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« Who & what is AnyBody?

Amir Al-Munajjed
(Presenter)

« What means Exoskeletons?

* QOverview: Exoskeletons with AnyBody

« Shoulder, spine, knee

Moonki Jung
(Panelist)

« Example “reducing knee & hip loads”
 How to import?
 How to connect?
« What results available?

* Questions & answers

Arne Kiis
(Host)
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Who is AnyBody?

AnyBody Technology

(Aalborg, DK; Boston, US)

* AnyBody Modeling System
» Licenses, Training, Support
» Consulting

AnyBody Research Group

« GER: OTH Regensburg — Prof. Dendorfer

« DK: Aalborg University - Prof. Rasmussen

Biomechanics, Ergonomics, Sport, Automotive

« US: Colorado School of Mines — Prof. Patrella

Biomechanics, Orthopedics, Sport

Biomechanics, Orthopedics, Gait
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What is AnyBody?

A nyBody B A nyBody
M odeling M anaged
S ystem

M odel
R epository

- Software/tool - Body Model
- Library of applications
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Output

Input

Activity/
Motion

Muscles:

forces, activity, power
Joints:

forces, moments,

a3
"2

4

Body Model
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Motion Capture (Vicon,
Quialisys, ...)
Joint Angle Input
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Product Design
Optimization

Gait Application

: Ergonomic Analysis
AnyGait

and Documentation

-

ANY

Modeling System
- /

~

Physiological Load Surgical Planning, -
Cases for Finite

El t Analvsi Evaluation & -Failure
g ement Analysis - Analyeis
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CAD environment model
(SolidWorks2AnyBody)

( Processing workflows\:

« Scripting e.g.
Python, Matlab.

« Optimization

Subject information /

j\ \_  Software =

FE-model
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An exoskeleton iIs a wearable robot attached to the human
body to influence or assist human motion.

Motion assistance for patients in rehab.
Muscular enhancement of industrial workers or soldiers .

Active engine to provide torque/force for joints.
Passive stiffness to support/limit body motion.
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Patients with no or low functionality In
extremities:

 Stroke patients

 Paraplegic patient

Learn to walk again.

ReWalk exoskkeleton
Argo Medical Technologies
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Lift heavy loads, perform
difficult tasks while:

« Keep low joint reaction forces.

o Limit muscle activations/ limit
muscle fatigue.

Honda
HAL 5: CYBERDYNE
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Support soldiers:
 Better endurance
 Carry heavy equipment

» Cover long distances

1INTYLS I,

“future soldier” US Army
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EXxoskeletons and AnyBody

AnyBody simulations help to:

 Find optimal parameters of exoskeleton
* Torque

Power

Kinematics

Stiffness

» Analyze effect of exoskeleton on human
« Joint loads
« Muscle activations (injured/non-active)

Bai & Rasmussen 2011
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Motion of picking up a phone, duration 4.6 seconds

Zhou et al. 2012, AAL Forum 2012
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Motion of picking up a phone, duration 4.6 seconds

e @

T T
e Before optimization
Q== After optimization

Maximal Muscle Activation
iy
Il

0 05 1 15 2 25 3 35 4 45
Time [s]

Zhou et al. 2013
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Effect of Actuator Moment on ind. muscles

Muscle Force Vs Time

1. Standard Control
2. Exoskeleton with:
e constant assistive moment
* variable assistive moment
* assistive moment
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Agarwal et al. 2010

Brachialis 2

Brachialis 1
Supinator humerus part 2

Supinator humerus part 1

=——©— biceps brachii caput breve

=~ biceps brachii caput longum

Triceps LH 1
Triceps LH 2
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Ulrey & Fathallah 2012, J Electro. Kinesiol
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Model Predictions of L5-S1 Compression and Shear Forces
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Ulrey & Fathallah 2012, J Electro. Kinesiol
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How to attach a exoskeleton to

the human? ' -"
Cho et al. 2012
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* “I have designed an exoskeleton, how
will 1t affect a human subject?”

Moonki Jung
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SolidWorks to AnyBody

 Translation of your CAD model into AnyBody

30l soLtowoRks  File  Edt  View Insert Tools Window Help Solidworks2nyBody S | O-F-H-%-

[A] Export to Anyscript
SolidWorks2AnyBody ~

- EXO_ROBOT.SLDASM | search flesand models (0 -| P - = [ &P 32

Clicking
this op...

