
BME 599: Modeling & Simulation of Movement

From Markers to Joint Kinematics

1. Place markers on skeletal landmarks to define 
skeletal coordinate frames

2. If these markers are not convenient for motion 
capture, place additional markers on segments to 
define segment coordinate frames

3. Measure markers in lab coordinate frame
4. Determine transformation between lab & segment 

coordinate frames
5. Determine “static” transformation between segment 

& skeletal coordinate frames 
6. Determine transformation between adjacent skeletal 

coordinate frames
7. Extract joint kinematics from transformations
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Place Markers on Skeletal Landmarks

adapted from Martini, 2001
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Define Skeletal Coordinate Frames

adapted from Martini, 2001
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Place Additional Markers on Segments

adapted from Martini, 2001
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Define Segment Coordinate Frames

adapted from Martini, 2001
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Measure Markers in Lab Coordinate Frame

adapted from Martini, 2001
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Transformations Between Coordinate Frames

adapted from Martini, 2001
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Translation Between Coordinate Frames
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Direction Cosines 
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Rotation Between Coordinate Frames
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xa xb,

Rotation Matrix for a Simple Rotation (again)
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Rotation Matrices for Simple Rotations About 
Each Axis
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zb

Rotation Sequences (order differences)
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Rotation Sequences (order similarities)
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Transformation Between Coordinate Frames
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Determining Kinematics from Transformations

adapted from Martini, 2001

TLab Thigh

TLab Shank

TFemurThigh

TTibiaShank

TFemur Tibia

Determined 
from dynamic 
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Determined 
from static 
calibration

Determined 
from matrix 
multiplication
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Determining Kinematics from Transformations

adapted from Martini, 2001
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Determining Kinematics from Transformations

adapted from Martini, 2001
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