ankle flexion

hip flexion

hip torque

knee flexion

knee torque

ankle torque

Inverse Dynamics
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Key Concepts

e Kinematics: coordinates and their velocities and accelerations
e Kinetics: forces and torques
e Dynamics: equations of motion

OpenSim Workshop



Kinematics: Coordinates and
their Velocities and Accelerations

e Coordinate

— Joint angle or distance specifying
relative orientation or location of

knee flexi

two body segments time

e Coordinate velocity

— Derivative (rate of change) of a
coordinate with respect to time

e Coordinate acceleration

— Time derivative of a coordinate
velocity with respect to time

e Kinematics

— Set of all coordinates and their
velocities and accelerations

knee velocity

knee acceleration

time

OpenSim Workshop



Kinetics: Forces and Torques

e Kinetics
— Forces and torques cause the model to accelerate
e Force
— Applied to points (e.qg.,
ground reactions) or
between points (e.qg.,
muscles)
e Torque

— Applied to a coordinate
(e.g., joint torque)

OpenSim Workshop



Dynamics: Equations of Motion

r =M@4-C@d)-G@-F
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ID: Summary

Generalized (joint) forces
« NET JOINT FORCES
« NET JOINT MOMENTS

t  =M()4-C(q.0)-G(q)-F §
unknowns kno\(/vns
‘ > \.

¥
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Exercise

1. For the model shown on the right,
what is the value (0) of the knee
coordinate (Note: extension is +)?

B. -54.9°
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Exercise

2. Given that the model shown on
the right is at rest, what is the
velocity of the knee?

D. 0° /s

OpenSim Workshop



Exercise

3. For the model poses shown below at rest and
with gravity (g) as the only force acting on
the model, which pose requires the largest
torque at the knee joint ?

1‘,

| }Q

3 [ > a5
2
o I
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The Inverse Problem

( o )
X"(‘)SOOZV\/\/\A/\/W\/\/V\/\/\/\NV\/\M Dealing with noisy data
q t y

OpenSim Workshop



The Inverse Problem

Forces l Moments Accelerations Velocities. || Angles
._Musculoskeletal _ Multibody ~ _ d d | position
Geometry Dynamics dt ‘ dt Data
‘ Force

Data
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The Inverse Problem

Forces l

_Musculoskeletal
Geometry

Moments

Accelerations Velocities.

Multibody d d

Angles

_Position
Data

Dynamics Ot | dt

3 Forces
3 Moments
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The Inverse Problem

Forces l Moments Accelerations Velocities. || Ang

. Musculoskeletal Multibody

d
Geometry ~ Dynamics Gt | dt

Video Cameras
Reflective Markers

OpenSim Workshop



The Inverse Problem

Forces l Moments Accelerations Velocities.

. Musculoskeletal __~ Multibody
Geometry Dynamics

Inverse
Kinematics
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Differentiation Amplifies High-Frequency Noise

1 Hz signal 10 Hz noise
(@)
SNR = 20|
207 207
SNR = 2|
807° 400 77°
SNR =0.2]

OpenSim Workshop



The Inverse Problem

Forces l Moments Accelerations

. Musculoskeletal __~ Multibody
Geometry Dynamics

Inverse
Kinematics

OpenSim Workshop



The Inverse Problem

Forces l Moments Accelerations Velocities. || Angles

d _Position

Musculoskeletal dt
Data

Geometry

Force
Data

Inverse Inverse
Dynamics Kinematics

m,| X, X, X IF, =mx

r

# Y y’ V#ZFy:my

0,6,0 ST =16
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A Possible Inverse Dynamics Question

Experimental set-up

What are the sagittal
plane moments about
the ankle, knee, and
Nip during a maximum
Neight jump?

OpenSim Workshop



Inverse Dynamics Input: % § § é §
The Experimental Results

] ] dtsplace(rggg)t velocity ( rad/sec)
Experiments provide . 1.
foot j& .
e joint angles g
e angular velocities
e ground reaction forces N

140 1

................... 1o
L]
120 e Tttt eenaaeaaaeen ety
d \ 4
100 }
trunk 3
80t
-12
1 1 1 1
0 20 40 60 80 100

% of jump
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Inverse Dynamics Equations: Multibody Dynamics

e Planar 3 degrees of freedom

e Position (orientation) in global
coordinate system

e Segment length = [,
e Distance to mass center = r;

e Moments of inertia about mass
center

e Foot has no mass and remains
on ground

OpenSim Workshop



Inverse Dynamics Equations: Multibody

Dynamics

Solved algebraically
from the ground up

X, X, X ZF =mX
y, ¥, ¥y = ZF, =my

Joint Moments that
generate the motion

FREE JOINT... but...
Residual Forces /
[t =0 Torques due to over
}T determined system
Segment 1
H‘?1
Segment i-1
Segment 2
51
Segment 1
f

T Groun n’

”“‘\///////

Conditions




Inverse Dynamics Output: Net Joint Moments

240+

200+

160+

120+

80

Joint Moments (N-m)

40

T T T T T T
0 20 40 60 80 100

Percent Jump
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The Inverse Problem

Forces l Moments Accelerations Velocities. || Angles

d _Position

Musculoskeletal dt
Data

Geometry

Force
Data

Inverse Inverse
Dynamics Kinematics

OpenSim Workshop



Inverse Dynamics

#iopensin 2.2.0 b1 M= E3

File Edit Tools Window Help

A Mot P Time |0.533 —u oo
otion subject running_arms
et e Speed [ 1= 0.700 T I T T | 3.383

Navigator 40 X || Coordinates Viewl = _I_Iﬂ e X] _|_|ﬂ
=-(7) RRA_adjusted 3

+1- 4 Bodies

58 Joints

+- o Constraints

41 5% Contact Geometry

47 Forces

Markers
415 Motions

Associaked motion: subjectDZ_running_RRA_states to model: RRA_adjusted

TIPS & TRICKS

Filter your raw coordinate data

Make sure GRFs were applied correctly and check residuals on the body connected to ground

Compatre to previous literature data (if available)




