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General

* The AnyBody Modeling System is.. =

— MusculoSkeletal Modeling System
e analyzing reactions in the human body
* between the human body and an environment.

 Environment can be
— something within (implant, e.g. knee or hip device),

— something attached to (exoskeleton, e.g. knee brace or space-
suit) or

— something interacting (e.g. automotive seat, wheelchair, ...)

Picture Sources:
https://www.zhaw.ch/storage/_processed_/e/7/csm_Hand_Anybody_01_800x536_300dpi_b9adbc8b48.jpg
https://www.anybodytech.com/fileadmin/_processed_/a/c/csm_Bike-Lat-View_7e98d15af6.png



Fint

Picture Sources:
http://www.Ife.mw.tum.de/en/research/methods-and-lab: i /pedestrian-si i
http://www.ebay.com/itm/Dynamometer-130kg-Measure-Hand-Grip-Gy P Strength-D re-/152408324194?hash=item237c3e7862:g:K30AAOxyP4dTcdFS
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How?

e Cf=r
— f muscle or joint forces
— r known forces (internal & external)
— C matrix of equation coefficients

* Muscle forces f =0
* Muscle redundancy



Optimization



Linear Muscle Recruitment

e With N as normalization factor
(muscle activity)




Quadratic Muscle Recruitment

ng

Min G(f")

s.t. Cf=r
M>0



Polynomial Muscle Recruitment

ng

Min G(f")

s.t. Cf=r
M>0



Min/Max muscle recruitment

G =max| —

—linear problem
2> nummerically efficient
- physiologically reasonable



Mechanical model

* Remind:C f =7r

* Segment i
"ri Position
qi = pl] 4 Euler parameters
| ’fi ] Translation velocities
v; =
g (i) Rotation velocities
« 2¢(q,t) =0

* Kinematic equations = obtain q,v, v



Dynamic equilibrium
0 o Loyl =1
o f:

— Muscle f
— Reaction C f =T
— Applied }r




Structure

Propeties:
Mass, reference node...

Loads

Relations

Main = {

/ The actual body modsl goes in this folder
AnyFolder NyNodel = {

slobal Reference Frame
AnyFixedRefFrane GlobalRef = {

hnyDrawRefFrame drw = {

ScaleXVZ = {1,1.1310

Joints, Drivers i

I
AnyReflode N1 = {
=Rel = {0, 0.05, 0}:

* ANYSCRIPT

AnyRefHode M2 = {
=Rel = {0, 0.1, 0}
};}' 7 Global refsrence frane

Just a simple arn segment hinged at 1ts left end
AnySeq Seg =1

}jis:[' 4 1341000

Picture Sources:
https://anyscript.org/assets/images/teaser.jpg



AMMR

* repository of musculoskeletal models
—> Fast use

Shoulder

74 « 118 muscle fascicles on each side
« Wrapping of muscles by contact mechanics
« Contact criterion in the GH joint
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AC Spherical joint | 3 (
oy

, GH Spherical joint

: SC Spherical joint FRNNG

. TS Scapula thoracic gliding plane, ellipsoid
Al Scapula thoracic gliding plane, ellipsoid




Anybody

[A] AnyBody - Trial License - DA\Users\oopluc\Documents\arm2\arm2.main.any
File Edt View Operation Took Window Help

AT W . # = B Lload ¢ 5F 3 Execute W b b1 Replay: L 100
—— ek =
=g W2 mainany | amany
Model | Oparations | Fiss Todo: Write » small description of your model here
L) Man = {
Main
Annlodel actusl body model goes in this folder
o Bnyfalder Armiodel = {
O Sege Global Reference Frame
4 s AnyFixedRefFrame GlabslRef =
-8 Drivers
Musres AnyDrowRefFrame DruGlobalfef = {
Sealexyz = {9.1, 0.1, 0.1}
A8 - (8,1,81;
Brac b
18 Deltodeush AnyReflode Snoulder =
DettodeusB Rel = {0,0,0};
-8 Brachioracials 1 e bestadnst - {
AnyRefliode Deltodeusd =
@M ScepiShort el - {0.05,2,0);
48 TrcepsShort W
odel tree |— - Bipiiong Lot vevesseuss = ¢
& 48 Tacepsiong shel = {-0.05,8,0);
G Lo [ {
. yRefiiode BlcepsLong =
& Amstudy TR e
b
AnyRefiode Tricepstong = {
Rel = {-0.1,8,8);
N
Y5 /1 Global reference frame
/ seguents
AnyFolder Segs = {
AnySeg Upperarm =
o - {0, 0.3, 8}
Axes RotMat(-38"pL/188, 2);
Information -ax Moss = 2;
2L - (p.001, .01, B.0L);
Anybramseg dow = (13
AnyRefiode Snouldertiode = {
“Rel = {-8.2,0,8}
b
AnyRefliode Elsowtiode = {
el = {0.2,8,8};
b
AnyRefliode Deltodeusd = {
shel = {-0.1,0,0.02};
b
System description AnyRefHode Deltodeuss = {
el  {-0.1,0,-6.62);
Configuration dependencies: b
AnyRefhode arachialis - {
“Rel = {0.1,8,0.01};
b
. 12 calst
MWodel Load(22:22) : G\sersooplue\Doeuments\ Finished] 020)IntialCenditions (Cpeator: M e

) InverseDynamics : Finizhed 0.0.0)...Design variables have been updated.

0.01) . Losd-time postions have been re-established
0.02) .Kinematic analysis completed.
0.03)...Dependent variables are fully updated.

0) bnverse dynarmic analysis,

100) .Inverse dynamic analysis completed

Totel simulstion time: 1827
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* Demo