Assembly | Layout | Sketch | Evaluate SolidWorkszAanndyl oM@ - o -
=il
(F~
S

Sensors

i-[A] Annotations
Q Front Plane
-y Top Plane
%y Right Plane
-~ Origin
-9 () THIGH_PART<1> (Default< <Default>_Display State 1>)
% (-) THIGH_PART<2> (Default< <Default>_Display State 1>)
+-% (-) SHANK_PART<1> (Default<<Default>_Display State 1>}
59§ (-) SHANK_PART<2> (Default<<Default>_Display State1>)
¢ % (-) PELVIS_PART<1> (Default< <Default> Display State 1]
& % (-) ANKLE_PART<1> (Default<<Default>_Display State 1)
-9 () ANKLE_PART<2> (Default< <Default>_Display State 1>)
-8 () FOOT_PART<1> (Default< <Default>_Display State 1>)
% () FOOT_PART<2> (Defoult< <Default>_Display State 1>) _3]
- Mates
- ] Temp
@ HINGE_HIP_LEFT (PELVIS_PART<1> THIGH_PART<2>)
@ HINGE_HIP_RIGHT (PELVIS_PART<1> THIGH_PART<1>]
~&y HINGE_KNEE_LEFT (THIGH_PART<2> SHANK_PART<1>)
@ HINGE_KMNEE_RIGHT (THIGH_PART <1> SHANK_PART<2>)
@ HINGE_AMNKLE_FLEXION_RIGHT (SHANK_PART<2> ANKLE_PART <13}
- HINGE_ANKLE_FLEXION_LEFT (SHANK_PART<1> ANKLE_PART<2>)
@iy HINGE_ANKLE_INVERSION_RIGHT (AMKLE_PART<1> FOOT_PART<1>)
@ HINGE_AMKLE_INVERSIOM_LEFT (ANKLE_PART<2> FOOT_PART <2}

mE - @ X

»

WiES

ol e

[ST4TF 7] Model [ Mofion Study 1
SelidWorks 2012 x4 Edition Under Defined  Editing Assembly MKS =«
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SolidWorks to AnyBody

AJ AnyBody - Standard License: New Workspace B =)
File Edit View Operation Window Help
ABSEHG LB TS TETR (B
3 Main [A] Model View1 E= [&3a) | [A] CADOCUMENTS\Company\Webcast\Exoskeleton\CAD\AnyScript\EXO_ROBOT.any - Loaded = (==
&2 EX0_ROBOT = = Y ., o Y
ANY_CTYRE, &I ‘ ‘ K, =P ‘ @
= I‘:Ia - s gy = AnySeg PELVIS PART__1 = =
rigin
21 Front_Plane r0 = {5.55111E123e-017, 1.1, -4 510281038e-017};
B2 Origin Ref AmesD={ {3.841617765e-D16, 1, -2.483118125=-034}, {4 .160925759=-017, -4 8572257
: g Mass = 5.073485499;
E 23 Right_Plane Jii = {0.0563488238. 0.1854171146. D 2180258564} ;
g 21 Top_Plane Jij = §1.71102485E2 005, ~3.0077991735-006. 5.959357616c-006
=

Geometry
Weight

Inertia

Joints

Reference nodes

(20 ANKLE_PART__1

-[Z ANKLE_PART_ 2

(11 FOOT PART__1

(10 FOOT_PART__2

[0 PELVIS_ PART__1

(£ SHANK_PART__1

(1 SHANK PART_ 2

(2 THIGH_PART__1

-3 THIGH_PART__2

(£ Mates

(1 HINGE_ANKLE_FLEXION_LEFT
(1 HINGE_ANKLE_FLEXION_RIGHT
{23 HINGE_ANKLE_INVERSION_LEFT
(21 HINGE_ANKLE_INVERSION_RIGHT
(20 HINGE_HIP_LEFT

