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Agenda

8:30 — 8:45
8:45 — 9:00
9:00 — 10:00

10:00 —10:30

10:30 — 10:45

10:45 — 11:55

11:55 — 12:00

Welcome and goals of workshop
— Sam Hamner & Massimo Sartori

Introduction to the GUI
— Sam Hamner

Guided GUI Example and Exploration
—Sam & You

Break

Introduction to the API
— Massimo Sartori

Guided API Example and Exploration
— Massimo & You

Closing remarks
— Sam & Massimo
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Plan for the Session

Going from subject
motion to joint
kinematics
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Plan for the Session (cont.)

pd static forward

tiuntrul optimization dynamics Going from JOInt
e T '(\ ] moments to muscle
W forces




The Inverse Problem

Forces ‘ Moments Accelerations Velocities. || Angles
Musculoskeletal Multibody d d _|position
A ol . = <
Geometry Dynamics dt | dt Data
<
< Force
Data
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The Inverse Problem

Forces ‘ Moments Accelerations Velocities. || Ang

Musculoskeletal Multibody d d
Geometry - Dynamics ot 'l dt
: Force
Data

Video Cameras
Reflective Markers

B
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The Inverse Problem

Forces ‘ Moments Accelerations Velocities. || Ang

Musculoskeletal - Multibody
Geometry Dynamics

Inverse
Kinematics
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Computing Joint Kinematics

/ )
1

Marker Error




The Inverse Problem

Forces ‘ Moments Accelerations Velocities. || Angles
Musculoskeletal . d d _lPosition
Geometry dt dt "7 pata
Force

Data

Inverse Inverse
Dvnamics Kinematics
m, | X, X, X LF_ = mx

r

by, ¥,y LF, = my

6,6,6 sT=16
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Input: Experimental Results % é é % é
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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

X, X, X YF = mx

Y, V, Y LF, = my

0,6, sT:=1I6




Output: Net Joint Moments

Joint Moments (N-m)
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Biomedical Engineering

OpenSim Example: Upper Extremity

e 15 degrees
of freedom

Annals of Biomedical Engineering, Vol. 33, No. 6, June 2005 (© 2005) pp. 829-840 e
DOI: 10.1007/510439-005-3320-7 #BMES

e 50 muscle-
tendon
actuators

A Model of the Upper Extremity for Simulating Musculoskeletal
Surgery and Analyzing Neuromuscular Control

KATHERINE R. S. HOLZBAUR,! WENDY M. MURRAY,? and ScoTT L. DELP??

!'Mechanical Engineering Department, Stanford University, Stanford, California 94305; Bone and Joint Center, VA Palo Alto HCS,
Palo Alto, California 94304; and jBioeang:;ineering Department, Stanford University, Stanford, California 94305

Kate Wendy Scott




OpenSim Example: Upper Extremity

e |
Inverse Kinematics (\m 4
e 2 Joints %74
e 3 Markers Shoulder z Shoulder
marker : elevation

Inverse Dynamics

e 2 Joint Moments
Elbow
marker

Elbow flexion

Wrist |
marker R
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The Inverse Problem

Forces ‘ Moments Accelerations Velocities. || Angles
Musculoskeletal Multibody d d _|position
A ol . = <
Geometry Dynamics dt | dt Data
<
< Force
Data

OpenSim Tutorial SIMPAR 2010



Overview of Forward Dynamics

< Inverse

Forces ‘ Moments Accelerations Velocities. | Angles
Neural Muscle + Musculoskeletal __ Multibody — __ %t calt <. Observed
Command Physiology Geometry Dynamics ‘ Movement
<
Velocities.
EMGs Forces Moments Accelerations Angles

Neural — Musculote_ndon »Musculoskeletal_» MuItibo_dy - J‘J‘ -, Observed
Command Dynamics Geometry Dynamics Movement

Forward >




Elements of a Forward Simulation

Velocities.
FMGs Forces Moments Accelerations Angles
Neural Musculotendon _>Musculoskeletal_> Multibody . J‘J’ Observed
Command Dynamics Geometry Dynamics Movement
CONTROLS

* muscle excitation

SOURCES

* EMG
* Static optimization
* Controller
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The Neuromusculoskeletal System

Velocities.

Moments Accelerations Angles

Neural Musculoskeletal_> Multibody > J' —» Observed
Command Geometry Dynamics Movement

Science
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The Neuromusculoskeletal System

Velocities.

EMGs Moments Accelerations Angles

Neural __~ Musculotendon —»  Multibody J‘ —» Observed
Command Dynamics Dynamics Movement
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The Neuromusculoskeletal System

Velocities.
EMGs Forces Moments Accelerations Angles

Neural Musculotendon _ Musculoskeletal J‘ —, Observed
Command Dynamics Geometry

Movement
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Forward Integration

Velocities.
EMGs Forces Moments Accelerations Angles
Neural Musculotendon _, Musculoskeletal _ ~ Multibody Observed

Command Dynamics Geometry Dynamics Movement
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How did your Simulations Compare to
Observed?

EMGs Forces Moments Accelerations Xﬁlolceiges.
Estimated _, Musculote_ndon _, Musculoskeletal _ Multibo_dy - ”‘ —» | Simulated
Control Dynamics Geometry Dynamics J. Movement

Controller I
Observed
Movement

Solution: Close the loop!




Computed Muscle Control

Forces Moments Accelerations Xelolcities.
ngles
Estimated _, Musculotendon __ Musculoskeletal _ ~ Multibody J‘J’ — | Simulated
Control Dynamics Geometry Dynamics Movement

Accelerations(t+T)

Controls=x(t)

PD Control

Observed
Min: J(f(t+T)) : Movement

Subject to:

F(Xin (1)) < F(E+T) < (., (1))

min

f(t+T) e e
Dynamics
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Computed Muscle Control Tool:

Estimated - Musculotendon
Control Dynamics

Controls=x(t)

N—

Forces Moments Accelerations Velocities.
Angles
. Musculoskeletal _~ Multibody > J‘J‘ — | Simulated
Geometry Dynamics Movement
Accelerations(t+T)
Static
Optimization+ PD Control
Observed
v Movement
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OpenSim Example: Upper Extremity

Inverse Kinematics

e 2 Joints houl
e 3 Markers Shoulder Shoulder
marker :
elevation
Triceps Biceps
e Long head e Long head

. e Medial head
Inverse Dynamics . |ateral head

e 2 Joint Moments

e Short head

Brachialis
Elbow
marker

Computed Muscle Control Wrist
e 6 Muscle-tendon actuators marker

Elbow flexion




Main Points of the Session

Inverse kinematics
determines joint
kinematics from
subject motion
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Main Points of the Session (cont.)

CMC estimates muscle
forces from joint
moments & tracking
motion




Continue Using OpenSim

« User's Forum on SimTK.org

« OpenSim Development Team

« OpenSim Workshops at Stanford University
— March 16-18, 2011
— August 15-17, 2011

« OpenSim Fellows Program - Summer 2011
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