
Visual intera
tive simulations D 5p 2005-04-01Umeå University Lab 2Bone on a wire
Bone on a wireMake a simulation of a bone on a wire, i.e. a simulaion of a rigid body (the bone) 
onstrainedto move with one point along a spe
i�
 
urve (the wire) but otherwise a�e
ted by for
es (likegravity and air dag) a
ting on it.

A bone on a wire.Representation Represent the bone by a rigid blo
k. Use the rigid body stru
ture suggestedin [1℄
x q p L State variables
R I_inv v omega Derived quantities
f tau Computed quantities
m I_body I_body_inv ConstantsIn
lude also a body index (or name) if you are to extend the 
ode to several bodies.The Simulation Loop The simulation loop should roghly have the following stru
tureInitial 
onditionswhile (running)Cal
ulate position with respe
t to wireA

umulate external for
e and torqueCompute 
onstraint for
e and torqueTake a time stepCal
ulate the energy of the systemVisualization and renderingend 1



Initialization Assign values on 
onstants and 
hoose values for initial position, rotation andlinear and angular momentum. Make sure that the initial position is �on� the wire. Thevisual and physi
al shape of the bone need not be identi
al. The inertia tensor for standardgeometri
al shapes are well known.The wire See Lab 1.External for
e and torque As in Lab 1 the total for
e (and total torque) is made up by 
on-straint for
e fc (and 
onstraint torque τc) and external for
e (and external torque). In
ludethe gravity for
e fg = mg (with gravity ve
tor g a
ting downwads and with magnitudeequal to the gravtational a

eleration) and the linear (air) drag for
e fair = −κlinv (withdrag 
oe�
ient κlin). The total for
e on the parti
le is f = fg+fair+fc. The air drag alsoa
t to slow down rotation. In
lude external (air) damping torque τair = −κangω (withdrag 
oe�
ient κang). The total torque on the parti
le is τ = τair + τc.Constraint for
e and torque The 
onstraint is that a point on the body (with position x0

pin the body's lo
al frame of referen
e) is restri
ted to move along a line (one parti
ularline segment of the wire). The position of the point in the global frame of referen
e is
x = xcm + xp = xcm + Rx0

p. The 
onstraint is expressed the same way as in Exer
ise1 � 0 = ci ≡ r⊥ i for i = 1, 2 with two orthogonal normals n1 and n2. The generalized
onstraint for
e (a ve
tor in
luding both for
e and torque) is Fc = JT λ. The Lagrangianmultiplier is 
omputed from the equation (solve this by 
omputing the inverse of A)
Aλ = dwith A = JM̃−1JT , d = −JM̃−1Fext + JM̃−1 ˙̃

Mw − J̇w and where the Ja
obian for thisparti
ular 
onstraint and its time derivative are
J =

(

nT
1

(−n1 × xp)
T

nT
2

(−n2 × xp)
T

)

, J̇ =

(

0T (−n1 × [ω × xp])
T

0T (−n2 × [ω × xp])
T

)and M̃ = diag(M, I), ˙̃
M =diag(0, ω∗I − Iω∗) and w = [v, ω]. Add spring and damper
orre
ting terms to the Lagrange multipliers λi → λi − κsci − κdċi to prevent drift.Time stepping Integrate the equations of motion
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using Euler's method and 
ompute the derived quantities R, I−1, v and ω.Energy Cal
ulate the total energy of the system. What size of time steps are required forhaving variations in the total energy no larger than 1% of the average total energy duringthe simulation, when the air damping is put to zero.Visualization and rendering Use OSG or glut. See separate do
umentation.Comment As in Lab 1, large 
urvature on the wire 
an lead to os
illations and energy damping� use a smother 
urve for the wire in that 
ase.Bonus It is possible to earn one extra bonus point on this lab. Suggestions: i) make analysis ofhow the total energy depends on size of time step ii) in
orporate more bodies 
oupled tothe �rst by 
onstraint iii) extend the wire design to arbitrary 3D 
urves iv) implement amouse-spring for user intera
tion.Referen
es[1℄ A. Witkin, D. Bara� et al Physi
ally Based Modelling 97 � SIGGRAPH le
ture notes.2


