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Scope and Requirements ?

What goes | What&omesout...

A Position A Model Information

A Angular A Movement
Information A Deformation

A Kinesthetics A Vibration

Ao A Gorsuans

A Pressure A Animation

A Touch A Motion Capture

A Force A Manipulation

A Sound A Control

A Gestures ;

A Information A
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Types

A Generic A Data Gloves
:. I\K/Iiibsoeard A Motion Capture
i Joystick A Gestures
i Trackball A Facial expressions
i Touch screen A Force Feedback
i Touchpad i Tactile

A Trackers A Pressure Displays
i Ultrasonic A Custom Stuff

i Magnetic -7

I Mechanical
T Inertial

A Cameras
i Optical
T Infrared

A Sensors

T Pressure
A Thin file resistive, capacitive or inductive

T Force
A Load cells, Strain gauges
A Piezoelectric

i Position
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Input from Common Devices

A Most of 6 pieces of information from figure
can be provided through any one of the
following

I Mouse, Keyboard, Joystick etc.
Y I Often a combination is used for convenience
Yaw sake
4 A However, the following concerns arise
\ I Non intuitive
I Need for mapping

A F.e. from a click on the screen which provides
only (x,y) of device coordinates to the virtual
object

I True 3D data not available
I What about velocity, acceleration, force etc. ?

z A Access data through v,
Roll _ I Directlnput (http://msdn2.microsoft.com/en-
Pitch us/library/ms810471.aspx)
L _ A All said and done ¥Rl
6 d.of. of an object in a 3D virtual and visualization still uses the lowly mouse,
world, upto another 12 pieces of keyboard or joystick

info can be tagged on
(velocity&accin)
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Trackers

Comes in a variety of flavors (mainly by way of operating principle)
i Optical
I Inertial
I Magnetic
I Mechanical
I Ultrasonic
I RF
Provides all information 6 (d.o.f) for a virtual object
Other 12 can also be easily extracted
More intuitive to use than generic devices
What to look for when choosing/buying one?
I Degrees of freedom
I Resolution (Minimum sensing distance)
I Interfacing
I Working Principle
I Measurement rate I Readings/sec
I Sensing latency
I Sensor noise and drift
I Measurement accuracy (errors)
I Measurement repeatability
I Tethered or wireless
I Work envelope
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What Is It we desire ?

A Size

I Need to be non obtrusive and small

A Self contained
I Power supply and communication

A Accuracy
I Not to mention precise/repeatable

A Fast
A Robust

I No drift
A Cheap
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Companies Dealing with Trackers

Company Magnetic Ultrasonic Optical Inertial
Ascension Flock of Birds Laser Bird 3D Bird
InterSense PCTracker 1S-1200 IS-
1200/PCTracker
Polhemus Fastrak
Logitech 3D Mouse Head Tracker
MERL IR/Projector and
Camera based
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Mechanical Trackers

Definition: A mechanical tracker consists of a serial or
parallel kinematic structure composed of links interconnected

by sensorized joints.

Features:
V Use sensors imbedded in exoskeletons to measure position;

V Have extremely low latencies;
V Are immune to interference from magnetic fields;
VBut | 1 mit the useros freedo

V Can be heavy, worn on the body
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Exoskeleton

structure _ Interface
" -~ computer
i
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Inertial Trackers

Definition: Consists of a combination of three (one for each
direction) gyroscopes and accelerometers that estimates
orientation and position through integration.

Features:

V Cheap

V Small and nonobtrusive

V Immune to interference from magnetic fields
V No line of sight issues

V Worn on the body

V No large amounts of equipment to install

V High update rates

V Can be used to predict future movements
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Working Principle

Cyroscopas —ee{ |ntegrate TDrientatinn

acceﬁ:neeters Remave effect
Accalerometars —m= into - of graw.t;r from [ - .DDUblE —= Position
iocally level vertical integrata
N accalerameter
navigation frame

Accelerometars NI n t e n d O WI I 6

Gyroscopes

Problems

1. The problem with integration
and Sensor drift

2. Even at .1% rate it adds up
real fast and real big

(b)

Images courtesy, Welch and Foxlin
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Ascension 3D Bird

TECHNICAL

Degrees of Freedom:

3 {Drientation)

Angular Range:

All attitude (£180° vaw, 907 pitch, £ 180 roll)

Angular Accuracy:

Static Accuracy 25" RMS; Dynamic Accuracy 4° RMS

Angular Resolution:

02°

Update Rate:

Up to 160 measurements/second

Maximum # Sansors:

| per serial port

Maximurn Angular
Coverage:

