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Eadweard Muybridge
• Photographer born at Apr 9, 1830 

• Sallie Gardner at a Gallop (http://www.youtube.com/
watch?v=PqfCmQtrTcE) 

- commissioned by Leland Stanford 

- whether a galloping horse ever lifts all 4 feet completely off the 
ground 

- Stanford’s farm (Stockfarm) in Palo Alto on June 19, 1878 

- 24 cameras (27 inches apart): 58 km/h → 0.04 sec → 25fps

http://www.youtube.com/watch?v=PqfCmQtrTcE
http://www.youtube.com/watch?v=PqfCmQtrTcE




Motion capture - pictures



Motion capture - optical markers



Marker-based  
Motion Analysis



Motion Analysis ?
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Computerized Motion Analysis

• Motion capture 

• Kinematics : position, velocity and acceleration 
of body segments without consideration of 
causes 

• Kinetics : relationship between motion and its 
causes, namely forces and torques 

• EMG activity



Motion capture and Kinematics 

- How can we determine the location of marker in space? - 
- How can we measure the joint angle? -
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Capturing the Points of Interest 
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Motion capture technique (1)
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Optical Motion Capture Setup 

 
 

Motion capture technique (2)
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Image Sensor Plane 

 
 

Capable of Detecting Many Markers at the Same Time 

Motion capture technique (3)
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Image Plane 

• Photosensitive 
detector array 
 

• Resolution 
– spatial (pixels) 
  u horizontal 
  v vertical 
– temporal 
  scan rate 
  

 

 
 

(0, 0) 

v 

u 

Example of a single marker  projection 

Motion capture technique (4)



ME 281: The Biomechanics of Movement 

Image Plane: Spatial Resolution 

• More pixels are better! 
 

• How many is 
reasonable? 
– Size of object 
– closeness of camera, 

related to field 

 
 

X

Motion capture technique (5)

Spatial resolution
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Camera Placement  

• If image planes are 
parallel, insufficient depth 
information 

• Accuracy related to 
separation angle,  

• Best when  =  90˚   
– do  not  fall  below  60˚ 

• base / length  0.3 - 0.4 
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Motion capture technique (9)



Marker to Skeletal Model

Plug in gait model (marker set) in Vicon system



Plug-in-gait model

Biomechanical Models for Clinical Gait 
Analysis. Which one should we choose?  
Richard Baker

14/05/2013
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Biomechanical models for clinical gait 
analysis: which one should we choose?

Richard Baker
Professor of Clinical Gait Analysis

1

Overview
• Defining a biomechanical model
• Comparing common models

– Short break

• How to choose a model
• Discussion

2

What is a biomechanical model?
3

Complexity Simplicity

Model definition
• Model definition

– Segment axes
– Joint properties
– (Inertial properties)

• Fitting
– Calibration
– Tracking

• Variants
• Validation

4

Markerset

Common current models
• Conventional gait model (CGM)

– Newington, Davis, Helen Hayes, Kadaba, Gage, Vicon clinical manager (VCM), 
Plugin gait (PiG)

– Most widely implemented?
• Cleveland Clinic Markerset (CCM)

– Poorly documented in literature

• International Society of biomechanics (ISB)
– Not aware of any widespread or commercially available implementation

• Calibrated anatomical systems technique (CAST) 
– General technique rather than specific model

• Istituti Ortopedici Rizzoli (IOR)
– Derived from CAST

• Default Visual 3D model (dV3D)
• OpenSim
• Kylie (modified CGM)

– Work in progress

5

Common current models
• Some confusion between specific models and 

modelling packages which often come with a 
default model.

• Manufacturers will claim no responsibility for the 
default model.

• (almost) everyone will use it! 

• Some will adapt it. 

6
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Measure Angle between coordinate 
frames using transformation matrix

based on Skeletal Model
Calibration

from Scott’s presentation
ME 281: The Biomechanics of Movement 

Transformations Between Coordinate Frames 

adapted from Martini, 2001 

? Calculation



(Inverse) Kinematics
• Linear 

- Position (p) 

- Velocity (v) 

- Acceleration (a) 

• Joint 

- Orientation (θ) 

- Angular velocity (ω) 

- Angular acceleration (α)
OpenSim Workshop 

Kinematics: Coordinates and 
their Velocities and Accelerations 

•  Coordinate 
–  Joint angle or distance specifying 

relative orientation or location of 
two body segments 

•  Coordinate velocity 
–  Derivative (rate of change) of a 

coordinate with respect to time 
•  Coordinate acceleration 

–  Time derivative of a coordinate 
velocity with respect to time 

•  Kinematics 
–  Set of all coordinates and their 

velocities and accelerations 



Equinus gait ?



Inverse dynamics (Kinetics) 

- How can we measure the joint moment(torque)? -



Ground reaction force

% gait 

body 



Ground reaction force



Inverse Kinetics

OpenSim Workshop 

Kinetics: Forces and Torques 

•  Kinetics 
–  Forces and torques cause the model to accelerate 

•  Force 
–  Applied to points (e.g., 

ground reactions) or 
between points (e.g., 
muscles)  

•  Torque 
–  Applied to a coordinate 

(e.g., joint torque) 

- force x moment arm

(moment)



Inverse Kinetics

Motion = External torque (by GRF) + Internal torque (by body) 

Internal torque (by body) = Motion - External torque (by GRF)



Normal gait analysis



Normal gait analysis



Normal gait analysis
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