3D User Interface Hardware

Lecture #6: Input Devices
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|nteraction \Workfiow

Human transfer function
Percepts —» User goals
User

User goals —= Actions Display — Perceptual

information

Input Output
Device Device

Actions —» Signals System goals — Display

System

System transfer function
Signals — System goals
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Lecture Outline

Input device characteristics
Desktop devices

Tiracking| devices

m position

= eye

m gloves

3D mice

Direct human input

Building special input devices
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Input Devices

Hardware: that allows
the user to communicate
WILH the system

Input device vs.
Interaction; technigue

Single device can
Implement many. lits
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Input Device Characteristics

Degrees ofi Freedom (DOESs) & DOE
composition (Integralivs. separable)

Type of electronics: Digitalivs. analoeg

Range of reported values:
discrete/continueus/hyilrid

Data type of reposted values: Boelean vs.
Integer vs. fleating point
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More Input Device
Characteristics

User action required: active/passive/nyhrid

Methed el providing Infermation: “push’
vs. “pull”

Intended use: locator, valuater, choice, ...
Frame of reference: relative vs. absoelute
Properties sensed: position, metion, ferce,

Spring 2008 CAP69388 — 3D User Interfaces for Games and Virtual Reality: ©Joseph J. LaViola Jr.




Desktop Devices: Keyboards

Chord! keyboards

Arm-mounted
keylheards

“Sofit” keyhoards
(legical devices)

www.virtual-laser-keyboard.com
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Desktop Devices: Mice and TrackBalls

Many: vVametes
2D input te; 3DUI
Relative devices
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Desktop Devices: Pen-based
Tablets

Absolute 2D device

Either direct ox
Indirect
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Desktop Devices: Joysticks

ISotonic vs. [sometric
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Desktop Devices: 6-DOF Devices

61 DOES witheui
tracking

OfteniiIsemetric

SpaceBall,
SpaceMouse,
SpaceOrh
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Tracking| Devices: Position
Trackers

Measure position'and/er orientation of a sensor;
Degrees of freedom (DOFES)

Most VES track the head
s motion panallax
s naturallviewing

Types of trackers
magnetic
mechanical
acoustic
inertial
vision/camera
hybrids
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Other Uses For Trackers

Track hands; feet, etc.

m “Whole hedy™ interaction

s motien capture application
Correspondence between physical/virtual
objects

= Props

a spatial imput devices
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Tracking| Physical Objects
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Magnetic lirackers

Example: Ascension: Bird

Advantages

= good range

s No linerof sight issues
s moderately: priced

Disadvantages

s metal or conductive
matexnal willf distort the
magnetic field

magnetic field can
Interfiere withi nearby,
monitors
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Mechanical Trackers

Example: Fakespace BOOM tracker:

Advantages

n low latency

= Very accurate

Disadvantages
pig and bulky,
usually: enly: ene sensor
reduced mobility:
ExXpensive
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Acoustic Trackers

Example: Logitech Fly.
Mouse

Alserknown as ultrasenic
tracking

Advantages

= No interference with
metal

u relatively iInexpensive
Disadvantages
n line of sight Issues

m Sensitive tor certain
noises
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Inertial Tracking

Example: InterSense
1S300;, Wiimote
Advantages

= No Interference with
metal

s long range
= No)need for transmitter
Disadvantages

m SUbject te errox
accumulation

= only track orientation
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Optical/Vision-hased! trackers

Exse Vicon,, HiBallf
ARIoolkit

Advantages
= accurate
u Can capture a large velume
u dllew for untethered tracking

Disadvantages

= [IMage processing
technigues

m occlusion preblem
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Hylridl Trracking

Example InterSense
1S900

Advantages

m puts two or more
technologies together
to improve accuracy,
reduce latency; etc...

