Components have 4 configurable aspects

Properties: numbers, flags, mass
properties, material properties
Inputs. numerical quantities that
components need to perform
calculations (Metabolic calculator
needs muscle activation).
Outputs: quantities/computations
that a component can provide, can
be fed to other components as
inputs, and saved to a file.
Connectors: other Components
that a component depends on
(Joints have Connectors to
Bodies).

Composition {(ownership)

Model "lower_limb”

Ground “ground” |

Body “femur” |

Body “tibia” |

PhysicalOffsetFrame "tibia_offset’ |

FreeJoint “free” |

PinJoint “knee" |

CoordinateActuator “devica” |

Thelen2003Muscle “vasti”
[ ActivationDynamics |

| FiberDynamics |

FancyContrallar

InverseDynamics

| Madel “intarnal” ]
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Wriling your own Compoanent |exlending OpanSim C+ API)

Proparties blah blah

Dutputs blsh blah
Inputs blah blah

Connectors blah blah

Perform calculalions o a gven
stage (eq., Velocity)

Aid Simbody resources o the
urderying Simbody Systenm
(rbilized bodias, measures,
cache viriables, ebo.)

This is called whanawar
propertsas: have changad; if you
hiense mamber varishles that
depend on properlies, update
those varalbes hane.

class WyComponent @ pubic Component §

Opensim DECLARE_COMCRETE_DBJECT{MyComponent, Component):

pubrlic:
OpenSim_DECLARE_PROPERTY{...);

OpenSim_DECLARE_OPTIONAL_PROPERTY(...]):

OpenSim_DECLARE_LIST_PROPERTY(...);

Cpensim_DECLARE_LIST_PROPERTY_ATLEAST{...):
Opensim_DECLARE_LIST_PROPERTY_ATMOST{...):
Opensim_DECLARE_LIST_PROPERTY SIZE(...)

Opensim_DECLARE_OUTPUT{...);
OpenSim_DECLARE_TNPUT{...};
Opensim_DECLARE_CONMECTOR( ... );
protected:
void extendRealizeVelocity(...) {
Super: extendRealizeVelocity(s);
f#** add your code here *%

1

wold extendAddToSysten| ...} {

Super ! textendAddToSysten] systen]),
m_cachelndex = addCacheVariablel,.. )

¥

woid extendFinalizeFronProperties{...) {

1
private:
CacheVariableIndes m_cachelndex;

Starter code: pendulum

consbructars that take a string are
Inading the coject from an XML file

o &dd components to tha modsal,
craate 8 new instanca and call the
appropriate “sdd() method, which
adopts the companent

GaLSEs, inorder:
1 finakzeFromPropartins
2 connactTobdodal
3 add ToSystam

C++

MATLAB/Python

XML formad [Moded files, setup files, ato.)

annotions....

=7feml wersion="1.0" encoding="UTF-8" 7=
<OpenSimlocunent Yersion="30%03">
“Nodel name="default”=
=!--The madel’s ground reference frame.--=
saround name="pgrowd™>
CEREL T
“Frameiedietry naie="frane_geometry™ >
</FrameGeonatrys
<Fpeanetry >
</ Grounds=
<Fransiet>
</ FrameSat>
“BodySet=
</ Bodysers
“Farcasers
</ ForceSat>
= Wadie L=
= /penSimDacurent=

using namespace OpenSim;
int main{) {

Madel model("empty model osim®};
auto™ bl = new Body(*b1", ...}
auto™ j1 = nmew Pinfoint({...};
auto* al = new CoordinateActuator
(" eonrdd” ),

al-=setMame{ "motor”);

auto* 1 = new PrescribedController();
¢l -=addictuator{al):

el -=prescribeControlForActuator [ “mater”,

new StepFunction(...));

madel . addBody (b1 ;

madel  addloint{]1};

modde | addForcedal);

meede L, print{ " pendulun,osin®};

Stated state = model.initSystem(};

Manager manager{model );
manager, integrate();
}

import org.opensim.modeling.® % MATLAB
from opensim import * # python

model = Wodel(*gait10dof18musc.osim”)

b1 = Body(*b1", ...)

j1 = PinJoint{...}

al = Coordinatefctuator(”coordd” )

al.setlana{ “motor™)

cl = PrescribedController()

el . addActuatorialy

el preseribeContral Forfs tuator ("mator™,
StepFunction{...))

model .addBody (b1}

model . addloint{{1}

model . addForcefal)

model. printTaxkl ( “pendulum,osim”);

state = model.initSystem()

manager = Wanager(model)
manager, integratel)




