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Simulation of spindle model
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Simulation with gamma-activation
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Stimulation & stiffness
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Step response

100

30 Hz

Stim: 0.1Nm
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Stiffness ~0.02Nm/deg



B .
.I' )
h.
.I' ) IR “:
__,'-" I S . \.‘.'H'I
[ f \ ' P A
normal position elbow forward
Cc Extension torque Flexiontorqgue D E
perturbation perturbation biceps

_‘! :
Period cf/'

perturbation

15ec

Polit & Bizzi 1979



Various experiments

* Polit & Bizzi (described)
 Mussa-lvandi & Bizzi

— Spinal cord stimulation
— Primitives?
* Graziano

— Cortical stimulation
— Primitives?
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Figure 5. A simplified model of spinal force fields. The force field in (a) is the gradient of a Gaussian potential function defined
over the angular coordinates of the mechanism in figure 4. The force vectors converge towards a stable equilibrium point
indicated by the small cross, Gaussian potentials are smooth functions defined over the entire limb work-space. The gradient
defines i stable equilibrium and the forces grow in amplitude within a region defined by the variance of the Gaussian potential.
This bebaviour simulates the tendency of muscle-generated forces o grow until & critical amount of streteh is reached. Ar that
point the forces yield and then begin to decline. 11 is worth observing that in this mechanical context, the variamee of the
Gaussian potential has the dimension of compliance [the inverse of stiffness). The functions of tme in (4) and |4 are a smooth
step and a smooth pulse, respectively, When they multiply the Geld in (o) they generate the wave functions depicted in (¢) and
(¢}, The time corresponding 1o cach frame is indicated hy the shaded arcas in (8) and (d). The step feld enforces a persistent

equilibrium position, The pulse field is a transient response that emulates the

10 spanal

lation shown in figure 2,
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After effect
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Adaptation, 250 trials per group



Example of EMG activity
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Equilibrium point hypothesis?

* Think of a changing activation as the

movement of the equilibrium configuration of
the limb

* Ok for slow movements, but what happens
when moving fast
— Dynamical effects
— See the three-burst control

* |sthere more?



Lackner & DiZio: internal model
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Spinal control (model)
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