XTIPEEIAIT, B— T e 8
Final Project FFMNFFIREE

B, EE.
Mass Spring System FREH#ERYE

Idealized spring

e\\W\-e f,_p=Fksb—a)
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Force pulls points together
Strength proportional to displacement (Hooke's Law)

ks is a spring coefficient: stiffness
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Damp only the internal, spring-driven motion

Relative velocity of b,

. assuming a is static (vector)
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a b f = —kd—— (b - d) *
b b —al|, |6 — all
Damping force [ Direction from
applied on b Relative velocity projected to atob

the direction from a to b (scalar)
® Viscous drag only on change in spring length

® Won't slow group motion for the spring system (e.g.
global translation or rotation of the group)

® Note: This is only one specific type of damping
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Euler’s Miethod o

Euler's Method (a.k.a. Forward Euler, Explicit Euler)
® Simple iterative method
e Commonly used
® \/ery inaccurate

® Most often goes unstable
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Instability of the Euler Method

The Euler method (explicit / forward) ==
NN
! TA = gt + Atw(x,t) [z
W)
Two key problems: NS
® |naccuracies increase as time step
At increases VALY /
® |nstability is a common, serious R /
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problem that can cause simulation
to diverge N
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Miapoirit Method

Midpoint method

® Compute Euler step (a)

o

® Compute derivative at midpoint of
Euler step (b)

® Update position using midpoint
derivative (c)

Tmid = z(t) + At/2 - v(z(t),t)
z(t + At) = z(t) + At - v(Tmia, t)
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Vioditied Euler

Modified Euler
® Average velocity at start and end of step

® Better results

At
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Adaptive Step Size

Adaptive step size

® Technique for choosing step size based
on error estimate

® Very practical technique

® But may need very small steps!

Repeat until error is below threshold:
® Compute xt an Euler step, size T
® Compute x7/2 two Euler steps, size T/2
® Compute error Il xt — x7/2 |l

e |f (error > threshold) reduce step size
!nd try again

How to determine / quantize “stability”?

® We use the local truncation error (every step) /
total accumulated error (overall)

® Absolute values do not matter, but the orders w.r.t. step
® Implicit Euler has order 1, which means that
- Local truncation error: O(h2) and

- Global truncation error: O(h) (h is the step, i.e. At)
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Runge-Kutta
Runge-Kutta Families

BUREITTAS

A family of advanced methods for solving ODEs
® Especially good at dealing with non-linearity

® |t's order-four version is the most widely used, a.k.a. RK4

Initial condition: RK4 solution:
d 1
d—ztl = f(t,y), y(to) = w- Yni1 = Yo + Shks + 2k +2ks +Ka),
tn+1 = tn + h
where
h k
k1 = f(tnvyn)v k3: f(tn+§,yn+h72),

h k1
-k2=f(tn+5’yn+h?)$ k4: f(tn+h,yn+hk3)
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