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Motivation

A Last week: Various VR Application Areas

A VR/AR environment =
Hardware setup + VR software framework +
Application

A Detailed knowledge is needed about

I Hardware:Input Devices & Trackin@utput Devices,
3D Graphics

I Software: HigHevel programm., VR frameworks

I Human Factors: Usability, Evaluations, Psychologic
ClIOU2NE 6t SNOSLINIA2Y X0
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e Input devices

Hardware that allows the user to communicate with
the system

Input device vs. interaction technique (e.g. zoom)
Single device can implement many ITs
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The Interface Problem

Dependencies:

Input
Application Device &
Tracking
' Output l

Device

There is not a single ideal solution for all applications!
Exampl es: Elderly people (Smartphone"
How to find a good solution: Know the possibilities!



Input Device Classification

A Discretec Continuous
A Degrees of Freedom
A Activec Passive

A Technological Principle
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Discrete- Continuous

Discrete / everthased

Generate one event at a time based on the user
Examples: Keyboard, Pinch Glove (see picture), Buttons

Continuous / sampled

Continuously generate events in isolation (passive) or in
response (active) to user action

Examples: Trackers, Datagloves
Hybrids (e.g. mouse)
Miscellaneous input
I Speech
I Gestures

. 1 Locomotion devices




<= Degrees of Freedom (DOF)

A Number of independent values/measurement

A Commonly used:
I (2DOFR> 2D e.g. mouse)
I 3DOFR> position
I 3DOFR> orientation (rotation relative to coordinate
system axes): roll / pitch / yaw
I 6DOFR> position + orientation
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Active / Passive Devices

A Purely active input device:
I Requires user interaction
I E.g. trackballs, sliders, dials
A Passive device:

I Generate data continuously
I No input required



== Technological Classification
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A Classification by Operating type

I Architectural / Technological principle

A9 dId al AYSGAOE hLIWAOFT X L
I Regardless of actual implementation
I How (tracking) data is acquired

A Classification by Implementation
I Principle of (tracking) data acquisition
I Physical principle
I Types of sensors used



S Overview
A Desktop Input
A Symbolic Input
A Tracking (6DOF)

I Criteria

I Technology

A Mechanical, Magnetic, Optical, Inertial, Time of Flight, Hybrid

A Haptics
A Locomotion

For all devices:

A Technological Principle

A Technological Advantages & Disadvantages
v A Human Factors Advantages & Disadvantages
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Desktop Input Devices

Used in Desktop VR:

A Keyboards

A 2D Mice and trackballs

A Joysticks

A Pen based tablets

A 6-DOF devices for the desktop

A Haptics



A Isotonic Joystick
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I Rate control (not position control)
I Haptics: forcdeedback
| Easy to use

A Isometric Joystick

I Handle does not move
I Output varies with force that is applied
I E.g. laptop trackpoint

Joysticks

I Movement continues until handle pushed back to
neutral position




e.g. Wacom tablets

A Very precise input

A Absolute input!
Mice/Joystick: relative input
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6 DOF DeSkTﬂn Inni it Dp\lmac
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3Dconnexion:
A SpaceMouse
A SpaceBab000

Developedor desktop3Dinteraction
I CAD
I Usedadditionallyto mouse

I Finemanipulationcanbe
difficult

I Needs timeto learnusage

I 3Dexpertsveryquick but
needspractice

I Not idealduringmobilework
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== Haptic Input for Desktop VR

Phantom device:

A Accurate 6DOF input

A Mechanical Tracking

A Force Feedback (limited)
A Restricted Area

A Only
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~ Other Desktogbound Haptic Devices

A 6-DOF Delta devicespherical knob (Novint Falcon)
A Haptic feeling for all fingers holding the knob

A Not mobile

A Custom made research devices

Video
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Symbolic Input Devices
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environments

A Design annotation

A Filename entry

A Labeling

A Precise object manipulation

A Parameter setting

A Communication between users

Aal NJ dzLJ 6 KAIKE AIKITZ 0

N N
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“* Features of Symbolic Input in 3D
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A5Sali2L)] RSOA0Sa 6So3
work in 3D:
I Users are standing / physically moving
I No surface to place a keyboard

