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14:00 Welcome and introductions 
14:10 ArtiSynth overview (John Lloyd) 
14:30 Model building tutorial 
          * John Lloyd: Basic mechanical models 
          * Ian Stavness: Simulation control 
          * Antonio Sanchez: Adding FEM models 
15:40 Break 
16:00 Short presentations by other developers 
16:20 General questions and feedback 
16:50 Breakout sessions 
          * Help with installing and compiling 
          * Getting your model into ArtiSynth 
          * Specific project questions  

Program 



Ar#Synth:	  A	  Toolkit	  
Combining	  Mul#Body	  and	  
Finite	  Element	  Simula#on	  	  

	  
John Lloyd!

University	  of	  Bri.sh	  Columbia,	  	  
Vancouver,	  Canada	  

TexPoint fonts used in EMF.  
Read the TexPoint manual before you delete this box.: AAAAAA 



ArtiSynth 
An open source system for mechanical simulation 
combining multibody and FEM capabilites 

Targeted at applications in biomechanics, 
physiology, medicine, and dentisry 

Possible applications: treatment planning and 
prediction, ergonomic design 
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Mo#va#ons	  
	  	  

•  Hard to find all required features in current systems 
 
•  Ability to implement and test new techniques 

•  Need for interactivity 
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Ar#Synth	  

Written in Java, using JNI to OpenGL and linear 
solvers (Pardiso); can call from Matlab 

Java API for model creation, used to generate most 
of the models (biomechanical engineers) 

Graphical interface for interactive editing, 
simulation, and observation (scientists, clinicians) 
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Video: Demo 
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 System structure 



Models and 
Components 

Scheduler & solver 

Graphical 
rendering 

Acoustic 
rendering 

GUI and Timeline Interface 

Input data 
(probes) 

Output data 
(probes) 

Support 
libraries: 

numerics, 
geometry, 

dynamics … 
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Model	  Component	  Hierarchy	  

10 

RootModel	  v	  
	  	  	  	  	  	  	  	  models	  v	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  MechModel	  v	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  par#cles	  >	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  springs	  >	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  rigidBodies	  >	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  rigidBodyConnectors	  >	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  .	  .	  .	  
	  	  	  	  	  	  	  	  inputProbes	  >	  
	  	  	  	  	  	  	  	  controllers	  >	  
	  	  	  	  	  	  	  	  monitors	  >	  
	  	  	  	  	  	  	  	  outputProbes	  >	  
	  	  	  	  	  	  	  	  controlPanels	  >	  



Mechanical	  components	  
Dynamic components Force effectors 

particles (3 
DOF) 

rigid bodies 
(6 DOF) 

reduced  
coordinates 

(r DOF) 

axial springs 

finite elements 

constraints 
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Per-‐step	  model	  advancement	  
	  

	  	  	  	  	  	  	  	  	  	  	  	  t1	  =	  t0	  +	  h;	  
	  
	  
model.advance	  (t0,	  t1);	  
	  
	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  t0	  =	  t1;	  	  	  	  
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applyInputProbes	  (model,	  t1);	  
applyControllers	  (model,	  t0,	  t1);	  	  

applyMonitors	  (model,	  t0,	  t1);	  
applyOutputProbes	  (model,	  t1);	  	  	  



Proper#es	  
Components can have class-specific properties: 

Particle 

AxialSpring 

mass 
position 
velocity 

stiffness 
damping 
restLength 



Proper#es	  exported	  in	  class	  defini#on	  
static {  
   myProps.add (”mass", ”particle mass”, 1); 
} 
 
public double getMass() { 
   return myMass; 
} 
 
public void setMass(double m) { 
   myMass = m; 
} 

•   Class reflection used to determine attributes 
 
•   Properties then used to automatically create control 
   panels and probes, read/write files, etc. 



