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Data Structures System Dynamics:

. Nodei i=l... typedef struct node{
float mass;
— Mass: m; vector position;
— Position: X,()=[x,(1).y(1),z, )] vector velocity; ml X[ + 7/1 X[ - gl - fl = 0’
~ Velocity: v (1) =dx,(t)/dt vector force;
— Accelaration a,(?)=d’x,(t)/dr’ finode;
— Netnodal force:  f7*/(1)

» Lagrange equations of motion:

typedef struct spring(
node *n1;
— Connects node j to node i T + fis the external force at node i
— Natural length /. S resllflength;
i double spring_constant;
— Stiffness } spring;

* Spring * ¥ is damping coefficient

+ g, total internal force on the node i due to neighboring nodes

System Dynamics: Equations of Motion

Lagrange equations of motion: void compute_forces(int num_nodes, node *nds,
« Lagrange equations of motion:

. . _ int num_springs, spring *sprs)
i Viki—G—fi=0
miXi+yiXi=8;~fi ’ { zeroize_forces(num_nodes, nds);
F =—Y.xs o . — ¥, is damping coeff spring_forces(num_springs, sprs);
- x;+g;tf i 4 ,
Zloal yl l gl l — f;is the external force at node i damping_forces(num_nodes, nds);
.o — g, total force on the node i due to extemnal_forces(num_nodes, nds); }
Fl. total = mlxl springs connecting node 7 to
’

neighboring nodes void time_step(float dt, int num_nodes, node *nds,

int num_springs, spring *sprs)
* ), is damping coefficient

Explicit Euler time integration: {vector accel, delta_vel, delta_pos:int i;
« f, is the external force at node i

f:-”” @)=f; ()7 x; (1) +g;(t) =—> compute_forces(num_nodes, nds, num_springs, sprs,
e for (i=0; i<num_nodes; i++){
_ fi vscale((1/ nds[i].mass), ndsfi].force, accel);
aj()=——

mj vscale(dt, accel, delta_vel)
.o 0 — . — 0 — . . . vplus(delta_vel, ndsi].velocity, ndsfi].velocity);
ml Xi + j/l Xi gl fl - 01 vilt+AD=v;()+Ara; (1) vscale(dt, nds[il.velocity, delta_pos);
xj (t+ A1) =x; (1) + At v (t+ A1) vinc(delta_pos, ndsfi].position);}}

+ g; totalinternal force on the node i due to neighboring nodes

Force Computation (Cont.) Mass-Spring Forces

+ Damping Forces: 7 Xj ) void damping_forces (int num_nodes, node *nds) + Spring Forces:
{ vector force; int i;
for (i=0; i<num_nodes; i++){
vscale(DAMPING, ndsfi].velocity, force): _ .
vdec(force, ndsfi].force);}} g 0= . ) Sij
JEN;
void external_forces(int num_nodes, node *nds) the force spring ij exerts on node i
{inti; node *nd; vector p; float val;
for (i=0; i<num_nodes; i++) {

d = &ndisf]
£(0) =y | datal(x,(0)=x, 1) | " nd_”)pf's]mm

- g,-(l) total force on the node 7 due to springs connecting it to neighboring nodes j € N;

« External force (very simple) :

— springs attached to the data from each
mesh node

_ rij
W*WWFW
y

2/

rij = X; node separation
— project the position of nodei x,()  — valsimage_interp(p.x, p.y, IMAGE_DATA);
into the data, and extract the value at

HrUH actual spring length
that location  data(x, (1))

calculate the force using a data spring = nd->force.z += IMAGE_CONST*(val - p.z);
constant k

ejj = HrUH —ljj spring deformation, l[j natural spring length
data B

kij is the spring constant for the spring connecting node i and node j




Mot (Comp i Adaptive Image Reconstruction
*  Spring For
total force on the node i due to 2/?:: i.springjorces (int num_springs, spring *sprs)
for (\20 i<num_springs; i++) spring_force(&sprsfi]);}

void spring_force (spring *s)
{ node *node1, *node2,
double length, extension, scale_factor;

— the force spring erts on node i

i =

j
vector direction, force;
i

node1 = s->n1; node2 = s->n2;
Xj~Xj is separation of nodes = yminus(node2->position,node1->position, direction);

H"”H is actual length of spring = length = vlength(direction) ;

ejj= HrUH ~1jj is deformation of spring = deformation =length - s->rest_length;
B> scale_factor = ((deformation * s->spring_constant)/length);
B> vscale(scale_factor, direction, force);
vinc(force, node1->force);
vdec(force, node2->force);}

Adaptive Meshes

* Use Lagrangian equations of motion to simulate mesh dynamics.
miX;j+ty;xj—g;—f;=0,

« The internal spring forces have spring “constants” that va ding to a data
dependent function, such as the magnitude of the gradient.

ri
« Digital Image:

* Adaptation function: 7 * G = gaussian
* Observation:

« Spring “Constant™: s according to the adaptation function

by ==k ptp k. p=50,+0)

