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1 Introduction

e Bowling collision simulation can be broken down into 3 components:

1. Translation and rotation of bodies
2. Determining when bodies collide
3. Determining where they go afterward
e This presentation is on collision detection. Various algorithms will be

presented — from simple/fast/crude to complex/slow/accurate. The
collision of 2 bowling pins will serve as the test case for most methods.

e Martin Baker’s website [1] outlines many of the techniques discussed.



2 Bounding circles or spheres

This is the simplest test possible:
e Construct a sphere around the 2 bodies of interest

e Test if the spheres are touching:

, where z, vy, and z locate the centers of spheres 1 and 2.

e This can be used in the events component of Matlab’s ode suite:

function [value isTerminal direction] = ...
events_spherecollision(t,x)

% Parse the state vector x into mass center coordinates
x1l = ...;

yl = ...;



zl = ...;

X2 = ...
y2 = ...
z2 = ...}
rl = ###;
r2 = #i#;
dx = x1 - x2;
dy = yl1 - y2;
dz = z1 - z2;

value = sqrt(dx™2 + dy”"2 + dz"2) - rl - r2;
1sTerminal = 1;
direction = -1;

e See bounding circles video.



3 Bounding boxes

e Circles and spheres work nicely for hockey pucks, but don’t resemble
bowling pins very well.

e Bounding boxes are better.

e Bounding boxes are drawn for each body in a common inertial reference
frame.

(Image from [1])



e Overlap can be tested with the following inequalities:

Apriin < Bonar and  Apnrar > Barin
AyMin < ByMaa: and AyMaa: > ByMin
A vrin < Boprar and A prar > Borin

Axmin ANax

. n i
B wmn - SHRAY Axmin < Bumax ./

Axmax = Bamin

(Image from [1])

e See bounding box video.



4 Oriented bounding boxes

e Bounding boxes in a common inertial frame are ok when the pins are
upright or laying down, but do not represent the bodies very well when
they are tipped 45° in any direction.

e Bounding the body with a box in its principle axes better captures the
body, but requires more computation to detect collision.

e | haven't tried this one yet.



5 Multiple bounding boxes

e One way to refine collision detection is to imagine that each body is
composed of several smaller bodies.

e You could use several boxes per body and detect if any box of body 1
is touching any box of body 2.

e Haven't tried this either.



6 Meshes

e To get a near exact representation of any general body, meshes can

be used. In other words, each body can be defined by n connecting
triangles, quadrilaterals, or polygons.

e Collision can be detected by computing the minimum distance of any

vertex on body 1 to any vertex on body 2. If this distance is less than
a certain threshold, flag collision.

e Alternatively, you could use fancier geometry to determine if any of
the polygons are overlapping.

e See mesh generation and collision detection videos.



7 Sphere-swept surfaces

e Recall how painless it was to detect collisions between spheres.

e The shape of a bowling pin conveniently lends itself to be constructed
of many spheres.

e Sce Lee et al., 2007 |2].

e Sce sphere-swept pin generation video.
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e The Matlab multivariable constrained minimization function fmincon
1s used to minimize

D(u,v) = [|Cy(u) — Co(v)|| — r1(u) — r2(v)

such that
Ax <b

s

The constraints impose that u and v do not extend beyond the range
of pin:

where

tmin < u < tmax
tmin < U < tmax

e Collision detection results will look the same as mesh results.
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8 Synthesis

e Meshes are accurate if you use enough vertices, but then they take
forever to compute.

e Sphere-swept surfaces provide an fast, accurate alternative for pins.
Using constrained optimization rather than checking each point makes
computation much taster. But still slow if you want to detect collisions
between 10 pins and a ball.

e Using bounding spheres or boxes as a preliminary test cuts down com-
pute time dramatically:.

e See video of psuedo-bounding spheres and sphere-swept collision de-
tection combined.
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