Interac#ve	  property	  edi#ng	  
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Properties can be made inheritable 

MechModel 

PointSet 

Point2 

RootModel 

Point3 Point1 

pointColor  pointColor  

pointColor  

pointColor  

pointColor  

Inheritable property values can be 
either inherited or explicitly set 
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Properties can be made inheritable 

MechModel 

PointSet 

Point2 

RootModel 

Point3 Point1 

pointColor  pointColor  

pointColor  

pointColor  

pointColor  

Inheritable property values can be 
either inherited or explicitly set 



 Physics simulation 

ArtiSynth is essentially a multi-body 
simulator with support for finite 

elements and deformable bodies 



Full	  coordinate	  formula#on	  

Combined system state: positions q, velocities u 

6 DOF 

3 DOF 
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Combined system mass: M 



Apply	  forces:	  

Discrete solution: 
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Integra#on	  

Symplectic Euler Integrator 
21 
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Bilateral	  Constraints	  	  
Example: par#cle	  kept	  on	  a	  surface	  

g 

enforced	  by:	  
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Integra.on	  augmented	  with	  constraints:	  

Can	  be	  arranged	  as	  a	  KKT	  system:	  
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Unilateral	  Constraints	  (Contact)	  	  
Example:	  par#cle	  contac#ng	  a	  surface	  

n 
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Leads	  to	  a	  Mixed	  Linear	  
Complementarity	  Problem	  (MLCP):	  

Same system arises in higher order 
integrators (e.g., Newmark methods) 
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FEM	  Coupling	  

1. Requires implicit integration 

2. Nodes are treated as particles 

3. Provide attachments between components 



Implicit	  integra.on:	  modified	  MLCP	  :	  

[Anitescu & Hart, 2004; Potra et. al. 2006] 
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Nodes	  as	  par.cles:	  elements	  like	  
volumetric	  springs	  
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AKachments	  between	  components:	  



 Questions? 



Modeling	  Building	  Tutorial:	  
Basic	  Mechanical	  Models!
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Crea#ng	  a	  model	  in	  Java	  

•  Create	  a	  subclass	  of	  RootModel	  
•  Override	  the	  build()	  method	  to	  create	  and	  

assemble	  model	  components	  

   package artisynth.models.xxx; 
   import artisynth.core.workspace.RootModel; 
   import artisynth.core.mechmodels.*; 
 
   public class MyModel extends RootModel { 
 
      public void build(String[] args) { 
           MechModel mech = new MechModel(“mech”); 
           addModel (mech); 
           ... create components for mech ... 
      } 
   } 



Model	  Component	  Hierarchy	  
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RootModel	  v	  
	  	  	  	  	  	  	  	  models	  v	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  MechModel	  v	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  par#cles	  >	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  springs	  >	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  rigidBodies	  >	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  rigidBodyConnectors	  >	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  .	  .	  .	  	  
	  	  	  	  	  	  	  	  inputProbes	  >	  
	  	  	  	  	  	  	  	  controllers	  >	  
	  	  	  	  	  	  	  	  monitors	  >	  
	  	  	  	  	  	  	  	  outputProbes	  >	  
	  	  	  	  	  	  	  	  controlPanels	  >	  



ar#synth.demos.tutorial.Par#cleSpring	  



Par#cleSpring	  (cont)	  



Loading	  the	  model	  into	  Ar#Synth	  
•  Make	  sure	  the	  model	  is	  in	  Ar#Synth’s	  classpath:	  
	  	  	  	  	  	  	  	  	  	  Link	  model	  project	  in	  eclipse,	  or	  
	  	  	  	  	  	  	  	  	  	  Specify	  model	  classpath	  in	  EXTCLASSPATH	  file	  
•  Load	  explicitly	  or	  use	  the	  model	  menu:	  



Next:	  rigid	  bodies	  

A B 

X BA 

RigidTransform3d object describes transform            
between two frames, and also the pose of a rigid body  

X BA 



FrameMarkers	  used	  to	  connect	  to	  springs	  



ar#synth.demos.tutorials.RigidBodySpring	  



Adding	  	  joints	  to	  rigid	  bodies	  

X FA 

X DB A 

B 



ar#synth.demos.tutorials.RigidBodyJoint	  



RigidBodyJoint	  (cont)	  



ar#synth.demos.tutorial.JointedCollide	  



X 2B 

B 

X 1A 

A 

Connec#ng	  rigid	  bodies	  with	  frame	  springs	  

1 

2 



ar#synth.demos.tutorial.LumbarFrameSpring	  



LumbarFrameSpring	  (cont)	  

and in the build method ... 



LumbarFrameSpring	  (cont)	  



LumbarFrameSpring	  (cont)	  



Muscle	  ac#va#on	  

Use a Muscle: 
an AxialSpring that can 
also apply forces 



ar#synth.demos.tutorial.SimpleMuscle	  

Same as RigidBodySpring, using Muscle instead: 



 Questions? 