Adaptive Surface Reconstruction

Adaptive Surface Reconstruction

=




Springlens

Distributed Nonlinear Magnifications

Tobios Germer
Timo Gétzelmann

Martin Spindler Department of Simulation and Graphics
Thomas Strothotte Otto-von-Guericke University of Mogdel

Mass-Spring Systems Applications Heating and Melting Deformable Models

Surface Reconstruction:

Deformable objects capable of:

¢ Heat conduction,

¢ Thermoelasticity,

*  Melting and fluid-like behavior in the molten state

Cloth simulation

thermal conductive element

Thermoelasticity Heat/Diffusion Equation

+ Spring stiffness, k,./ is a function of @

Tt « Diffusion of heat in materials:

2 (uo0)-v-(cv0)=g
6 f

Heat is conducted from high temperature to low
_ = temperature .

thermal conductive element L . . .

The rate of heat conduction per unit area is

) . roportional to the gradient of the temperature.
k” if o <o prop gl !

k() _ V(HU —0 v) if O <9 <O The amount o.fheat req.uired to raise the te{nperature ofa mat‘erial
Yy ) N theta degrees is proportional to the mass of the sample per unit
v=Fk //(6’ n_ Qs ) N volume and the proportionality factor sigma, the specific heat of the
ij | ww

material.
if g > 6"




Heat/Diffusion Equation

Diffusion of heat in materials:

0

< —v.(CV)=

o e0)-V-(CVE)=q

rate of heat generation/loss per unit volume
mass density, kg/m?

specific heat, joule/(kg:Kelvin), material property
temperature, Kelvin
thermal conductivity matrix, material property
V=|—, —, —| gradient operator
ou ov ow
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Liquids — Particle Models

Model long range attraction and short range repulsion forces
between pairs of particles according to Lennard-Jones
potentials.

Forces involving inverse powers of particle separation

Heat/Diffusion Equation
+ Homogeneous, isotropic material:

(uo6)—cv?o=¢

0
ot

* Discretize the heat equation:

u+Au,v,w u,y,w u—Au,v,w
pHo——_—c¢
2
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Thermoelasticity

Discrete Fluid Model

The total force on a particle, 7, due to all other particles

g.()= Z gi/'(t)

J#i

a B
g; () =mm;(x; =X,) —m + W
ij ij

a=2 and b=4

attraction term  repulsion term
—_—

« and [ determine the strength of the attraction and repulsion forces
=[x, -x,

¢ minimum required separation between particles




Pixar’s “Geri’s Game”
Particle-Based Liquid

Particle-Based

Liquid

Viscoelastic Element Viscoelastic Element

restlength 7, voigt element miii aF 7/1'5‘1' + cl.jrl.]. =f |, effective stiffness:

stiffness £, 1

klfef/ + /‘Vl/él/
O— X . +y 3 r,=f| 97
mass m, m.X. X.—c.r. =f. ]
position x,(r) J J 7/] J yy J
velocity v,(0)=x,(2)

acceleration a,(t)=v,(t)=X,(1)

damping y;
mo 0% | 7 01X
r +
X ; 3 5 )0 — 0 m, | X, 0 7. |x.
n1z'xi+}/ix[+(k[/'('1/'+)/i/'('i/') =f; r=X —x S Vi 1%
v ) HH ‘ —
T =y

* Equations of motion

I'I-,-

m_/.X,.+)//.X/.—(kl./.e,,.+y,,.e'”.)r—7 i ey=n—, M x+ G x

i

Implicit Numerical Solution Implicit Numerical Solution

MX + GX + KX — f (%X“At _%er+(Gth4At)+(Ktxt +AthXt4At):fr

discretize time: ¢ = 0,A1,2At,---,1,t + At,--

Xl+,\l — X’ +Al X’Jﬂ\’ XH—AI :Xt +At~xl

XY = x ALY XY =x" AL (z/l‘i‘ G+ Athj KM g +Z/lxt _K'x'
t

- XH»,\/ — (X/—r\/ *)‘(l)/Al‘ XHAt

(M XHA[ _ M

3 t o t+At tt tet+At ) __ gt
As At!«{j+(Gx )+(Kx + AtK'x )—f

A, effective system matrix b, effective load matrix




Semi-Implicit Euler Skyline Storage Schemes for System Matrix A
A isa n’xn’ matrix that typically requires O(n3) storage.

m m .
Lty —cNt ¢, A\t A+ = (XX
i ij ij D. 1 1 Ui 1 J

= Skyline
m; e || om
o\ E’ +y,—c;At | X; f, +E’\’/ +¢,(x; —x))

Symmatric

t+At t+At

XM =x"+Arx

Solving for Nodal Velocities

e Factorize: AT=LDLT where D = diagonal matrix
L = lower triangular

LDLT XH,\r — br

t
L Q =b
* Solve lower triangular system for Q (forward-substitution)

* Solve upper triangular system (back-substitution)
DLTlerA[ — Q
LTXHAI — D—IQ XI+AI — Xr + At XHA[




