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Synthetic Motions through 
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techniques 
  to evaluate injuries 
  for ergonomic analysis and 
design 
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Human Musculoskeletal Models adapted from: Delp, S.L., Loan, J.P., Hoy, M.G., Zajac, F.E., Topp E.L., Rosen, J.M. An interactive graphics-based model of  
the lower extremity to study orthopaedic surgical procedures. IEEE Transactions on Biomedical Engineering, vol. 37, pp. 757-767, 1990.  
and: Holzbaur, K.R.S., Murray, W.M., Delp, S.L. A Model of the Upper Extremity for Simulating Musculoskeletal Surgery and Analyzing Neuromuscular Control. 
Annals of Biomedical Engineering, vol 33, pp 829–840, 2005. 
 

 



 
 

 
 

Joint Degree 
of 

freedom 

Type Function 

Hip 3 Ball and socket Adduction/
abduction 

Flexion/extension 
Rotation 

Knee 1 Revolute Flexion/extension 

Ankle 1 Revolute Dorsiflexion/plantar 
flexion 

Subtalar 1 Revolute Eversion/inversion 

Tarsal 1 Revolute Flexion/extension 

Lumbar 3 Ball and socket Ext./bend./rot. 

Shoulder 3 Ball and socket Adduction/
abduction 

Flexion/extension 
rotation 

Elbow 1 Revolute Flexion/extension 

Wrist 3 Revolute Flexion/extension 
Ulnar/radial 
deviations 
Pronation/
supination 

Lenarciˇc et al.’00 
DeSapio et al.’06 

Seth et al.’10 



 
 Sensing Human Motion 

  Accurate 3D position data – Motion Capture (mocap) 
  Easy to use, continuous whole-body sensing 
  Synchronize with contact force, muscle activity data 

  



“ No natural phenomenon can be understood without 
carefully considering how it emerged”  

N. A. Bernstein, “ On Dexterity and Its Development”, 
1996. 
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Robotics 
Actuation and Dynamics Characterization Tools 

  Robotics provide methods to assess the dynamic performance of multi-
degrees of freedom manipulators (Khatib and Burdick, 1987) 

  Dynamics can be reflected at the wrist of robotics systems using the 
feasible set of operational space accelerations 

Actuator torque  
limits 

Bounds on maximum 
accelerations 

Muscle-induced joint 
torque limits 



Neuromuscular Library 
Multidisciplinary Research 

Physiology | Model | Dynamics | Control | Analysis 
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Ergonomics and  
Occupational Health 

r
O
E
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Reeducation of  
Neuro-Musculoskeletal  
Disorders 

Athletics and  
Sports Medicine 

d
e
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Computer Animation 

Biomechanics of Human Movement 
Applications 



Human Motion Characterization 

 



Whole-Body Muscular Effort 
Physio-Mechanical Advantage 



Ergonomics and Occupational Health 

AnyBody 

Which handle bar height results in  
the minimal load on the body? 



Experiment – Throwing 

Professional Football 
Player 
 
  Motion Capture 
  Force Plate 
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3-D Dynamic Simulation 
Professional Throwing 



Dynamic Motion Analysis 

Khatib, O., Demircan, E., De Sapio, V., Sentis, L., Besier, T., Delp, S., “Robotics-based Synthesis of Human Motion”, Journal of Physiology, 2009  
Demircan, E., Khatib, O., Wheeler, J., and Delp, S., “Reconstruction and EMG-informed Control, Simulation and Analysis of Human Movement for Athletics: 
Performance Improvement and Injury Prevention”, IEEE EMBC, Minneapolis, 2009 

Lines of  
accelerations 



Optimal Throwing? 



Experiment – Golf Swing 

College-level Elite 
Golf Player 
 
  Motion Capture 
  Force Plate 

 



3-D Dynamic Simulation of Golf Swing 



Subject-Specific Motion Analysis 



Gait: Experiment and Simulation 

Healthy Male 
Free Speed (1.75m/s) 
 
  Motion Capture 
  Force Plate 
  Electromyography 

 
23DOF actuated by 
92 muscle-tendon units 
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Experiment - Gait 

  Contact forces were added in the dynamics 
  Activation pattern scaled the muscle capacities 
  Subject’s dynamics was reflected at the center of mass 



Muscle Activations during Normal Gait (1.75m/s) 



Subject-Specific Gait Analysis 

Demircan, E. and Khatib, O., “Constraint-Consistent Analysis of Muscle Force Contributions to Human Gait”,  
Advances in Robot Kinematics, Springer, 13th International Symposium, Innsbruck, Austria, June 2012 

ẍ = J(q)A(q)−1(LTmmaxa− g(q)− JT
c1
Fext1 − JT

c2
Fext2)

percent gait cycle 
0 20 40 60 

Results Our 
findings 

Liu et al. 
2006 

Neptune et al. 
2004 

Liu et al. 
2008 

Gluteus medius, vasti, hamstrings, 
gastrocnemius, soleus and dorsiflexors 
are important modulators of accelerations 



Subject-Specific Motion Analysis 
Real-time Motion Dynamics, Task-based 

  Decoupled control of human motion, postural 
behaviors, contact and additional constraints 

  Real-time motion dynamics 
  Subject’s dynamics at any operational point 
  Real-time feedback (visual, haptic)  

oint 



Musculoskeletal Disorders  
Crouch vs. Normal Gait 



Reeducation of Musculoskeletal Disorders 



Right Left Right Left 

COP 

Sagittal plane (m) 

Frontal plane (m) 

Post-Stroke subject Healthy subject 

Sagittal plane (m) 

Universite de Montpellier II 
LIRMM, France 

Reeducation of Stroke Patients 



Rehabilitation 
Reaching & Grasping 



 
Athletics and Sports Medicine 

Injury Prevention in Sport 
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