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1 Motivation 1

= Collision Detection is ubiquitous in VR and many physically-based
simulation apps

= Obviously: worst-case running time is in O(n2)

= But, we all have seen real-world running time behavior like this:

25

millisec
=
[ N
H\l\

av. time / msec.
o B ~ &

o
«

Introduction




5/16/06

Goal §

i

= Gain (theoretical) understanding of experienced running times
= Utilize to optimize collision detection

= Better heuristics for probabilistic collision detection

i

Related Work §

= Distance of convex polytopes [Dobkin & Kirkpatrick, 1985]:
O(log2 n) ,n= number of faces
= Distance of convex polytopes [Lin & Canny, 1991]:
O(ﬁ) , worst-case
O(l) , expected time, bounded rotation
= General polytopes, fixed trajectory [Schémer & Thiel, 1995]:
o(n3te)
= Alll intersections of n convex polytopes [Suri et al., 1998]:

O((n+ k) log? n) k= # intersecting pairs




Hierarchical CD

= Hierarchical CD is most common technique for rigid bodies

= BV hierarchy (BVH) is constructed in preprocessing:

= Simultaneous traversal of two BVHs =
single traversal of one BV test tree (BVTT)

= Lots of different BVs have been proposed, e.g.:

Cylinder Box, AABB (R*-trees)
[Weghorst et al., 1985] [Beckmann, Kriegel, et al., 1990]
Sphere Prism . .
OBB (oriented bounding box)
[Hubbard, 1996] [Barequet, et al., 1996] [Gottschalk, et al., 1996]
k-DOPs
Sphe shell
[Krishnan, et al., 1997] [Zachmann, 1998]

= In the following: use AABBs

2.9}
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i

= The Cost formula [Weghorst et al. 1984; Gottschalk et al. 1996]:

i

T = N\/C\/+ NpCp"'" NuCU+ C,

Ny, Cy = num., costs of BV overlap test, resp.
Np, Cp = num., costs of primitive intersection test
Ny, Cy = num., costs of BV update, resp.

C; = initialization costs

= Obviously: 7(n) ~ Ny(n)

= Goal: determine E[ N, (n) ] = Ny (n)
= number of nodes in the BVTT that are visited on average

2.9

The Model to Determine N\, (n)

= Assumption: use AABBs
= Estimate probability of BV overlap on some level /
= Yields product of conditional probabilities

= Estimate conditional probability by geometric reasoning




Terminology

. P[A(’) nB" # @] = probability that two AABBs on level /
overlap each other

= In the following, just write P[ A() A B(D ]

= X-Overlap oy := yo
length of overlap
of slabs of AABBs B

The Chain of Probabilities

= QObviously, the expected total nhumber of BV overlaps is

d d
Nv(m =Y A =3 alpra® ns®y (1)
=1 =1

= Recallthat X C Y = P[X] = P[Y] - P[X|Y]

= Turn P[A(’ ) U )] into conditional probability that "defers"
the probability up one level in the hierarchy:
PLAVNBN] = P[ADNBD | AU-DABUI-D) A o) - 0]
PIAU-D A BU-D A o) 5 0]
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= Resolve further:

PLADNBD ] = PLADABD | AU-DABU-1) 5 o() = 0]
. p[A(/*l) N B(/*l)]
Plo > 0] AU-D A gU-D)]

= "Unroll" recurrence:
PlAD B =

/
[T PLAD N BD | AU-D A BI-D A o) > 0]
i=1

/
[] PLof” >0 AU-D npl-1)]
i=1

g

The Geometric Probability

= Goal: estimate P[A() 1B | AU-D A gU0-D A o{) = 0]

= Terminology: ax

= Denote parent boxes by A, B A al,

ay

= Denote extents by ay, ay, by, by ]

) A
a 1

= Denote child boxes by Y B1
A1, Az, By, B2

B
= Denote child box extents by B>

/ /
ay, Ay, .-
y b

= Re-stated goal: estimate
DU = P[AiﬁBj ‘ AQB/\OX>O]

g
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= Assumptions for now:

* BV diminishing factor: &\ = axax, &), = ayay,

/

L
= Look at py; first:
- a L
= Preconditions: X
- x-overlap oy > 0, and $x

= BVs on same scale, i.e.: by &~ ax, by ~ ai[} etc.

etc.

- parent boxes overlap . "

= Probability:
_area(l) \—I
P11 = —_—ﬁarea(L) = ... = ayo0z.
L
= Good news:

P22 = P12 = P21 = QyQyz

= By analogous reasoning, we get:

P[OQ) >0 AU-D A B(lfl)] R rx
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= Plug all this into Equation (1):

Ny (n) < Z(Aﬂxayoéz)l S O(n'g(‘*a’xayaz))

I=1

= Effect of diminishing factor o :

a T(n)
1/4 O(lgn)
~035 O(yn)
3/4  O(n**®)

Experiments

= Experiment:
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= Construct simple AABB over CAD objects

= Count number of nodes in BVTT visited by simultaneous traversal

root BV overlap = 0.4

0

25000

50000 75000 100000 125000
n

5/16/06



L7,

= Experiments utilizing artificial BVHs:

= Controlled "layout" and diminishing factor o

= Experimental versus theoretical estimates:
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= Interdependence between o and root BV overlap d :

I
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Application

291

= Time-critical collision detection
= Probabilistic collision detection:
= Store average a at root of every sub-tree

= Estimate # BV overlap tests using our model

= Prioritize traversal based on this number

Conclusions §

i

= Average-case analysis of simultaneous traversal of AABB trees
= New model to estimate the average running time

= Experiments to support correctness of our model
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Future Work

= Improve model:
= variable BV diminishing factor (probably easy)
= integrate root BV overlap into model

= Consider other BV types (possibly hard)

= Utilize for probabilistic collision detection

= Derive method for average-case analysis of running time for
concrete BVHs
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