I Difficult or impossible to see keys in ldyght
environments or when wearing HMD

A Work-arounds possible

A Positive:
I Symbolic input in 3D less frequent than in 2D
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A Alphanumeric input
I Alphabetic and numeric characters

A Editing alphanumeric symbols
I Selecting & deleting characters and substrings
I Insert text

A Markup input
T9YKEFEYyOS GSEGY AGlFfAOaz
i{ LISOATEe F2yiZ O2f 2NEX®PC
| Least studied and least important
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mg Thad Starner

we SYMBbolic Input:
Keyboard Based Techniques

A Miniature keyboards

A Low keycount keyboards
I e.g. mobile phone SMS; T9 syste
A Chord keyboards (e.g. Twiddler
i Training required
A Pinch keyboard
| Based on pinch glove

A Soft keyboards

21
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A PenStroke Gesture Recognltlon6 455 “/L] =

I PDA Graffiti Alphabet ‘f&--*_\&' W \:c; 52 E /E,

i Cirrin soft keyboard . _:] 8 j Z%S\/a\ﬂ% -

A Pen Input (Digital Ink) ""‘ii*";-;’,;,r \@f“ M e .
Sm'vl'o.!?ecognition of handwriting, W[J}%LC mOPSCmEE
CENANN 0.
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Gesturebased Technigues

A Either by using gloves or computer vision

I Difficulties
A Glove calibration
A Gesture recognition

I Today more and more vision based
3 Types:
A Sign language gestures

A Numeric gestures

I Use of fingers represent number
A Both hands can be used
I No application of this technigue known

A Instantenous gestures



- Sign Language Gestures
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A Glove based

I Must be trained

I Only small percentage
of population know sign
language

A Vision based
I Difficult
INn real time
I Occlusions

24
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Complementary to other
modes of interaction

ldeal for multtmodal interaction

Speech Input

Microsoft SideWinder

Issues to consider

continuous vs. ondéime recognition

choice and placement of microphone

training vs. no training (= speaker independent)
handling of false positive recognition
surrounding noise interference
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Speech Input Hardware

A Headset: wired or wireless

I Usually Bluetooth communication for
mobile use

26
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Tracking
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Tracking systems

Measure position and/or orientation of a
sensor

| 6 degrees of freedom in space
Most VEs track the head and the hand

I Correct viewing perspective
I Interaction
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Quality factors / Criteria

A Degrees of freedom (3D pos.+orientati@n6DOF)
A Range or working volume
A Accuracy
I Static
I Dynamic
A Time for measurement LK I & S -k HES & v
A Update rate (measures/sec)
A Signal to noise ratio
A Registration
A Sociability (Tracking should not hinder freedom)




e Range, Working Volume
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A Amount of space, where tracker works

A Range:
I Distance from sensors
I FOV of camera

A Working volume:
I Volume resulting from ranges

A Time until stability degenerates
I E.g. Drifting of inertial trackers

30
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Static & Dynamic Accuracy

Static AccuracyMaximum deviation from fixed tracker
position to fixed reference value

A Influenced by:

I Receiver sensitivity, Transmitter s/n ratio, A/D converter
resolution, Analog component noise tolerance levels,
Environmental effects, Algorithmic errors, Installation errors

Dynamic AccuracyAccuracy as sensor is moved
A Dependent on static accuracy
A Influenced by:

I Processor type, System architecture, Time dependent system
components

31



5 . .
m” Tracking System: Generic Architecture
(Latency, Lag, Update Rate)

Transmitter

l A
@ Transmitter coil

T.v\cqu 111111111 TP.—ncc“m
output

Acquisition —{ Processor > Filter }——

i
Receiver
coils

L Latency | L Update rate |

o) Phase lag i

Figure 6.11 Generic architecture for a head tracker system.
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Latency & Update Rate

Latency Rate at which acquisition portion of system can
acquire new data

A Aspects:

I Hardware limitations

i ¢AYS G2 a8SyasS OKIFy3asS Ay NBO)
A Example optical tracking: Time to capture image

