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Eadweard Muybridge

* Photographer born at Apr 9, 1830

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

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

[HE MORSE IN MUIIUN.
: 1

MUYBRIDGIE
“SALLIE GARDNER,” owned by LELAND STANFORD; running at_a 1.40 gait over the Palo Alto track, 19th June, 1878
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Motion capture - pictures
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Marker-based
Motion Analysis



Motion Analysis 7
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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? -



Motion capture system

Forces l Moments Accelerations Velocities. | Angles

__ Musculoskeletal __ Multibody __ d
Geometry Dynamics dt

Optical System

markers
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Motion capture technique (1)

P in World Coordinates:
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Motion capture technique (2)

Optical Motion Capture Setup




Motion capture technigque (3)

Image Sensor Plane

......
.....

Capable of Detecting Many Markers at the Same Time



Motion capture technique (4)

Image Plane

e Photosensitive
detector array

e Resolution
- spatial (pixels)
u horizontal
v vertical
- temporal
scan rate




Motion capture technique (5)

Image Plane: Spatial Resolution

e More pixels are better!

e How many is
reasonable?
— Size of object

— closeness of camera,
related to field E

Spatial resolution



Motion capture technique (9)

Camera Placement

e If image planes are
parallel, insufficient depth h
information

e Accuracy related to
separation angle, 0

e Best when 6 = 90° 0

~ do not fall below 60°
e base/length>0.3-0.4

0 > 60°
b/h> 0.3



Marker to Skeletal Model

RPSI

Plug in gait model (marker set) in Vicon system



Plug-in-gait model

Complex



Measure Angle between coordinate
frames using transtformation matrix

Calc?ation

from Scott’s presentation



e Linear

e Joint

(Inverse) Kinematics

- Position (p)

- Velocity (v)

- Acceleration (a)

- Orientation (8)

- Angular velocity (w)

- Angular acceleration (a)



Equinus gait 7
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Inverse dynamics (Kinetics)

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

rem—
Walking this way



Inverse Kinetics

e Kinetics
— Forces and torques cause the model to accelerate

e Force

8\
— Applied to points (e.g., {2/{.’»
ground reactions) or ’(\
between points (e.qg., N\
muscles) |

e Torque (moment)

— Applied to a coordinate
(e.g., joint torque)

- force x moment arm @ \

LX)\

A%\
72NN



Inverse Kinetics

Demand Torque Muscle Response

a b

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

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



Normal gait analysis

Pelvic Tilt Hip Flexion/Extension Hip Ab/Adduction Hip Rotation
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Normal gait analysis

Knee Flexion/Extension 20 Knee Varus

Flex Var

Ext Val

-20 -20

10 Knee Flex/Ext Moment 10 Knee Valg/Var Moment 05 Knee Rotation Moment
Ext \alg Int
Flex Var| Ext
-10 -1.0 -05

Knee Power

20

Gen

Abs




Normal gait analysis

Ankle Dorsi/Pantar . Ankle Rotation 5 Foot Progress

Dors| Int Int

Plan Ext Ext

-40 -40 -40

Ankle Dors/Pan Moment 0 Ankle Rotation Moment 05 Ankle Ab/Add Monent

Plan Int Abd
Dors| Ex Add

-10 -05 05

Ankle Power

20

Gen

Abs




“Thank you for listening.”

BMRR Laboratory
(BioMechanics and Robotic Rehabilitation)

* http://biomechanics.yonsei.ac.kr

* bmrrlab@gmail.com

Dong-wook Rha Juntaek Hong Beom Gi Yoo Da In Shim Joong-on Choi
Supervisor Supervisor PhD candidate PhD candidate MS candidate
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