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Human Interfaces and Perception
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Human Perception
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Example: The McGurk effect
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Some (Virtual) Realities
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Some (Virtual) Realities
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Some (Virtual) Realities
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Some (Virtual) Realities
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Example 1: Real Wok
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Example 1: Virtual Wok

[Doel, Kry and Pai 01] © Dinesh K. Pai [James + Pai 99]

Example 2: Deformation

Input / Output
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Visual Displays
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Stanford Responsive Workbench

UIC/FakeSpace Cave
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Auditory Displays
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Haptic Interfaces

VTI CyberForce

PHANToM
Harvard Tactile Display

Logitech IFeel
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Utah Locomotion Interface

http://www.cs.utah.edu/~jmh/Locomotion.html © Dinesh K. Pai

Other input devices
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“Real soon now” displays
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1. Geometry representation
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Subdivision surfaces
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Example: model of real object
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Subdivision surfaces
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Refinement rules for Loop surface

[From: Zorin & Schroder. SIGGRAPH course]
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Parametrization
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Resources
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Dynamics and Contact
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Overview
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High school dynamics
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Simulation: Numerical Integration
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Numerical Integration (continued)
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Rigid body dynamics
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Rigid motion and transformation
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Cross product matrix
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Transforming spatial velocities
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Notation...
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The notation finally pays off!
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Wok Example
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Contact interactions
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Rigid body impact

❚ `badcbeCf g�h�cCi�j]f kml�a�n;opi�q�g�h
e a�rscbtCu�l�abn;opvwcdkxjy�z|{C}�~�� ���>���.�C�������b�.�
❚ �����_�C���[�b���
�>�d�d� ���������s�d�
�b� �m�w���� �����b >¡C¢��£� ¤��¦¥�� §�¨
© ¡���� ª��
❚ «�¬b­¦®�¯�°�± ²
³ ´pµR± °�¶�·�± ¸�± ¹�²�¬d¹�ºp¹�º
»�¯
­�± ¼�½¾�¿ À�Á
Â Ã�Ä�Å�Æw¾

© Dinesh K. Pai

Rigid body impact
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Continuous Contact models
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Continuous Contact models
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Multibody Chain
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Multibody Dynamics
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Extended DAE:  Mx = b
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Sparse Gaussian Elimination
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Contact Evolution
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Contact Simulation
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Contact Simulation…
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Sound Simulation
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Why Sound?
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Synthesis Method
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ForceVibrationEmission
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ForceVibrationEmission
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Vibration Model
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Vibration Modes
of Square Membrane

© Dinesh K. Pai

Spectrum of membrane struck at
(0.5,0.4)
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Spectrum of membrane struck at
(0.1,0.4)
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Spectrum of membrane struck at
(0.1,0.1)
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Interactive Sound Synthesis Model
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Sound texture map
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ForceVibrationEmission
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DSP View
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Micro-simulation of contact force
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Micro-simulation of contact force
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Synthesis  API
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JASS
Java Audio Synthesis System
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JASS Architecture

Engine Package

UG Package Render Package

Patch Package
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Demos
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Wok Example
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Integrating Audio Haptic Displays

User Interaction
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The AHI Audio-Haptic Interface
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Results

Force
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A User Study
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Contact Deformation
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Deformation simulation
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Elasticity
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Linear Elastostatic Models
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Numerical Discretization
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Example: Boundary Elements

∫∫
ΓΓ

Γ=Γ+ dd  p*u u*puc 

H u = G p

Constant Elements

Point
Load
at  j 

i

gij

Weaken,
Integrate
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Discretize
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Green’s Functions
for Discrete BVP (via BEM)

H u  =  G p

SPECIFY BC

Red    BV specified
Yellow BV unknown

REARRANGE

A v  = - A v
_ _

=

=

=

=

INVERT LHS

v  = - A-1 A v = Ξ v
_ _ _

Green’s Functions © Dinesh K. Pai
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Fast Solution to BVP with
Green’s Functions

v  = Ξ v
_
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Boundary Condition Type
Changes
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Fast Elastostatic Deformation
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Notation
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Sherman-Morrison-Woodbury
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Capacitance Matrix Algorithm
[James + Pai 99,01]

❚ Solution to any BVP in terms of Ξ for a
Reference BVP

Using Sherman-Morrison-Woodbury formula:

v(0) = [ Ξ(I-EET) - EET ] v
       v = v(0) + (I+Ξ)EC-1ET v(0)

C = -ETΞE = s-by-s capacitance matrix

❚ Direct solver w/ fixed solution cost
❚ Construct, cache and reuse C-1

❘ O(s3) when constraints switch (or better)

❘ O(sn) subsequent solves for s nonzero BC

_
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Haptic Interaction [James & Pai 01]
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Capacitance Matrices give
Exact Local Models

❚ Consider contacting a free boundary.
Forces at only contacted vertices can be
computed in O(s2) time as
     ET v = ETv(0) + ET (I+Ξ)EC-1ET v(0)
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Point Contact abstraction
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Capacitance Matrix in Haptics
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