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<Demo>

ÅRun on my IT-issued laptop
Åi5-4300U @ 1.90 GHz

ÅThis is the machine used for any demos/timings in talk

ÅAlgorithm code is all single-core C++ CPU code
ÅBy choice



Technical Reference Materials

ÅPhysics Engine

Åhttps://github.com/melax/sandbox
ÅStan aŜƭŀȄΩǎsandbox for physics + graphics code, BSD license
ÅSequential Iterative Impulse solver, © 1998-2008 
ÅOur tracking built on top of improved/expanded version

ÅLƴǘŜƭΩǎ нлмо ǊŜƭŜŀǎŜ ƻŦ ǘƘƛǎ ǿƻǊƪΣ ŦǊŜŜ ŘƻǿƴƭƻŀŘ
Åhttps:// software.intel.com/en-us/articles/the-intel-skeletal-hand-tracking-library-experimental-release
ÅCamera input layer is sample code, you could re-ǇǳǊǇƻǎŜ ƻƴ ǘƻǇ ƻŦ ǿƘŀǘŜǾŜǊ Řŀǘŀ ȅƻǳΩŘ ƭƛƪŜ

ÅDemo Videos & Concepts
Åhttps://www.youtube.com/user/smelax

https://github.com/melax/sandbox
https://software.intel.com/en-us/articles/the-intel-skeletal-hand-tracking-library-experimental-release
https://www.youtube.com/user/smelax


Academic Reference Material

ÅMelax, Keselman, Orsten. 
ÅDynamics based 3D skeletal hand tracking.

Åi3D 2013. Poster

ÅGI 2013, Full-length paper



Talk Overview

1. Motivation
2. Dynamics-Based Tracking

a) Background
b) Method overview
c) Hand Model

3. Fast iterative Tracking
a) Our tracking architecture
b) Benefits of being 3D
c) Multi-hypothesis architecture
d) Value of working in a constraint-

based solver

4. Cameras and Usages
a) Basic Filter Architecture
b) Structured Light: PrimeSense & 

Kinect v1 
c) Time-of-Flight: SoftKinetic
d) Projected Texture Stereo: Intel 

R200
e) Structured Light: Intel F200

5. Annotation, Learning and 
Classification

6. Q&A



Background



Background

ÅIntel interested in depth cameras
ÅStarted in ~2011
ÅMost of our work was during 2012

ÅWŀƴǳŀǊȅ нлмоΥ άSenzо5έ
ÅQVGA, TOF depth camera
ÅCES 2013 Launch

ÅPresent Day:Intel RealSense
ÅF200 & R200



Background

ÅIntel has 2 depth sensors 
available as developer kits

Åhttp://click.intel.com/realsense.html

ÅF200
ÅStructured Light

ÅR200
ÅProjected Texture Stereo

http://click.intel.com/realsense.html


2011: Real-time ñHand Trackingò from 3D cameras



3D Hand Tracking Goal

ÅFull 6 DOF pose for all finger bodies
Å Along with sufficient information to provide collisions and interactions
Å On consumer hardware

ÅExisting work on providing such 3D pose
Å Wang, Popovic. Real-time hand-ǘǊŀŎƪƛƴƎ ǿƛǘƘ ŀ ŎƻƭƻǊ ƎƭƻǾŜΦ  ΨлфΦ  + 6D Hands Pose Template
Å Hilligeset al.  Digits:  freehand 3D interactions anywhere using a wrist-ǿƻǊƴ ƎƭƻǾŜƭŜǎǎ ǎŜƴǎƻǊ ¦L{¢ ΨмнΦ
Å Oikonomidis, Kyriazis, Argyros.  Efficient model-based 3D tracking of hand articulations using 
YƛƴŜŎǘΦ  .a±/ ΨммΦ



Motivation: Emergent Interaction

https://www.youtube.com/watch?v=sAcTshfZCU8


Dynamics-based Tracking



Rigid Body Dynamics

ÅAbility to physically 
simulate articulated 
models with collisions and 
joints.

ÅAchieved by satisfying 
linear and angular 
constraints.  



Rigid Body Dynamics

ÅAbility to physically 
simulate articulated 
models with collisions and 
joints.

ÅAchieved by satisfying 
linear and angular 
constraints.  



ÅFrom Adam CƛƴƪŜƭǎǘƛŜƴΩǎCOS426 lecture notes:

Kinematics vs Dynamics



GJK 1988



Surface constraints
ÅLike little magnets that attract the surface



Surface constraints created from 
synthetically generated depth data

2nd instance (left), generates depth data (middle), tracking/fitting (right)



Model to track authored in 3DS max
ÅCreated a generic hand and scale it as necessary:

20

Custom models could be made.