1000F per second

Computer Interface:

Connects to RS-232 port of vour host computer

Dynamic Lag: 5 milliseconds at 360°/second

PHYSICAL

Power: SVDC @ 100mA. Power supply included
| Sensor Size (LXwx HE 1347108710

Sensor Weight: 1.0z

Sansor Cable:

15 extendable to 30
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Magnetic Trackers

Definition: A magnetic tracker is a necontact position
measurement device that uses a magnetic field produced
by a stationaryTRANSMITTER to determine the redaime
position of a movindqRECEIVER element

V Use lowfrequency magnetic fields to measure position;

V Fields are produced by a fixed source;

V Size of source grows with the tracker work envelope;

V The receiver is attached to the tracked object and
has three perpendicular antennas,

V Distance is inferred from the voltages induced in the
antennasineeds cali bratione

V Metallic objects and surfaces cause trouble
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Stylus
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Fastrack magnetic tracker system
Electronic interface

Recelver
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- Long Ranger =
Transmitter e
Barco Baron 58 N
Immersive Table el s

Crystal Eyes g
Emitters '

| |

S Polhemus (Rutgers)

i Fastralk ; Fastrak Interface
RMII Glove astrak receiver | |
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Flock of Birds (courtesy of Ascension Technology)
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Sensors: 20/suit

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

Electronic unit
(2 hours battery life)

Class 22 Wireless suit (Ascension Technology) H



Feromagnetic

Surface of Accuracy Accuracy Object
equal accuracy Aj<A, As<A, Ay
Ay , -
' Receiver :
A :
: R :
..... "1/
T 7N
_____________ =) )
X
a) b)

Magnetic tracker accuracy degradation
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SPECIFICATION

FASTRACK

FLOCK OF BIRDS

Operation radius
normal
extended

0.75 m (30™)
2.25m (90™

1.2 m (487)
3m(120M

Angular range

all-attitudes

+180°Azimuth&Roll

+90°Elevation
Transl. accuracy 0.03"RMS 0.1"RMS
Transl. resolution 0.00027/inch range 0.03"RMS
Angular accuracy 0.15°RMS 0.5°RMS
Angular
resolution 0.025°RMS 0.1°RMS at 127

Update rate
(measurements/sec)

120 (one receiver)
60 (two receivers)
30 (four recervers)

144

(up to 30 receivers)

Latency (msec)
(single receiver)

8.5 (no filtering)

7.5 (no filtering)

Metal

Interference

Ferrite
Mild Steel
Copper
Stainless steel
Brass
Aluminum

Ferrite
Mild Steel

Copper

Interface

RS-232 (selec. baud
rates to 115,200

or [IEEE-488

up tp 100 kbaud/sec)

RS-232 (selec. baud
rates to 115.200)

or RS-422/485
(selec. baud rate

to 500,000)

Data format

ASCII of Binary

Binary

Modes

Point or stream

Point or stream
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Ultrasonic Trackers
Definition: A nonrcontact position measurement

device that uses an ultrasonic signal produced by a

stationary transmitter to determine the remhe
position/orientation of a moving receiver.

Features
AJse lowfrequency ultrasound to measure position

V Sound produced by a fixed triangular source (speakers);
V Number of sources grows with the tracker work envelope;

V The receiver is triangular and attached to the tracked
V object and has three microphones;

V Distance is inferred from the sound time of flight;

V Sensitive to air temperature and other noise sources;

VRequires ndirect |1 ne of
V Slower than magnetic trackers (max 50 updates/sec).
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Ultrasonic

Speakers
(fixed)

*  Control Unit

Host Computer

Class 22 Ultrasonic tracker (Logitech) ol
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5 feet
Transmiter 2
1 \ Ultrasonic
Speakers
' | / (fixed)
Ll

\ Transmiter 1

Receiver
|
‘ Switch Box \=
| Control Unit I-—— Host Computer

Large-volume ultrasonic tracker (Logitech)

Govindarajan Srimathveeravalli,
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Optical Trackers

Definition: A nonrcontact position measurement
device that uses optical sensing to determine the
real-time position/orientation of an object
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CCD

camera

LED Ceiling

CD panels
Ccamera HMD with Sensor \ ¥}

“.
y \
beackons ™ = .5

Optical trackers: a) outside-looking-in; b) inside-looking-out
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Inside-out optical tracker advantages

The best accuracy Iis close to the
work envelope. LED Ceiling
: panels
V_ery large tra_cklng surfac_e and e
resistance to visual occlusions
(line of sight).
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Outside-looking-in

LaserBIRD optical tracker
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