Disadvaniages
s adds complexity.
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Tracking| Devices: Eye Tracking
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Tracking Devices: Bend-Sensing
Gloves

CyberGlove, 5D
Reports hand posture
Gesture:

m single posture

m SEries ofi postures

m posture(s) + location
O moetion
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Tracking| Devices: Pinchi Gloves

Conductive cloth at
fingertips

Any: gesture of 2 ter 10
fingers, plus
combinations; of:
gestures

> 115,000 gestures
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3D Mice

® $ &
Ring Mouse

Ely Mouse
\Wand

Cubic Mouse
Drageniiy.
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Shapelape
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Human Input: Speech

Erees hiands

Allews multimedal inpui
NG speciall iardware
Specialized software

ISsuies: recognition, ambient .
noise’ training’ false http://www.lindamoran.net/images/yelling.jpg
POSItIVES, ...
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Human Input: Bieelectric Control
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More Human Input

! I
|

Breathing device -
OSVOSE

Briain-hedy actuaied
control

= Muscle mevements
s thoughts!
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Why Build 3D Ul Devices?

Assist Ini designing; new: interaction technigues
Improeve upen existing technigues

Provide interfiaces for specific 3Dl Interactions and
applications

GIVe USESS MOre expressive power
Develop new interaction| styles

Develop new and improved 3D interface. hardware
EFuniii

http://iwww.uni-weimar.de/cms/medien/virtual-reality/research/interfaces/input-device-and-interaction-techniques.html  http://www.labri.fr/perso/hachet/CAT/
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Tools of the Trade

Sensors, buttons, switches, controllers,

www.futurlec.com
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3D Input Device Building Strategies

Device function
s What will the device sense?
force
motion
button| presses
u what physicalldevice types are required?
need to choose appropriate SEnsors
= digital/analog
= pressure, bend, potentiometers, thermistors
conductive: cloth) (great sensingl material)
SEnser heusing

a How will'sensors berplacediin the' physical device?
physical constiiaints
physical’ comfoert
s How te build therhousing?
milling machine
vacuiorm| device
3D printer
Lego bricks
modeling clay:
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Device Ergenemics

Good ergonemic designiis
crucial CyberGrasp by Immersion
= device housing BT '
m control types
Issues to consider

device should berlightweight:

avoid fatigue

simple to use

easy to reach buttons and
controls http://www.it.bton.ac.uk/staff/Ip22/CS133/haptics.html

avoid undues strain
don't want to) cause User pain
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Connecting| Devices to the Computer

Need terconnect device o the computer
s USB
u serial poert
s Bluetooth
Often need a micrecontroller (not always)
a small’computer that can interfacerwith other:
electronic components
u PIC (Wwa:microchip:com)
u BAsiCX-24 -- easy/ to) Use
pregramming in Basic
has nice development: kit:
A typical approach
build' electronicsiwith' protetyping board
wirite code in IDE andl downlead ter board
test and debug
put electronics oni circuit board

writer device, driver www.basicx.com

Spring 2008 CAP69388 — 3D User Interfaces for Games and Virtual Reality: ©Joseph J. LaViola Jr.

17



Software for the Device

Need to have software to) use device in applications

Several strategies

u Wiite driver from| scrateh
need! to knew: something about OS — low, level support functions
understanding ofi serial/USBrcommunication| protecols
typical functions — epen;, close; read, wiite
plug| interAPI

s Utilize existing soeftware — provide drivers for many devices'and

machineny to create new: GRes

VRPNI=developedtat Ul Noexthi Canaling:
\/RJuUggler — developed at lowas State

= interface device: toolkits
Phidgets
I-Cubex
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Case Study 1 — Interaction Slippers

Providing more powerful
methods of expression

Offload functionality’ torthe
USEr’s feet
Input: Device

paii- ofi commercial house
slippers

embedded Logitech Trackman
Livel™ —wireless trackball

conductive cloth
Allews; for tee and heel tapping
Interact withrthe Step\WiM

s miniature version ofi the world
place enithe floor

u (oge tap to inveke the WIM
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Case Study 2 — Reinventing the
Pinch™ Glove

