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Realistic M

« Synthesis
—simulate, control, or create new
object/subject movement
« Analysis
~evaluate some aspects of the musculo-
skeletal system

Applications

» Computer Graphics

« Virtual Reality

* Video Games

« Robotics

« Kinesiology and Biomechanics
« Sports performance and'Injuries
« Dance, Annotation
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Motion Capture Systems

Magnetic

— Real-time with low processing costs

— Restricts movement due to cabling
Mechanic

—'Real-time with no processing

~ Special suit with sensors

Optical

— High accuracy and higher computational costs
- Comﬁlete freedom of movement

Computer Vision

Camera Calibration
Feature Detection

Stereo Matching

Tracking

Volumetric Reconstruction

l. Introduction

Optical Motion Capture

Views
Monocular - Multi-View

Markerless

Mar!(er-Based

I1. Required Resources




Required Resources Capture Room Capture Room

« Capture Room » Dimensions
+ Body Suit

« Camera Equipment

« Acquisition System

« Dimensions
 Background

Capture Room Capture Room

« Dimensions

Capture Room

» Dimensions
 Background « Background
« Lighting * Lighting

Dimensions
Background
Lighting
—Light sources
—Reflectors

—Light sources

Capture Room Body Suit Body Suit

* Dimensions

 Background

« Lighting
—Light sources
—Reflectors

« Control Room




Body Suit Body Suit Body Suit

— Socks
~Gloves
—Mask
~Leotard

Body Suit

Body Suit Body Suit

* Markers » Markers

— Location

* Markers
— Location

Body Suit Camera Equipment Camera Equipment

Markers * Lenses «
— Location : : ik
~ Color

* Lenses
— Focus
= Cameras
— Progressive vs Interlaced
—.Frame Rate
= Resolution
- 'éxposure Time




¢ H-Anim

http:/Awww.h-anim. org/

Camera Equipment

+ Lenses
- Focus
* Cameras
— Progressive vs Interlaced
—.Frame Rate
= Resolution
— Exposure Time
« Support
— Mounting Brackets

Camera Equipment

Lenses

- Focus

Cameras

~ Progressive vs Interlaced
+ Frame Rate

~ Resolution
—"Exposure Time
Support

~ Mounting Brackets
= Telescope Tripods
Data Transfer

~ Synchranization

~ Bus Cables

thropomorphic Features

* CAESAR

Camera Equipment

Lenses
— Focus
Cameras
— Progressive vs Interlaced
~ Frame Rate
Resolution
— Exposure Time
Support
Mounting Brackets
— Telescope Tripods

Acquisition System

» Synchronous in Real-Time
« Trigger Control

* I/O Bandwidth

* Storage

Markers Configuration

Camera Equipment

Lenses

~ Focus

Cameras

~ Progressive vs Interlaced
~ Frame Rate

~ Resolution
—"Exposure Time
Support

~ Mounting Brackets
=~ Telescope Tripods
Data Transfer

~ Synchrénization

MoCap L

Keck Lab Argus Eye.
Rodm Dimensions 7m x 7m x 3m 'm x 3m

Camera Kodak™ ES-310 CD-X700

Number of Cameras 64

Resolution, 648 x 484

Frame Rate 85

Markers Configuration

Vide

m

11m x 5m x 3m

Sony™ DFW-V500




Initialization Camera Calibration

» Camera Calibration  Pinhole Camera Model
* World Coordinate System u,

11. Initialization » Background Subtraction AU =PU; < Au,
« Skeleton Model : &
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Calibration Devices Calibration Procedure World Coordinate System
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Projective

Measurement Motion

Factorization W =PU=P'U', where
Euclidean Steliication P'=PHand U'=H'U

Background Subtraction Background Subtraction Skeleton Model
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Input Video Input Video

IV. Marker Detection

Marker Detection Intensity Segmentation Perimeter Curvature

* Intensity Segmentation

* Perimeter Curvature
« Partial Edges !

Perimeter Corners Centers Markers

Partial Edges Detection Errors Marker Detector

Final Edges Markers True Detections. False Detections False Negatives




Marker Detector Stereo Triangulation

u=PU =uxPU

. 34 fu,(RlU)-(R'U)=0
V. Spatial Correspondence |u, (PrU)~(FTU)=0

* o flugpr P =0

Reprojection Error Spatial Correspondence Spatial Correspondence

Spatial Correspondence Spatial Correspondence Absolute Intensity Difference
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Confidence Value Disparity Vectors Disparity Vectors

CV3(i,u*, p*)= repErr(i,u’, p'):#AIDz(vi,u', p’)
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Reprojected Point Clouds Reprojected Point Clouds 3D Point Clouds

3D Point Clouds Temporal Correspondence

VI. Temporal Correspondence




Non-Rigid Point Registration Noiseless Input Outliers

t+1

Occlusions Strength Function Winner-Takes-All
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j=lm

AID"(u",v')=. 3" AIDu!,v!)

jelem
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Winner-Takes-All Winner-Takes-All Winner-Takes-All
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Winner-Takes-All 3D Point Trajectories

Post-Processing

* Labeling
* Missing Markers
VII. Post-Processing * Correcting Errors

Labeling Missing Markers
* Occlusions
— Moving Subparts
— Other Objects
— Self-Occlusion
» Camera Field of View
* Sensory Error

3D Point Trajectories

Labeling

Monocular Reconstruction

« Reflective Ambiguity

— More Spheres
-‘{/ ~ Previous or Next Frame

* Kinematic Constraints
— Topology
— Link Length Constancy
— Fixed Rotation Axes
= Joint Angle Limits
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Data Filtering

« Transfer Function bands
—Pass [0F]
— Transition [F, ]
—.Stop [F,,.e]
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High Pass Band Stop Band Pass

VIII. Rotational Data

hical Organization

Rotational Data

World Coordinate System Local Coordinate System
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Angle View-Invariance

Data File Formats

« Portability
— Store
— Import
— Export
« Biovision
-BVA
- BVH
« Acclaim Motion
- ASF.
- AMC

ASF File

Action Representation

BVA File

AMC File

IX. Data File Formats

BVH File

X. Conclusions
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Visual Hull Reconstruction anda‘ aru: Matlab Toolbox

* Volumetric  Polyhedral
Marker Detector

Spatial Correspondence

ITemporal Correspondencel

Post-Processing