Update Rate Trackers ability to output position and
orientation data

A Influenced by:

I System processor
i Algorithm

A Example: Time to process image & extract data
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Phase Lag

A Latency + update rate
A Fast motions tracker cannot keep track

A Contributors:
I Architecture
I Processor type
I Algorithm
A Improving one of these can reduce lag



In
@=  Visually coupled Systeq

Still Interactive?
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Application

Tracker Renderer

B e ————

1-500 ms 14-100 ms

0-500 ms 0-100 ms 0-17 ms

Tracker: phase lag
Application: time to process tracking data

Time for rendering
Interactivity: 15-20 fps
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Registration (esp. for AR)

A Correspondence:

I Actual position / orientation =
Reported position / orientation

A Good accuracy/resolutiondoes not imply
good registration

A Im
A Im

SIC

36

portant for more than one sensor
portant usabilty factog can cause bad

e effects (Cybersickness)



== Effects of Inaccurate Tracking
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A Obijects appear where they are not
A Proprioceptive conflicts
I Static: limb location conflicts
I Dynamic: visual delay (lag)
I Limb jitter or oscillation
A Misregistration
I Constant OK (immersive, non sdégough)
I Changing can hurt
A User forced to adapt
A Simulator sickness (Cybersickness)

37
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Sociability

A Can it be used by multiple users?
A Is interaction possible then?

A Restrictions by:
i hLISNI GAYy3 LINRYOALX S 06YydzYyoSH
i Weight | A@mmf
I Size H
I Phase lag
I Wires

SGI Indigo2 SGIO2  Intergraph Input
Impact driving Wildcat
driving HMD  video driving
recorder video projector

Output
Computing



=~ Classification by Operation Princi
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A Mechanial
A Magnetic(AC/DC/passive)
A Optical

I Marker based

I Natural feature; Vision (Gestures)
I Motion capture

A Inertial (gravity, acceleration)

A Timeof-Flight & Frequency Measuring
I (Radio Waves) GPS ...
I (Sound waves) Acoustic

A Hybrids(combination of multiple)

39
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Structurec Tracking Hardware

A Technological Principle

A Technological Advantages & Disadvantages
A Human Factors Advantages & Disadvantages
A Examples
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Mechanical Tracking

.-':»; = -":- o v\,;
L N e T oo ‘

. L - ‘ |
Reference Mechanical links equipped

e -
with encoders
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Mechanical Tracking

Oldest tracking technology
Measure angle of human joints

Potentiometers for angular measurements
Position reconstructed using kinematics
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i Mechanical Tracking

Advantages
I Technology well known
I Tracks multiple users in reime

Disadvantages

I Groundreferenced
A Limited working volume

I Uncomfortable

I Exoskeleton

A affects movement
A Need to adjust per person, can befitting
A No global movement tracking

43



e Mechanical

A Pros
I High precision
I Very fast
i High S/N
A Cons
I Infrastructure

I Compounded
measurement error

I Restricted working
volume

I Restricted motion
I Not very sociable

oo




Fakespace

Boom

3C/HF/Push

Shooting Star
Technologies
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CyberForce

A Immersion Corp. Produ
I CyberGlove
I CyberTouch
I CyberGrasp
I CyberForce

A 6DOF tracking N\
A Most natural interface the human hand
A Usability problem
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MagneticTracking

A Circulatingelectriccurrentin coil -> magneticfield is
generated

A At distancer, the field haspolar
coordinatesB, and B,

A Magneticflux is createdin reciever(magneticfield senso)

A Magneticflux: Functionof distanceand orientation relativeto
coil

A Tomeasurepositionand orientation of recieverin space
emitters consistof 3 orthogonalcoilsandrecieversof 3
sensors>combinationof three elementaryorthogonal
directions



TVL Magnetic Tracking
“  Alternating Current (AC)
N

3-axis I l

electromagnetic Transmitter
dipoles U

EI Recelver

A Transmitter:electromagenetialipoles-> AC field
A Receiver: induced voltage measured