(1 HINGE_HIP_RIGHT

(L3 HINGE_KNEE_LEFT

(23 HINGE_KNEE_RIGHT

Operations

| Model

Files

Globals Classes Files Model

Functions

«

sCoM = {5.149145441=-005, -1.419087554e-005, —0.03074743232};
JaboutCoMOnOff = On;
AnyDrawSurf drw =

FileNane = 'EX0_ROBOT.PELYIS_PART_cfgl_dcl185a5c5e9fo5d6128 511"
Opacity = 1;

RGE = {1, 0.5019607843, 1};

inyStyleDrawfateriall style =

EnsbleCreasing = On:
Creasingingle = 0.524;
r:

I
AnyReflode Origin =

sRel = {0, 0, 0};
AaR=l={ {1, 0, 0}, {0, 1, 0%, {0, 0, 1} };
1

AnyRefNode EXO_ROBOT_HINGE_HIP_LEFT =

sRel={-0.22, 4 704120538e-018, -0.1}:
A4R=l={ {-4.160925759=-017, £.959327037=-019, 1}, {0, -1, 6.959327037=-019}, {

inyDravRefFrane drw_node =

RGE = {1
Opacity = 1.
ScaleXTZ = {0.05424734163, 0.05424734163, 0.05424734163};
Visible = On;

0 5019607843, 1}:

i
3
AnvyRef¥ode EXO_ROBOT_HINGE_HIF_RIGHT =
sRel={0.22, 5.010330928e-018, —0.1};
ARel={ {4 160925759e-017, 6.959327037=-019, -1}, {0. -1, —6.959327037=-019}. ~
i D

Ln729 Cold2

@ Reset| b Run | M Step |

Model Load : C:\DOCUMENTS\Company\Webcast\ Exo:

Parsing..

Linking identifiers...
Evalusting constants.
Configuring model...
Evaluating model.

Loaded successfully.

Elapsed Time: 0131000

Constructing model tree...

i

ANY

TECHNOLOGY

22 February 2014



e \What actuator in exoskeleton?
* 6 actuators (hip, knee and ankle)

« 2 different actuators types (strong and
medium)

 How to attach exoskeleton to human?
* Pelvis, both of thighs, both of shanks

Moonki Jung
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 Definition of motion

» Parameterized joint angle definition available
» External forces

» Prediction of ground reaction forces
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torque [Nm]

-10
-15
-20
-25
-30
-35
-40
-45
.50

Hip Flexion Moment

) 0.5

I

time [sec]

1.5

e HUMan
===Human_med_EXxo
Human_str Exo

ANY

TECHNOLOGY

22 February 2014



force [N]

Hip Joint Force

2500
e=Human
2000
===Human_med_EXo
Human_str _Exo
1500
1000
500 \
0
0 0.5 1 1.5 2

time [sec]
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torque [Nm]

Knee Flexion Moment

time [sec]

£S 2

e HUMman
===Human_med_EXo
Human_str_Exo
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force [N]

Knee Joint Force
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e HUMan
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torque [Nm]
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Resuits in Exoskeleton

Hip Actuator Moment

e==med EX0

-30
=St EXO
-35 =
-40 .
time [sec]

Knee Actuator Moment

€
=
(¢B]
=
§ -60
-70
g e==med_EXx0
-90
===Str_EX0
-100 =

time [sec]

ANY

TECHNOLOGY

22 February 2014



Power [W]
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« AnyBody simulation can help during
 development of exoskeleton (Optimize key parameters)
« evaluation of exoskeleton (effect on human body)

« How to fix the exoskeleton to human body?
* Rigid
« Elastic springs (force dependent kinematics)

A lot more possibilities:

Healthy subjects or Patients

Single muscle activations

Metabolic / Mechanical Power
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You can write your guestions in the Q&A panel.

Email:
Amir. aa@anybodytech.com
Moonki: mj@anybodytech.com

Meet us at:
e 11-15 March: ORS/AAQS: New Orleans, USA

[=] Questions

(][]

[] Show Answered Questions

X

Cluestion Aszker

« 2 April: AnyBody Intro Event, Regensburg, Germany

» 8 April: Webcast — lumbar spine
www.anybodytech.com

» Events, dates, publication list, ...
WWW.anyscript.org

*  Wiki, Forum
www.youtube.com/anybodytech
 Videos, help, demos, tips & tricks
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