‘I[YUZ] — [XFIY]U[X[‘IZ]
3 X—(¥nZ) + (X-YIU(X-Z)
12 XNni¥nzZ) = (Xn¥Y)nz <
5 X — [Y Z]—}[I—Y}U[II"IZ]
g [XUY] Z =+ (X ] [Y Z)
g (XUYINZ — [II"IE] (Y Nn2Z)

>Rearrange “products”




