ACTIVE SENSING

Lecture2: Motor principles
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Basic muscle operation:and control
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Muscles have onetrick: .contraction

muscle

flexion

extension
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Muscles have onetrick: .contraction
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Muscles have onetrick: .contraction
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Muscles have onetrick: .contraction
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Muscles have onetrick: .contraction

Force => translational motion

Torque => rotational motion
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Elbow rotation




Muscles

Muscles consist of arrays of individual fibers,
muscle fibers covered by a membrane. Fibers are
constituted from smaller contractile units called
myofibrils.

h
ﬁ

Inactive active
state state

AVuscles havective state when theycontract
(shorten) and inactive state when they lengthen.

Acibers that work together asgnergistic.
Antagonistic fibers work in opposition to each
other.

Avuscle fibers differ in dynamic range:

: : myofibril
slow: slow, long duration, low tension 4 )
fast fatigue-resistant: fast, medium duration,
medium tension 111@
fast fatigable very fast, short duration, high tensio Useyq S

lib,.

Ehud Ahissar/ Active Sensing / Motor principles



Twitch, tetanic force, fatigability
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Motor Units

Each muscle fiber is innervated by Constituents of Motor Units

only a single axon, but a single
axon innervates several muscle Qtor neurons
fibers.

The motor neuron and the muscle
fibers it innervates constitute a

motor unit.

The size of motor units varies with agags
the precision of movement control: HH b
Leg: >1000muscle fibers per unit Rl
Eye: <100 muscle fibers per unit I f;’

. . Muscle fibers
MU resolution a A RF resolution
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Excitation Contraction Coupling

/
Phasel: O :%

Firing of Motor Neuron Input to motorneuron

Phase;
Release of Neurotransmitter
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Excitation Contraction Coupling

/
Phasel: O :%

Firing of Motor Neuron Input to motorneuron

Phase;
Release of Neurotransmitter

PhaseS:
Muscle contraction
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Open-loop system

Information flows in one
direction (from neurons
to muscles
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Open-loop system

Information flows in one

direction (from neurons
to muscles

o.’%

Input to motorneuron
Closedloop system A 4
Information flows in a .

closed loop: from

neurons to muscles and
from muscles to
neurons

What kind of information ?
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Closedloop system -y

® 5
4
The direct feedback from “ ~~
muscles and joints is mediated %, =
by proprioceptive signals ‘e, J

Proprioceptive receptor types

I
l I |

Name: Muscle spindle Golgi tendon Joint receptors
receptors organs
Sensitive to: muscle length muscle tension Flexion, extension
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Proprioceptive receptor types

I
l I |

Name:; Muscle spindle Golgi tendon Joint receptors
receptors organs
Sensitive to:  muscle length muscle tension Flexion, extension
Location: Fleshy part of Between muscle  Joint capsule
the muscle and tendon
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Proprioceptive receptor types

Name: Muscle spindle Golgi tendon Joint receptors
receptors organs
Sensitive to:  muscle length muscle tension Flexion, extension

Group [a
afferent fiber

o Motor
nauvions

@32/ |
e

1 Matot
. neuron;
o el se
i \wmonz

1 Mdt0!
neuron!

Dynamic gamma
motor neuron

Group I
afferent fiber

T~AxXon

+ Collagen fiber

Static gamma
motor neuron
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What proprioceptors encode?
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Proprioceptive receptor types

I
l I |

Name:; Muscle spindle Golgi tendon Joint receptors
receptors organs
Sensitive to:  muscle length muscle tension Flexion, extension

From
Arthur Prochazka,
University of Alberta
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Proprioceptive receptor types

l
Name: Muscle spindle
receptors

Sensitive to:  muscle length

Encode:
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Golgi tendon
organs

muscle tension

force
f=k,F

I
Joint receptors

Flexion, extension
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Name:

Sensitive to:

Encode:

Proprioceptive receptor types

I
l I |

Muscle spindle Golgi tendon Joint receptors

receptors organs

muscle length muscle tension Flexion, extension
Length + velocity force angle

interneuron

-—1——| Extensor
muscle

~ Joint
receptor

e muscle
Golgi
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Name:

Sensitive to:

Encode:

Proprioceptive receptor types

l

Muscle spindle
receptors

muscle length

Length + velocity

q

Ehud Ahissar/ Active Sensing / Motor principles

|
Golgi tendon
organs

muscle tension

force

f=k,F

interneuron

\

\\

| | |Cutaneous
o

| \ \receptor
B

| L\ \ \f 1,

\
Lo

\\

~ Joint
receptor

e muscle
Golgi

tenaon

P T =]

I
Joint receptors

Flexion, extension

angle

F=kqQ

q

23



PID control

Proportional ' (to the controlled variable) Present g
Integral = (of the controlled variable) Past q
Derivative - (of the controlled variable) Cuture q

In the absence of knowledge of the underlying process,
a PID controller is considered the best controller
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Positive and:negative loops
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Negative feedback loop

Characteristic = : The effect of a perturbation is in opposite direction
Requirement ' : The cumulative sign along the loop is negative

Function: : Can keep stable fixed points

A Convergence onto
group lb interneurons

Cutaneous afferent

Ib afferent
Motor neuron | /
Descending
Da

X
X

0
@)
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Positive feedback loop

Characteristic = «: The effect of a perturbation is in the same direction
Requirement . The cumulative sign along the loop is positive

Function: : amplifies perturbations

A Convergence onto
group lb interneurons

Cutaneous afferent

Ib afferent
Motor neuron | /
Descending
Da

X
X

0
@)
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Loop type

Motor neuron

Negative feedback loop
Dx(t+Dt) =-f [D X) ] fis mgnotonic increasing

Positive feedback loop
D xt+Dt) = f [D Xt) ] fis menotonic increasing
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Reflexes

probing closedloop control
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