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Class Organization

• Lab 3 report due Mon

• HW 6 due Wed, Nov 26

• Tiny Workhorse Project

– Reports due Wed, Nov 26

– Presentations

• 10 min with 1-2 min Q&A

• Mon, Nov 24: Kevin/Ye, Nathan/Kateri, 

Scott/Spencer, Brian/Wai

• Wed, Nov 26: Jarrod/Mark,Tadbhagya/Amit, 

Tzu-Jin/Jiayang, James/Kevin
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Kinematics



Kinematics
“The study of the geometry of motion”

Reasons to study kinematics:

1. Understand and treat pathologies

2. Improve athletic performance

3. Ergonomics and human factors

4. Entertainment 



Background and History

• Used cinematography for the study 

of human and animal movement

“The Horse in Motion”

June 15th, 1878

Eadward MuybridgeEtienne-Jules Marey

(1830-1903)

• Marey’s “chronophotographic gun” 

is considered to be the forerunner of 
the motion picture camera 



Measurement Tools
Electrogoniometers

• Devices that convert joint angle to a voltage

• Advantages: Ease of use; cost

• Disadvantages: Less accurate than other systems; device 

placement may interfere with natural kinematics 

Biometrics, Ltd.

Composite wire with a 
series of strain gauges 
mounted around the 

circumference



Measurement Tools
Electromagnetic Systems

• Basic components: active transmitter and passive sensor(s)

• Advantages: Highest precision and accuracy with proper set-

up; do not suffer from line-of-sight problems

• Disadvantages: Precision and accuracy are affected by: 
metallic objects, low-frequency electronic noise, and the 

distance of the sensor from the transmitter

Polhemus 

FASTRAK

Ascension Technology Corp.

Flock of Birds



Measurement Tools
Marker-Based Optical Motion Capture Systems

• Two types…

Passive tracking

Active tracking

LED markers

Retroreflective 

markers



Measurement Tools

• Advantages: Highest precision and accuracy

• Disadvantages: 

• Suffer from line-of-sight problems

• Both systems require the use of special suits and/or markers

• Active-tracking systems require that on-board electronics be strapped to 

the subject

Marker-Based Optical Motion Capture Systems



Measurement Tools
Markerless Motion Capture Systems

• The wave of the future?

• Advantages: No special suits, markers, or equipment required

• Challenge: Implementing tracking algorithms that can 

perform accurately in real-time without the aid of markers to 
provide “hints” to the software

Organic Motion, Inc. 

OpenStage 2

Microsoft Corp.

Kinect



Anatomical Planes and 

Terms of Motion

• Sagittal divides the body into 
right and left regions

• Coronal (Frontal) divides the 
body into front and back regions

• Transverse divides the body into 
upper and lower regions

Abduction 

Adduction

Flexion 

Extension

Axial Rotation 

(Internal/External, 

Medial/Lateral,

CW/CCW)



2D Kinematic Models
• Rigid segments connected with planar hinges

• Example: Lower limb

• Sagittal plane motion 

• Three rigid segments: upper leg, lower leg, and foot

• Three hinge joints: hip, knee, and ankle

Hip

Knee

Ankle

θH

θK

θA



Athropometric Data

All body segment lengths are expressed 

relative to the total height H.



Athropometric Data



3D Kinematic Models
• A coordinate system is defined for EACH segment of interest

• Typically, the coordinate system is defined such that each 
coordinate direction has some anatomical significance



3D Kinematic Models
STEPS

1. For each segment, identify the anatomical landmarks that 
will be used to define the coordinate system

2. Track the landmarks during motion

• Option #1: Directly attach markers to the landmarks

• Option #2: Attach markers to the segment and record the 

position of the landmarks with respect to the markers

3. Reconstruct the 3D positions of the landmarks during motion

4. Using the landmarks, define a coordinate system for each 

segment

5. Calculate the 3D displacements/rotations between the 
segments



Spotlight: Prof. Kat Steele

http://vimeo.com/90815143



Muscle Synergy Analysis

Matrix 

Factorization 

Algorithms



Questions?