Pinchr Gleves

= determines of two or more fingertips are
touching

s Uises conductive cloth

s designedifer pinchingland grabbing
gestures

= at the time, $2000
s had preblemsiwiths reliability,
Wanted to build custom: device Al
m less expensive ($200) www.fakespacelabs.com
u more flexibility;
not just pinching gestures
plug:-n-play;
allew for'a variety: of switches

Conductive Cloth Button
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Elex and Pinchi Input

Dealing| with' input device
limitations

u bend sensing glevesivs: pinch
o [o)V/=

m Mprove existinglinteraction
technigues
Input Device
s 16/ conductive cloth contacts
n Usediwithibend sensingfgleve
u Canibe placed anywhere
Improve image plane
interaction technigues
m allew: user to activate
selectionwith primanyhand

multiple fiex button
configurations
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CavePainting Table

Iimpreve: a specific.application

s explore prop-hased
interaction

a  Used for painting 3DIscenes
Input Device

u tracked paint brush

s paint cup props

uses conductive cloth

s bucket Tool

u  Mmisc. knebs and switches
Hold dewnr brushibutton te
paint
Dipi paint: brushiinto: paint
cupsi to change strokes

Use bucket to throw: paint
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EingerSleeve

Iinspiration| for creating novel
Interaction technigues
Pop threughsbutiens
s Use light and firm pressure
Input Device
worn on index finger

made from elastic fabric and
flexible plastic
6/ DOF tracker attached to the
back ofi the sleeve
interesting design issues with
butten style and! placement
Principle
s light pressure used for' temporany.
action
s actions confirmed by firm
pressure
ZoomBack: Trechnigue
= temporary and permanent travel
Snapshot Technigue
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Case Study 3 — 3motion

3D gesturerinteraction system

s developed by Keir et al. 2005;, Digital
Design Studio, Glasgow! Schieol off Art

u designed as Inexpensive tracking solution
u Used for gesture tracking
Compenents
m  single chip 3-axis|linear accelerometer:
u severallbuttons
u Wwireless bluetooth communication
u software SDK
Jlested in gaminglenvircnment and
character manipulator;

Used onl celll phone te play virtual golf

http://research.navisto.ch/publications.html

Can you say, Wii?
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Frem Labi to Production (1)

Chord Gloves
Mapes and Moshell (1995)

Pinch™ Gloves
By Fakespace

Cubic Mouse
\taﬂ' Cubic Mouse

— By Fakespace

Frohlich and Plate (2000)
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Erom Lab to Preduction (2)

The CAT (Computer Action Table)

The CAT
By

Immersion SAS

Hachet et al. (2003) www.immersion.fr
HiBall 6D Tracker

HiBall
By 3 Tech

Welch (1996) http://www.3rdtech.com/HiBall.htm
http://www.cs.unc.edu/~tracker/media/htmi/hiball.html
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Prototyping Toolkits — Phidgets

Phidgets (Greenberg and Eitchett 2001) — building blecks
for lew: cost sensing/control
= uses USB
= clean separation of hardware and software
= simple API
= Don't need to worry about
MICIrepProcessers
communication protocols
soldering
Variety. ofi sensors Analog inputs  Digital Inputs
= touch
light
force
vibration
rotation
Other tools
accelerometers
switches
REID tags
etc...

Digital Outputs
www.phidgets.com
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Protoetyping Toolkits — I-CubeX

I-Cube (Mulder 1995) — uses the Musicall Instrument Device Interfiace
(MIDI
» MIDI'— protocoelifor communicating controll infermation
s alse uses Bluetoothr (wireless)
u similar advantages to) Phidgets
ne microcontoller programming
no; circuit design
software ARl
\Variety of Sensors
ailr
touch
bend

infusionsystems.com
tempergture 3D Acceleration
magnetic

J Sensor Touch Sensor :
gt BioBeat Sensor
tilt

£
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Next Class

Selection and Manipulation
Readings

s 3DUI Beok — Chapter 4
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