
My Grand Challenges

CS background: correct answers, quickly

I want robust simulation of robot dynamics for morphological design, behavior validation

I don’t care about model predictive control



I prefer coarse (simple) models
LuGre Model

The LuGre model, is described by

dz

dt
= v − σ0

|v|
g(v)

z = v − h(v)z, (1)

F = σ0z + σ1ż + f(v), (2)

where v is the velocity between the two surfaces in contact, z is the internal friction state,

and F is the predicted friction force. Compared with the Dahl model (see ”Dahl’s model”),

the LuGre model has a velocity-dependent function g(v) instead of a constant, an additional

damping σ1 associated with micro-displacement, and a general form f(v) for the memoryless

velocity-dependent term. The state z, which is analogous to the strain in the Dahl model, can be

interpreted as the average bristle deflection. The LuGre model reproduces spring-like behavior

for small displacements, where the parameter σ0 is the stiffness, σ1 is the micro damping, and

f(v) represents viscous friction, typically, f(v) = σ2v. For constant velocity, the steady-state

friction force Fss is given by

Fss(v) = g(v)sgn(v) + f(v), (3)

where g(v) captures Coulomb friction and the Stribeck effect. A reasonable choice of g(v) giving

a good approximation of the Stribeck effect is

g(v) = Fc + (Fs − Fc)e
−|v/vs|α, (4)

where Fs corresponds to the stiction force, and Fc is the Coulomb friction force. A typical

shape of g(v) is shown in Figure 1, where g(v) takes values in the range Fc ! g(v) ! Fs. The

parameter vs determines how quickly g(v) approaches Fc. The value α = 1 is suggested in [23],

while [24] finds values in the range 0.5 to 1, and [25] uses α = 2.
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LuGre friction model 
(the opposite of simple)

- initial conditions unlikely to be known perfectly + controls = high accuracy wasted

- minimal modeling parameters



…but without interpenetration-related artifacts.

SEGUE: My solution for testing this.



Challenge: evaluate multi-rigid body dynamics 
simulation accuracy without parameter tuning.

Key: not a halfspace geometry

Simulation doesn’t know the shape of the wire a priori. 

Initial state is consistent (bead is on the wire).

Can query the constraint function, but if you follow the gradient, you might jump to another part of the wire.




My “creative” idea: assemble an 
auto suspension and test it virtually.

Know nothing about joints.

Contact must work at large scale and small scales. Fasteners?


