Computational Geometry

Of Collisions and Spheres
and their Application to Computer Graphics and Beyond
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Collision Detection Basics
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Collision Detection Basics
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Bounding Volume Hierarchies
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Bounding Volume Hierarchies
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BVH Traversal
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BVH Traversal
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BVH Traversal

/)
RS «.w

5 !
SESEVRKIXE N

S s a;mea

SRR

LV Ay | NA

ety ——
PSRN AU
w;@ﬁ S et
= el Wﬂ&@ %
(AT A <ot 22 !
LTSI S
e Y v
ot A
O

N

L

A T __Il.
AN
H S e T
SE R
D AYaa= v\
NS AR
SO N
A=y ool
e -
WavZ ﬁm\ﬁmsv

2y

Collisions and Spheres

21 May 2023

Computational Geometry SS

G. Zachmann




Collisions and Spheres

[ A/‘s
X

21 May 2023

N VK
)
bz
A A S AN
EE AN e VT IS A AT DAL
TR 7
At ; il
S A e A
RS ﬂ’ M@d - qxwxv\‘ B

e
i W

S A SR N e
SRR
9 R ORSIAZSITE
«04’\‘ Pan AT .l;.,.a\bﬂ._“iw-ll‘
N N
iz e "Jﬂu@w« v
o . Ay,

K gv AN
o

OSBRI
7 ¢y
—l

,,Zm._
AN

SS

-
04

AY,

A
AR
HF

17
107
i

....-
S

1~/

%

N
Computational Geometry

G. Zachmann

BVH Traversal




. Zachmann

FAYAN

AN
T DOTK

N

e

‘I;""‘\‘v
s

T

e
gr_:ﬁs @y}l
SE7SERK

=

A v v .
S

r%i\y‘ bz

VRGN A

“""‘“ﬁﬁf’“’* AR
TSNS RS
RAAY

O

SN v)\{‘%\&\) B

J-‘a{b&‘ S ),’ %
v o A P iy = SRS
RIS N

&
X L aSTAY
;s “» NS

<
e
iy,

X
3
23
<Y

S

Computational Geometry 21 May 2023

Collisions and Spheres




. Zachmann

i

AT
o
WA
ly %}:#‘ﬁ

4
it

&

#’N’

A\
Uk

i

9
5

5

P

LA

e
<
)

ey

A

.
2e=]
e
“- "o £
Ot N
P A— s
7

e
N

1

"';Z
=S
iy

Computational Geometry

g N

[ —
AOSS

T
K

IR
D
2 i?}sé

S

i
vl

if

-

<

24
<

>y
¥z

1@:
7
LR
v LY

SN

e

Saw;
N

21 May 2023

)

Collisions and Spheres




Simultaneous Recursive BVH Traversal
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Simultaneous Recursive BVH Traversal

bool checkCollision ( BVA, BVB )

if A and B are Leaves then

return  checkPolygons (Polygon of A, Polygon of
else
forall the Children A of A do

forall the Children B. of B do

if( overlap ( A , B))
return  checkCollision (A , B)

return false
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Y  Penetration Measures

Continuous collision detection
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Y  Penetration Measures

Continuous collision detection Translational penetration depth
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Y  Penetration Measures

Continuous collision detection Translational penetration depth

Penetration volume - “the most
complicated yet accurate method” [Fisher
and Lin, 2001]
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Translational penetration depth

Continuous collision detection

Penetration volume - “the most
complicated yet accurate method” [Fisher
and Lin, 2001]
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nner Sphere $rees: Basic Idea

AFill the object
Afrom the inside

Awith non-overlapping spheres

A Build sphere hierarchy on inner spheres
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w A brief History of Sphere Packings

BuIm pro a‘wu.t/ (0 G

mece(Sitateconcurrente cumy:

Johannes Kepler (1571 —1630)
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Excurse: The Sausage Conjecture

i
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Excurse: The Sausage Conjecture

i

-

Sausage
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Excurse: The Sausage Conjecture

4

i

Cluster

-

Sausage
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Excurse: The Sausage Conjecture

.“/P —h.\ﬁ J:optimal for n=3 and 4

4

Cluster

-

Sausage
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Excurse: The Sausage Conjecture

.“/P —h.\ﬁ J:optimal for n=3 and 4

4

J:optimal for n<56?

Cluster

-

Sausage
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Excurse: The Sausage Conjecture

.“/P —h.\ﬁ J:optimal for n=3 and 4

optlmal for n<56?

/ wopnmal for n=56, 59,
60, 61, 62, 65

-

Sausage
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Excurse: The Sausage Conjecture

.“/P —h.\ﬁ J:optimal for n=3 and 4

optlmal for n<56?

/ wopnmal for n=56, 59,
60, 61, 62, 65

Nobody knows how they
look

-

Sausage
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More Sausage Catastrophes
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More Sausage Catastrophes

A For dimension d=4: cluster becomes optimal for n>375370?
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More Sausage Catastrophes

A For dimension d=4: cluster becomes optimal for n>375370?
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More Sausage Catastrophes

A For dimension d=4: cluster becomes optimal for n>375370?

AFor d<11 the optimum packing is always a cluster or a sausage, but
never a pizza!
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More Sausage Catastrophes

A For dimension d=4: cluster becomes optimal for n>375370?

AFor d<11 the optimum packing is always a cluster or a sausage, but
never a pizza!
A Note, this is not true for other convex shapes

AE.qg. itis possible to find for each d>2 a convex shape where the pizza is
the closest packaging

\
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Our Goal

A Feasible Sphere Packing

A All spheres are inside

A Spheres do not overlap

G. Zachmann Computational Geometry SS 21 May 2023 Collisions and Spheres



Our Goal

A Feasible Sphere Packing
A All spheres are inside

A Spheres do not overlap

A Polydisperse packing

A Space filling
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Our Goal

A Feasible Sphere Packing
A All spheres are inside

A Spheres do not overlap

A Polydisperse packing

A Space filling
A Arbitrary objects
A Arbitrary object representations

(Polygonal, NURBS, CSG,

point clouds, € )
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U Applications of Polydisperse Sphere Packings

e

P. Eberhard et al, 2009
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Long Yun et al, 2002 smo architektur, 2006
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Basic ldea
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Basic ldea
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Basic ldea
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Basic ldea

A
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Basic ldea
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Basic ldea
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i Basic ldea




Basic Idea
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Basic ldea
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