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Overview

NASA announced the awards in August 2001

We received NASA funds (and matching funds from
Nevada) in April 2002
Summer 2002 research activities
— Built agraphical model of the human hand and simulated hand motion.
— Worked on hand segmentation from 2D images.
— Recruited and hired a postdoc (Dr. Erol)
Project started officially in Fall 2002
— Visited NASA Amesin September
— Regular UNR-UNLYV group meetings




Main Project Goal

Developing efficient and effective virtual environment
technologies to provide sophisticated training sessions for
astronauts and to help ensure safety is a high priority to
NASA.

Advance NASA'’s virtual environment technologies by

developing and demonstrating computer vision
techniques for efficient and effective human-

computer interaction in virtual environments.




Other Project Goals

» Help Nevada to build significant research infrastructure in
areas of strategic importance to NASA.

 Enhance Nevada’s graduate programs in computer science
and engineering.

» Support and promote the education, research, and public
service priorities of the




Space Station Glovebox Facility

The International Space
Station will soon provide a
research facility for studying
the long-term effects of
microgravity on living systems.

Glovebox has been designed
to accommodate these life
science experiments and
procedures.




Space Station Glovebox Facility (cont d)

The experiments will
demand very detailed
training and knowledge
of instrumentation,

anatomy and specific
scientific objectives.

To be successful,
astronauts must remain
highly proficient in these
experimental
techniques.




Virtual GloveboX (VGX) Simulator

is developing an l B f’_: —
immersive virtual environment = o y. 5 |

simulation system (Virtual =
GloveboX or VGX) to provide

an advanced “fine-motor
coordination” training and
simulation system for
astronauts to perform precise
biological experiments in a
Glovebox aboard the
International Space Station.




Virtual GloveboX (VGX) Simulator (cont d)

 VGX is designed to
integrate high resolution
imaging technology, force-
feedback devices, high-
fidelity graphics and real-
time computer simulation
engines to provide a
realistic 3D virtual
environment, mimicking the
real Glovebox environment.




Limitations of present VGX design

» The effectiveness of the glovebox as a training tool
depends on the precision of the sensed motion and ease
of use.

» Present design utilizes research technologies that
incorporate electro-mechanical sensing (i.e., cybergloves)
Hinder the naturalness of user interaction with the simulator
Do not provide user access to the entire functional workspace

Do not measure all the degrees of freedom of natural hand/digit
movements

Require time consuming calibration procedures
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Main Project Objective

» Enhance the utility and effectiveness of VGX by developing
and demonstrating non-contact, computer-vision-based
interaction techniques for:

(2) real time tracking and
registration of the human arm,
hand, and fingersin 3D space.
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Main Project Objective

(2) red time head tracking
and pose estimation.

(3) red time eye tracking and
eye-gaze estimation.
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Other Project Objectives

Improve research infrastructure in Nevada.
— Attract and retain highly qualified postdocs and grad students.

— Enable the development of a core group of researchers in imaging
sciences-related research (e.g., Center for Imaging Sciences).

Gain support from sources outside the NASA EPSCoR

program.
— Submit proposals (e.g., NSF ITR program, ONR)

Improve Higher Education and Economic Development.

— Strengthen the graduate programs at UNR and UNLV

— Transfer the technology to be developed to the private sector in
Nevada(e.g., IGT, Nevada Test Site)
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Other Project Objectives (cont’d)

» Coordinate with the Nevada Space grant consortium.
— Involve undergraduates in NASA related research.
Organize a computer vision workshop.

Present seminars to students and faculty at UNR and UNLV to build
awareness and interest in NASA related research.

Invite researchers from NASA to present current research activities.

Help loca school districts to develop new ways to interest studentsin
science and technol ogy.

Pursue outreach activities (e.g., Nevada Science and Technology Day)
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Feature Extraction
(Fingertips, Joints, Silhouettes, Ellipses)

AL ElEE Basic Features 2D

and 3D locations Silhouettes
Palm|State 3DV elumetric
Estimation Reconstriuction

Palm Orientation & Reconstructed

3D Position Hand

Hand-Sate Estimation
3D Volumetric (Fit the 3D model to the reconstructed hand)
Hand Model

Present Hand State
Predicted Next State

Hand Model Tracki ng
Constraints (Kalman Filter)

OUTPUT

Hand Position + Visual Feedback
Joint Angles
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Skeletal Hand Model

Middle

Ring

}

Pinky
Distal Interphalangeal OIP) |
@)

Proximal Inferphalangeal (PIP) |

Metacapophalangeal (MC

Index

3D hand model (27 DOFs)

Finger

Flexion/Extension
Abduction/Adduction

Interphalangeal (IP)
Metacapophalangeal (MCF

Trapeziometacarpal (TM)
Wrist

Local coordinate systems
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Volumetric Hand Model

Add flesh around the
segments.

Hierarchy of simple
geometric models

(e.g., cylinders, truncated
cones etc.)
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Hand Motion Constraints

All possible combinations
of parameters yield
unrealistic hand
configurations.

Static Constraints:
(1) Range

Dynamic Constraints:
(2) Dependencies

(help to decrease the DOF's),
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3D Volumetric Reconstruction

Shape from
Silhouettes:

(1) from each silhouette a
conic bounding volume
Is constructed for each
view.

(2) the intersection of
the volumes yields an
approximation of the
3D object.
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Hand State Estimation

Aling the 3D Hand
Model with the 3D
Reconstructed Hand

(1) Estimate pam orientation
first.

(2) Estimate the state of the
fingers second.

=
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Palm Orientation
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State of the Fingers

Establish correspondences
between the hand model
and the reconstructed hand.

(1) Use gloves with color markers

(2) Use motion constraints
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Hand State Prediction

Facilitate alignment by predicting the hand state
in future frames

Decrease the size of the search space

Make use of temporal coherence

Kaman filter with linear dynamics (e.g constant velocity,
constant acceleration)
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Hand Moda Calibration

Segment lengths,
radius of cylinders are
user specific.

Ask the user to place
his hand on a flat surface.

Store the measurements
in a database.
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Hardware Implementation

A computationally intensive real-time application.
Image processing boards.

Different board for each camera.
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Visua Feedback/Evauation
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