A Voltage dependent on:
I Distance transmitter <= receiver--> position
I Orientation of coils in magnetic fields> orientation
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i DC Magnetie Overview
A Similar operation to AC Transmitter
A Short DC pulses wsontin. AC

A Transmitter
I 3 orthogonal colls, cubic core '
I Mounted rigidly to reference structure
I Driven sequentially

A Receiver
I 3 orthogonal colls, cubic core
I Additional energizing coll
I All 3 measures concurrent

A 4 phase measurement (4.: earth
. magn Fieldg subtract out)
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Magnetic: Advantages

A No line of sight restrictions continuous data
A Small/lightweight sensors

A Wireless versions available

A Off the shelf available, robust

A High update rate (200 Hz or more)

A Price depends on tracking rangean be
relatively inexpensive
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== Magnetic: Disadvantages
A External noise eI

itad YSOFrtyY LkR2g
I Unwanted eddy currents
(Field distortions) a) 5

A CondUCtlve materlal WI” d IStO rt Figure 2.7: 3-D Magnetic sensor accuracy degradation: a) with distance;
the magnetIC fleld (monltOI’S) b) due to metallic objects [Burdea, 1993-b].

A Field strength ~ 1/d"3

| Jitter at boundaries (Filtering increases phase lag)

I Cannot increase electromagnetic field strengthmight
have conseguences on humans

A Not the best accuracy
;A Limited working volume (max-3m radius)
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AC Magnetic Products

A PolhemugFasttrak InsideTrak
LongRanger..)

Longranger:
sphere ~ 50 cm

with orthogonal coils
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== DC Magnetic- Ascension

Video of our former VR lab

Flock of birds

Mrolier
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MotionStar

TioN B °
ThRnl(\)C KING _ MotionStar

Alsion
Ascers e

PciBird
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AC

DC
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AC/DC Magnetic Specifications

Model Latency e Range Accuracy Costs
sensor
FastTrak 4 ms 4 ~3m 2mm, 0,15 degree u 7.
IsoTrak 20 ms 2 ~15m 0,25cm; 0,75degree | u 3.
LongRanger 4 ~10m
InsideTrak 12 ms 2 ~15m 1,25 cm; 2 degrees u 1.
UltraTrak Pro 6 ms 32 4,5m 2,5 1 7,5 ¢un,7 3.
Max. # of
Model Latency 7O Range Accuracy Costs
sensor
Flock 20 ms 30 ~1Im| 0,25cm; 0,5degree |(u 3.
Flock 10 20 ms 30 ~3m 3 cm; 1 degree u 8.
MotionStar 20 ms 120 ~3m 3 cm; 1 degree 33.000
MotionStar u
Wireless 20 ms 18 ~3m 3 cm; 3 degree 64.000

All latency times without filtering




MotionStar
4

Real-Time

Magnetic: MotionStar - P

A Wireless Magnetic Tracking
System

A Up to 20 sensors
A Motion Capturing

A More than one transmitter
possible

Sensors: 20/suit

100 updates/sec
3 meters range
from base unit
Resolution<2 mm
and <.2 degrees

Electronic unit
(2 hours battery life) §
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A LowcostPCcontroller

A 6 DOFmagnetictracking
A 1 mm, 1degaccuracy

A Range ~ 1.5 rfiom base
A Lowlatency no line of sight

A Distortionsfrom metallicobjects
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A Devices
I Compass (magnetometer)

A Measure

I Earth's magnetic field

I Heading only (2DOF)
A Pros:

I No infrastructure, Available outdoors, Absolute reference
A Cons

I Affected by

A Other ferrous and magnetic materials
A Active magnetic sources

I Limited information (2D orientation only)
I Field is very tilted in significant parts of the world
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STOPPED HERE 18.10.2011
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Optical Tracking
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Vision Trackers

Kaufmann

| dius encoding sectors |
I Fiducials ,, T
A ARToolkit ~5
i Videol: Magic Book — d

=10 221210001

T Video?2: Cockpit Layout
T Video3: Invisible Train
A ARTag

A Intersense

I Markers/LEDs

A ARTVicon iotrackerX
A Hi-Ball

I Natural features
A Various research projects
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