Simulation in Computer Graphics

Exercises - Notes

Matthias Teschner

Computer Science Department
University of Freiburg

Albert-Ludwigs-Universitit Freiburg

UNI

FREIBURG



Collision Handling at Planes

after time after collision
integration handling

e.g., reflect predicted
position and velocity
at the collision plane
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Euler with Collision Handling

= predict position and velocity at t+h
X,y = Xt + hvy
Vi, =Vi+ha
= collision detection
= collision handling
X¢4p = reflect x5,
viyp = reflect vy,
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Heun with Collision Handling

» predict position and velocity at t+h
X;Ek—l—h — Xt -+ th

Vi, = Vet ha
= collision detection
= collision handling
X, = reflect x;
v;i, = reflect vy,
= predict acceleration at t+h
a; (X Vits)
= compute final position and velocity
Xerh =X¢ + 5 (Ve +ViT,) Vign = v + 2(ay + ajl,)
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Verlet with Collision Handling

B Xith = 2Xt — X¢_p + h2at
= How to reflect the velocity in case of a collision?

= Solution: rewrite Verlet using a velocity approximation

" V= %(Xt — X¢—p)

B Xit+h — Xt + %(Xt — Xt—h) + hQat = X; + th -+ h2at
= Now, the standard concept can be used

Xy =Xt + hvy + h?a,
Vitn = %(X:—l—h — X¢)

= collision handling
X¢4p = reflect xj
vipn = reflect v,
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Implicit Euler — Mass-Spring-System

» for a particle |

xith  — x§+hvt+h

7 7

1
vith = vty hp—FiTh(xith . xtTh)
(] m [/

1 1 ? Y ]

= for a set of particles

it = (T XD

V= (VI )T

Ft(x') = (F{,Fy,....F))T

M = diag(my, mi,mi, ..., My, My, My,) € R33N

xtth — xt 4 pytth
Vt—l—h _ Vt T hm—lFt—l—h(Xt—l—h)
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Example

= three particles

t __ t t t t t t t t t \T
X = (ml,mvxl,yaxl,zvx2,wﬂx?,yvx2,27x3,$7$3,y7$3,z)

t __ t t t t t t t t t \T
V= (Ul,a:v Ul,y? Ul,z? UQ,:L" U2,y7 U2,z7 US,JS’ US,y? US,z)

F*(x") = (FY ., IV, FY ., F5 ., IS F5  Fy ., F
( g\

Ft )T
533, 7yj 52:’ 333) Jz’ 333) Jy’ BJZ
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xtth — xt 4 pytth
vith = vt 4 pM LRt (xtHh)
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Force Linearization

= We have to solve a system to compute v at t+h
Vt-l—h — Vt 4 hl\/I—lFH—h(Xt—l—h)
Mvt—|—h — Mvt i th+h(Xt—|—h)
Mvith = Mvt i th-I—h(Xt T hvt—l-h)

s force linearization
__ OFt nxa3n
Jt(Xt) = 25 c RS X 3
Mvith = Mvt + h(F(x!) + Jt(xt)hviTh)
Mvi*h = Mv! + hF(x?) + h2Jt (x)vith

(M — h2J!(x")) viTh = Mv! + hF!(x")
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Jacobian

= In the Jacobian J?, a spring force between x} and x
is represented by four sub matrices
3x3 t 3Ix3 t 3x3 t 3x3
Ji ; € ROX2, JL € ROXY, Ji,,,;-e.R 2 I € R
that are accumulated at positions
(3¢,37), (37,34), (31,30), (34,37)

OF?
V= G € R

3y = 52k (o = xi) — Ly o)
=ks( I+x3xg(l—ﬁ&j—x»(xj—xiﬁ))

—_Jt = Jt = _Jt
o J’LJ JJaJ JJa'L
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Example

= three particles x| x} x4

= two springs connecting x} x4 and x% x}

t
/8 L1, x . 8FLUI:L'\

8391 . axs’z
t
th — : .
OF; oF!
L3,z L. L3,z
8:1:3}50 8:1:3,;,/
2 t t
Ji1 Jio Jis gt
t t t t t _ i
Jo=1Jd21 Js2 Jag Jii = 50
2 t t v
J3,1 J3,2 J3,3
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Example

» force F% depends on spring 2, i.e. positions x5 x4
= force Fi does not depend on position x|
= similarly, F{ does not depend on position x}

= therefore, 0 0 O
Jg,lz’]ﬁ,?): O O 0
0O 0 O
= and
Ty i, 0
J;‘;(t — J2’1 J%,Z J%,B
0 J3,2 J3,3
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Example

= J! . hasto be computed,

if F; dependson x|

= J! . hasnine components

t L c'?Fl,m
| eg, Jl,a:,l,a: — aml,m

¢
Fy, =ki(r22 — 710 — L1

L2 x—T1,x )

V(@22 —m1,2) 2+ (22,4 —21,4) 2+ (22, —21,2)?

-1,/ — L2 »—T]1.x 5 L 2 L2 x—Ll,x —1
apl,gc_kl(_l_Ll V(@20 —w10) 7= 2 )( >)

01 ¢ \/—2

o =k (14 Lu( - Lrpaly)

6F11,:U _ L1 (372,3:_331,33)2

s = ki (—1 + f(l — )) 5
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