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Scope and Requirements ?
What goes in é.

Å Position

Å Angular 

Information

Å Kinesthetics

Å Velocity and 

Acceleration

Å Pressure

Å Touch

Å Force

Å Sound

Å Gestures

Å Information

What comes out ...

Å Model Information

Å Movement

Å Deformation

Å Vibration

Å Constraints

Å Animation

Å Motion Capture

Å Manipulation

Å Control
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Types

Å Generic
ï Keyboard

ï Mouse

ï Joystick

ï Trackball

ï Touch screen

ï Touchpad

Å Trackers
ï Ultrasonic

ï Magnetic

ï Mechanical

ï Inertial

Å Cameras
ï Optical

ï Infrared

Å Sensors
ï Pressure

Å Thin file resistive, capacitive or inductive

ï Force
Å Load cells, Strain gauges

Å Piezoelectric

ï Position
Å IR sensors

Å Data Gloves

Å Motion Capture

Å Gestures

Å Facial expressions

Å Force Feedback
ï Tactile

Å Pressure Displays

Å Custom Stuff
- ?
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X

Y

Z

Roll

Yaw

Pitch

Input from Common Devices
Å Most of 6 pieces of information from figure 

can be provided through any one of the 
following
ï Mouse, Keyboard, Joystick etc.

ï Often a combination is used for convenience 
sake

Å However, the following concerns arise
ï Non intuitive

ï Need for mapping
Å F.e. from a click on the screen which provides 

only (x,y) of device coordinates to the virtual 
object

ï True 3D data not available

ï What about velocity, acceleration, force etc. ?

Å Access data through various APIôs
ï DirectInput (http://msdn2.microsoft.com/en-

us/library/ms810471.aspx)

Å All said and done a large percentage of ñVRò 
and visualization still uses the lowly mouse, 
keyboard or joystick

6 d.of. of an object in a 3D virtual 

world, upto another 12 pieces of 

info can be tagged on 

(velocity&accln)

http://msdn2.microsoft.com/en-us/library/ms810471.aspx
http://msdn2.microsoft.com/en-us/library/ms810471.aspx
http://msdn2.microsoft.com/en-us/library/ms810471.aspx
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TrackersTrackers
ÅÅ Comes in a variety of flavors (mainly by way of operating principle)Comes in a variety of flavors (mainly by way of operating principle)

ïï OpticalOptical

ïï InertialInertial

ïï MagneticMagnetic

ïï MechanicalMechanical

ïï UltrasonicUltrasonic

ïï RFRF

ÅÅ Provides all information 6 (d.o.f) for a virtual objectProvides all information 6 (d.o.f) for a virtual object

ÅÅ Other 12 can also be easily extractedOther 12 can also be easily extracted

ÅÅ More intuitive to use than generic devicesMore intuitive to use than generic devices

ÅÅ What to look for when choosing/buying one?What to look for when choosing/buying one?
ï Degrees of freedom

ï Resolution (Minimum sensing distance)

ï Interfacing

ï Working Principle

ï Measurement rate ïReadings/sec

ï Sensing latency

ï Sensor noise and drift

ï Measurement accuracy (errors)

ï Measurement repeatability

ï Tethered or wireless

ï Work envelope
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What is it we desire ?

ÅSize
ïNeed to be non obtrusive and small

ÅSelf contained
ïPower supply and communication

ÅAccuracy
ïNot to mention precise/repeatable

ÅFast

ÅRobust
ïNo drift

ÅCheap
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Companies Dealing with Trackers

Company Magnetic Ultrasonic Optical Inertial

Ascension Flock of Birds Laser Bird 3D Bird

InterSense PCTracker IS-1200 IS-

1200/PCTracker

Polhemus Fastrak

Logitech 3D Mouse Head Tracker

MERL IR/Projector and 

Camera based
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Mechanical TrackersMechanical Trackers

Definition: A mechanical tracker consists of a serial or 

parallel kinematic structure composed of links interconnected

by sensorized joints.

Features:

VUse sensors imbedded in exoskeletons to measure position;

VHave extremely low latencies;

VAre immune to interference from magnetic fields;

VBut limit the userôs freedom of motion;

VCan be heavy, worn on the body
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Exoskeleton

structure Interface

With

computer
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Inertial TrackersInertial Trackers

Definition: Consists of a combination of three (one for each 

direction) gyroscopes and accelerometers that estimates 

orientation and position through integration.

Features:

VCheap

VSmall and non-obtrusive

VImmune to interference from magnetic fields

VNo line of sight issues

VWorn on the body

VNo large amounts of equipment to install

VHigh update rates

VCan be used to predict future movements
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Working Principle

Images courtesy, Welch and Foxlin 

Nintendo Wiiôs controller

Problems

1. The problem with integration 

and Sensor drift 

2. Even at .1% rate it adds up 

real fast and real big
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Ascension 3D Bird
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Magnetic TrackersMagnetic Trackers

Definition: A magnetic tracker is a non-contact position 

measurement device that uses a magnetic field produced

by a stationary TRANSMITTER to determine the real-time 

position of a moving RECEIVER element

VUse low-frequency magnetic fields to measure position;

VFields are produced by a fixed source;

VSize of source grows with the tracker work envelope;

VThe receiver is attached to the tracked object and 

has three perpendicular antennas;

VDistance is inferred from the voltages induced in the

antennas ïneeds calibrationé

VMetallic objects and surfaces cause trouble
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Fastrack magnetic tracker system

Stylus

Source

Receiver

Electronic interface
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Polhemus (Rutgers)
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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 mm

and <.2 degrees

Electronic unit

(2 hours battery life)
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Magnetic tracker accuracy degradation
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Ultrasonic TrackersUltrasonic Trackers
Definition: A non-contact position measurement 

device that uses an ultrasonic signal produced by a 

stationary transmitter to determine the  real-time 

position/orientation of a moving receiver.

Features

ÅUse low-frequency ultrasound to measure position

VSound produced by a fixed triangular source (speakers);

VNumber of sources grows with the tracker work envelope;

VThe receiver is triangular and attached to the  tracked 

V object and has three microphones;

VDistance is inferred from the sound time of flight;

VSensitive to air temperature and other noise sources;

VRequires ñdirect line of sightò;

VSlower than magnetic trackers (max 50 updates/sec). 
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Large-volume ultrasonic tracker (Logitech)
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Optical TrackersOptical Trackers

Definition: A non-contact position measurement 

device that uses optical sensing to determine the 

real-time position/orientation of an object
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Optical trackers: a) outside-looking-in; b) inside-looking-out
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InsideInside--out optical tracker advantagesout optical tracker advantages

VThe best accuracy is close to the 

work envelope. 

VVery large tracking surface and 

resistance  to visual occlusions 

(line of sight).
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Outside-looking-in 

LaserBIRD optical tracker
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Inside-looking-out 

LaserBIRD optical tracker


