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Modern Control Theoretic Approach for
Galt and
Behavior Recognition

Charles J. Cohen, Ph.D.
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Outline

 |ntroduction - Behaviors as Connected Gestures
e Gesture Recognition
 Behavior Recognition
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Supporting Contracts

« MDA - HQ000604C7004 - Physics Based Missile Trajectory Discrimination
Algorithms

« U.S. Army STRICOM - N61339-00-C-0084 - An Automatic Learning Gesture
Recognition Interface for Dismounted Soldier Training Systems

e NASA JSC - NAS9-99079 - Gesture Based Multimedia Information Kiosk to
Enhance Science Understanding

 Army ARI - DASWO01-99-C-004 - Recognition of Computer-Based Human
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Body Motion Gestures

e Connected non-deformable links

« Human body: torso, head, arms, legs
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Survelllance Task

» Classifying
» Tracking

e Patrollin
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What Is Gesture Recognition?
* The gesture is generated

* The gesture Is perceived
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Ways to Not use Gesture

e Text Input
e Data Entry
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Advantages of Gesture Recognition

e Intuitive Motion Commands
— Rotate View
— Zoom In/Out
— Move Part
— Stretch and Shrink
— Check Collision
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More Gesture Control Advantag_

No moving parts

No direct contact - alleviates hygiene problem
 No sound required

Intuitive gesture control
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Gesture Control Issues
« How are the gestures generated?

e Which gestures are used?

 What is the information content of the
gestures?

 How are the gestures recognized?
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Gesture Recognition Issues

e Consistency

e Common Domain Gestures
 Ease of Recall

 |dentifiable Spatial Components
e Correspondence to:
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Motion Gesture
Recognition Methods

 Geometric
» Algebraic (splines)
 Hidden Markov Model (stochastic)
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Geometric Methods

e Match to Various Templates:
— Circle
— Lines
— Polygons
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Algebraic Models - Splines
X(t,0)=0,+0t+0,t>+0.,t° +0,t"...

X
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Dynamical Models

e Basic formulation
X(t)=O(x,t) f (x,t)

 Types of dynamical models

Parameters
Linear (LIP) Non-Linear (NLIP)
Linear (LIS) LIP/LIS NLIP/LIS
States :
Non-Linear (NLIS) LIP/NLIS NLIP/NLIS
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Advantages of Dynamical Model

e Accounts for inherent non-repeatability
Compact representation
« Efficient identification computation

y-position

x-position x-velocity

— | i - [, /\\ ¥ ! I| 3 .
x-position U time \l L X-position

A one dimensional oscillating A time history of the x-line human ||||A two dimensional phase space
x-line human gesture performed created gesture. trajectory of the human created
in two dimensional space. x-line gesture.
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Model and Parameter ]
Determination Issues

o Off-Line Batch vs On-Line Sequential

o State Availability
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Gesture Models

 Five models developed
— Linear with offset (least complex)
— Van der Pol
— Van der Pol with offset
— Higher order terms
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Gesture Recognition

e Model selection

— Predictor bins
« Model with parameters for specific gesture primitive
» parameters determined off-line
» Predicts next gesture state




B B E—— 14t BRIMS Conference
Y BEF)"vsj T510 Moy 2008

Army Control Gestures: Dynamic
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Gesture Recognition - Dynamic

Predictor Module

GYBEQ- '%T 14t BRIMS Conference

from senslor module

 Differential e
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min res and min res and min res and
() best bin match best bin match best bin match

threshold |t||reshul.d threshold

best bin match best bin match best bin matc
or null or null or null

combine geometric S

information information

specific overall gesture type
and additional gesture
information
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Dynamic Gestures
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Gesture Recognition System

|

Gesture
Creation

~
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Sensor
Module
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Predictor
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Non-Linear Gestures

* Non-linear gestures
— Dynamics of motion — time varying
— Additional information content
— More natural human motions
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Non-Linear Gesture Models

* Five previous models

 Three new models
— Additional terms
— Designed to handle speed-up/slow-down
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GRS Schematic

Hand Tracker

Dynamic Gesture

Recognition

Static Gesture
Recognition
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Behavior Recognition System
 Data input Wortd Emyironment

Sensor Pasition

e Parser

¥
Parser

e GRM =

e Behavior Racognition|  Retogniton

Module Module

Gesture
LR Recognitio
Module

Behavior
Identification
Module

Behavior output
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* Multiple x,y,z coordinates from any source

 Coordinates from each body location
— tagged or untagged

ISSues:
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Gesture Recognition Module

* Pick fixed body point. Torso, head, or even
hand

» All other gestures are In relation to “fixed”
point
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Behavior Identification

e Tested on: Jumping, walking, jugging,
sguats, running, and skipping
— Different gaits

e 95006+ recoqnition rate (comparable to
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Future Directions

 Expand gesture lexicon
» Alternate behavior models
« Variations from typical behaviors




& REPRESE, >

C , ¥ O - L5 X
BER'-VE- 4 14th BRIMS Conference @M 5% \

16-19 May 2005 ”';_-r i;'i:- f “5

"00;{,‘? aﬂdéﬁ‘g\'?

Patent Allowed!

e “Behavior Recognition System”
e To be issued: July 11, 2005
o Other gesture patent: “Gesture Controlled
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Discussion

Modern Control Theoretic Approach for Gait and
Behavior Recognition
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Extra Slides Follow
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Software Development Kit

e The GRS SDK consists of :
— GRS API (Application Programming Interface)
— Tools for Training, Evaluating
— Reference Manuals, Tutorials, Code Examples
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Software Development Kit

* The GRS SDK:

— Allows any application to utilize gesture
recognition

— Straightforward training of new gestures
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Software Development Kit

« The GRS API, In particular:

— Allows easy integration into any C/C++
application on a Window/UNIX environment

— Provides powerful and dynamic control over all
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Commercial Systems

« UseYourHead
* Northrop Grumman Map Control
e GestureStorm
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