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The	  Problem	  
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Problem	  
Muscle	  forces/ac*va*on	  are	  hard	  to	  observe	  directly	  
	  
Goal	  
Infer	  muscle	  forces	  based	  on	  easily	  observed	  data	  (mo*on	  
capture,	  IMU)	  
	  
In	  this	  project	  
•  Focus	  on	  one	  arm	  
•  Create	  simplified	  model	  of	  arm	  
•  Extract	  accurate	  state	  informa*on	  from	  mo*on	  capture	  +	  

accelerometers	  
•  Combine	  arm	  model	  with	  state	  informa*on	  to	  infer	  muscle	  

forces	  
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Mechanical	  Model	  

3	  

θ1

θ2

φL1

La

Shoulder

Elbow

Hand

Observed	  
•  θ1	  (mocap)	  

•  θ2	  (mocap)	  
•  Accelera*on	  in	  

sensor	  coordinates	  

Want	  to	  es+mate	  
•  θ1	  
•  θ2	  
•  θ1	  
•  θ2	  

.. 

.. 
. 
. Parameters	  to	  learn	  

•  l	  (accelerometer	  
posi*on)	  

•  φ (accelerometer	  
orienta*on)	  

(joint	  angular	  
rate/accel)	  
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Mathema*cal	  Model	  
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•  Constant	  accelera*on	  
process	  model	  

•  Parameters	  modeled	  as	  a	  
random	  walk	  –	  allows	  for	  
sensor	  movement	  over	  *me	  

•  Noisy	  measurements	  of	  
joint	  angles	  and	  accelera*on	  
in	  accelerometer	  frame	  

Process	  Model	  

Measurement	  Model	  
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Simula+on	  Results:	  UKF	  
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Experimental	  Data	  
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Experimental	  Setup	  
•  Upper	  body	  mo*on	  capture	  
•  3-‐axis	  accelerometer	  on	  forearm	  
•  EMG	  Sensors	  

Experiments	  
1.  Planar	  arm	  movements	  
2.  3D	  arm	  movements	  
3.  Weight	  drop	  tests	  

Goals	  
•  Test	  parameter	  iden*fica*on	  on	  1-‐2	  
•  Infer	  muscle	  forces	  in	  3	  
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Model:	  Rigged	  Skeleton	  
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En+re	  Process	  
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Dynamical	  
Model	  

Muscular	  
Model	  

Unscented	  	  
Kalman	  
Filter	  

Mo	  
Cap	  IMU	  

𝜃 𝜃  
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Optimisation over 
Muscle ‘Heat’ 
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Arm	  Mo+on	  Video	  
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Remaining	  Work	  
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Mechanical	  Modeling	  
•  Extend	  mechanical	  model	  to	  3D	  
•  Perform	  accelerometer	  localiza*on	  on	  a	  real	  world	  dataset	  
•  Ques%on:	  What	  are	  the	  op*mal	  ac*ons	  for	  es*ma*ng	  a	  

given	  parameter?	  
	  
Muscle	  Modeling	  
•  Compare	  es*mated	  muscle	  ac*va*ons	  to	  measured	  EMG	  

data	  
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•  Dynamical	  Model	  

	  
•  Where:	  



Muscle	  Model	  
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Tendon model: 
 
Muscle Passive force: 
 
Muscular Active force: 
 
Length-Force relation: 
 
Velocity-Force relation: 
 
 
 
  where:  
 
 

  


