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Control Panel

The Control Panel appears on the right side of

your screen. Expand/Collapse the
Control Panel

File View Help &~ _Opbgx
* Audio il |
Sound Check mll 7

Computer audio

Submit questions and comments via the

Questions panel. % MUTED

Microphone (Corsair Vengeance.,

Questions will be addressed at the end of the Speakers (Corsair Vengeance 1..
presentation. If your question is not addressed,
we will do so by email.  Olestions o

When attendees arrive, show them this welcome
message

Ask a question
during the

presentatlon [Enter you question here...]

e
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Musculoskeletal Simulation

ANYBODY Body Loads

Modeling System  Joint moments
Muscle forces

.. * Joint reaction forces

Motion Data
Kinematics and Forces

[A] AnyBody - License - CAL reP
File Edit View Operation Tools Help.

D@ W X8 A 5| - [load i brectte W » M RunApplication -
EEF|R A Reploy: FEEAPEER: 1 1

Active Tools:  [£7] Main.HumanModel: Configuration

Model ~ 8 % | StandingPosturePrediction.main.any 4 b x| Model View1 vax o
Model Operations  Files //This is a model which can predict the posture as a consequence of spplied losds in hands A | ModelView1 | Chart1 DataView 2
//Tt does this by minimizing joint torques and apply balance drivers which account for external e
oy = . Qe e pe 0 180
coae /2pplied loads QIEEEG @ 0@ oo @
55 Main 7
147 HumanModel /" .
InputParameters //The model is driven by a conbination of the following drivers:
P! // * Drivers which minimize the joint moments (arising from gravity and applied loads in hands) in el
Model // * Driver which tries to kesp the CoP inside the foot stance area
& Kinematic_Pre_Study /7 * Feet maintain contact with the ground, but the position can be controlled by widgets
# Study /7 * Hands are linked to an object, of which positioning can be altered using widgets
7

» WidgetOperation

5 RunApplication 4

DrawsSettings //The current model has a force vector applied on the object being held between the hands with a zerc
1"

//Two type of loads can be applicd, cither a fixed weight of the object and/or a force vector

1"

//Te run the model

/1 * Load the model

// * Try to drag (click and drag) one of the widgets in the Modelview (seen as small coordinmate syste
/1 * when the widget is release the model will run the analysis

#include "libdef.any”
#include "jointlimit/Balance_template_foot_area.any”
#include "MinTorqueClass/MinTorqueClass. any”

Information v ax

/Iswitch to define if load is applied to both hands or a single hand

AnyMainFolder /IThree combinations LoadInRightHand,LoadInLeftHand, LoadInRightHand+LoadInLeftHand
#define LoadInRightHand 1

< >
Main Ln31 Col29

<

Model Tree:
Main

AnyScript Location: Output —

StandingPosturePrediictio

mainany (Line:36)  0.0) .Design variables have been updated.
0.1) . Kinematic analysis completed.
0.2) . Dependent variables are fully updated.
1.0) InverseD: (Operation: Main Stud
1.0.0) PreOperation (Operation: Main.Stucly. nverseDynamics.PreOperation):
1.0.0.0) InitialConditions (Operation: Main.Study.InitizlConditions):
1.0.0.0) .Design variables have been updated.
1.00.1)...Kinematic analysis completed.
1.00.2) .Dependent veriables are fully updated
1.0) Inverse dynamic analysis..
1.0) ..Inverse dynamic analysis completed

Ready
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AnyBody Modelling System
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Simulation-based Conceptual Exoskeleton Design

Prof. John Rasmussen
Department of Materials and Production, Aalborg University
Denmark

The AnyBody Modeling System, www.anybodytech.com



the scene



We are not going to do this

The AnyBody Modeling System + SuitX shoulder exo
Seiferheld et al.



Design science folklore

Fabrycky, W. : Life Cycle Costs and Economics. Prentice Hall,
4+ N.J. 1991, or Google “design cost committed”.

e

This is the focus of this -
presentation. This is where you pay
the money.

‘05, Production

n
»

Design process / Product lifecycle
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Part 2/3: Load analysis




The two models to compare

Baseline: Gait Actual working task



Knee compression force
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Patellofemoral reactions
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Lumbar spine compression
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Part 3/3:
Conceptual
design

There is a mathematical trick
inherent to inverse dynamics that
can compute an ideal force
anywhere in the system.




Model constraints

Kinematics Kinetics

Mocap markers:
Provide position only

Actual
mechanics

Joints:
Provide position and reaction

Mechanical
abstraction

AnyReacForce

AnyReacForce:
Provides reaction only



First idea:

Patella-femoral loads was a problem.
Can we fix this with an exo that helps
extend the knee?




Reaction forces for knee extension

AnyBedy - Standard License - C\Users\j\OneDrive - Aalborg Universitet\AnyScripts\MyModels\ExoConceptDesignWebcast\Subjects\511501_Trial0 T\ Main.any - m] X
We add the following to the model: |5 205 oo = o
g ® b4l = &1 A¢ 5 - [EhLload | ¥ RunAnalysisinverseDynamics -/ » Execute » m
1 BF B Replay: [ufl ] B 7 ] 140
Active Tools: DMal’n.HumanMode\ Configuration
4 ¢+ x| Model View 1 =ax I

Model ¥ B X | Mainany
Model  Files // Enter and edit data shared by all trials from this subject A | ModelView1 Chart1 D 3
- #path MOCAP_SUBJECT_SPECIFIC_DATA "../SubjectSpecificData.any" . 0] Iy z
«2Y - - - - A o z rd
= V4 L O G Y i i
Main
// Enter and edit data specific to this trial: ;

.
AnyKinMeasure &kl 5 ¢ ModelSetup
+ HumanModel #path MOCAP_TRIAL_SPECIFIC_DATA “"TrialSpecificData.any"

EnvironmentModel

Main.HumanModel.BodyModel.Right.Leg.Jnt.Knee; 6 8 Eric P

§ DrawSettings #include "<ANYMOCAP_MODEL>"

¥ RunAnalysis
: v #include "../../../CleanEnv2.any"

AnyKinMeasure &k2 = & 48 LoadAndRepiay y

Main = {

Main.HumanModel.BodyModel.Left.Leg.JInt.Knee; i -
AnyReacForce Reacs = {

AnyKinMeasure &k1 = Main.HumanModel.BodyModel.Right.Leg.Int.Knee;
AnyKinMeasure &k2 = Main.HumanModel.BodyModel.left.Leg.Int.Knee;

I
-~

AnyReacForce Reacs

sieqe|

} ; Information v o x 15
_ | ’
~
< >
AnyMainFolder Loaded - Main file Ln26 Col1
Output vox
Model Tree: 0.1.00.1) ..Load-time positions have been re-established. .

0.1.0.0.1.0) PreOperation (Operation: Main.Studies.InverseDynamicStudy.InitialConditions.PreQperation):
0.1.0.0.1.0.0) Operation Sequence: (Operation: Main.ModelSetup.Views.SetViewMacrosInverseDynamicView):

Anyf:rup.i !.?u 0.1.0.0.1.0.0.0) mer (Operation: Main.ModelSetup.Views.SetViewMacros.Inverse DynamicView.mcr):

#### Macro command : mer(1:1)> classoperation Main.ModelSetup.Views.InverseDynamicView Set View”

Documentation:
V - e

The following settings define the initial posture of the

Ready



Patellofemoral reactions without and with
AnyReaclorce
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|deal assistive knee moment as a function of angle
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The linear regression is a perfect spring, which we can build into an exo.
If the approximation is good enough, we should get a reduction of patella-femoral force




Spring definition

AnyVar k = -89.22;

AnyForce rSpring = {
AnyKinMeasure &kl = Main.HumanModel.BodyModel.Right.Leg.Jnt.Knee;
F = .k*k1.Pos-24.73;

}s5

AnyForce 1Spring = {
AnyKinMeasure &kl = Main.HumanModel.BodyModel.Left.Leg.JInt.Knee;
F = .k*k1.Pos-24.73;

s



Patellofemoral reactions without and with
Imaginary exo springs
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Second idea

* We define extensible rods
crossing the knees, hips and
lumbar spine.

* We equip the rods with
AnyReacForces to provide
ideal but unrealistic support.

* We perform the same
investigation as before.




Without and with ideal extension rods
(patella-femoral forces)
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Withot
(L5-S1 -

...JointReactionForce.L5SacrumProximoDistalForce
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Force [N]

700

200

100

The ”ideal” exo that will
offload the muscles as much
as possible. Less may suffice!
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Rod length [m]



Force [N]
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Spring
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Upright standing —
not important




Patella-femoral reactions
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Lumbar spine compression
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Conclusions

* Simulation-based conceptual
design of exoskeletons is possible
(with AnyBody).

* |In the absence of biomechanical
ergonomic guidelines, use a
baseline model of a safe activity,
e.g., gait.

* Use idealized AnyReacForces to
investigate potential of
improvement and get parameters
for passive actuators.

* You can go a long way with a few
iterations.
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Events

* Let’'s meet at WearRAcon 2022
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Thank you for your attention
- Time for questions
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