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Hannes  

Kaufmann Motivation 

ÅLast week: Various VR Application Areas 

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

ÅDetailed knowledge is needed about 
ïHardware: Input Devices & Tracking, Output Devices, 

3D Graphics 

ïSoftware: High-level programm., VR frameworks 

ïHuman Factors: Usability, Evaluations,  Psychological 
CŀŎǘƻǊǎ όtŜǊŎŜǇǘƛƻƴΣΧύ 
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Kaufmann Input devices 

ÂHardware that allows the user to communicate with 
the system 

Â Input device vs. interaction technique (e.g. zoom) 

Â Single device can implement many ITs 
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Hannes  

Kaufmann 

The Interface Problem 

Input 
Device & 
Tracking 

Output 
Device 

Application 

There is not a single ideal solution for all applications! 
Examples: Elderly people (Smartphone?), CAD Engineer (Gestures?), é 

How to find a good solution: Know the possibilities! 

 

Dependencies: 
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Kaufmann Input Device Classification 

ÅDiscrete ς Continuous 

ÅDegrees of Freedom 

ÅActive ς Passive 

ÅTechnological Principle 
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Hannes  

Kaufmann 

Discrete - Continuous 

ÂDiscrete / event-based 
Â Generate one event at a time based on the user 

Â Examples: Keyboard, Pinch Glove (see picture), Buttons 

ÂContinuous / sampled 
Â Continuously generate events in isolation (passive) or in 

response (active) to user action 
Â Examples: Trackers, Datagloves 

ÂHybrids (e.g. mouse) 
ÂMiscellaneous input 
ïSpeech 

ïGestures 

ïLocomotion devices 
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Kaufmann Degrees of Freedom (DOF) 

ÅNumber of independent values/measurement 

ÅCommonly used: 

ï(2DOF -> 2D  e.g. mouse) 

ï3DOF -> position 

ï3DOF -> orientation (rotation relative to coordinate 
system axes): roll / pitch / yaw 

ï6DOF -> position + orientation 
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Kaufmann 

Active / Passive Devices 

ÅPurely active input device: 

ïRequires user interaction 

ïE.g. trackballs, sliders, dials 

ÅPassive device: 

ïGenerate data continuously 

ïNo input required 
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Kaufmann Technological Classification 

ÅClassification by Operating type 

ïArchitectural / Technological principle 

Å9ΦƎΦ aŀƎƴŜǘƛŎΣ hǇǘƛŎŀƭΣ LƴŜǊǘƛŀƭΣΧ 

ïRegardless of actual implementation 

ïHow (tracking) data is acquired 

ÅClassification by Implementation 

ïPrinciple of (tracking) data acquisition 

ïPhysical principle 

ïTypes of sensors used 
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Kaufmann Overview 
ÅDesktop Input 

ÅSymbolic Input 

ÅTracking (6DOF) 
ïCriteria 

ïTechnology 
ÅMechanical, Magnetic, Optical, Inertial, Time of Flight, Hybrid 

ÅHaptics 

ÅLocomotion 

 
For all devices: 
ÅTechnological Principle 
ÅTechnological Advantages & Disadvantages 
ÅHuman Factors Advantages & Disadvantages 
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Kaufmann Desktop Input Devices 

Used in Desktop VR: 

ÅKeyboards 

Å2D Mice and trackballs 

ÅJoysticks 

ÅPen based tablets 

Å6-DOF devices for the desktop 

ÅHaptics 
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Kaufmann Joysticks 

ÅIsotonic Joystick 
ïMovement continues until handle pushed back to 

neutral position 

ïRate control (not position control) 

ïHaptics: force-feedback 

ïEasy to use 

ÅIsometric Joystick 
ïHandle does not move 

ïOutput varies with force that is applied 

ïE.g. laptop trackpoint 
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Kaufmann Pen based tablets 

e.g. Wacom tablets 

ÅVery precise input 

ÅAbsolute input!  

Mice/Joystick: relative input 
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6-DOF Desktop Input Devices 

3Dconnexion: 
ÅSpaceMouse 
ÅSpaceBall 5000  

 
Developed for desktop 3D interaction 
ïCAD 
ïUsed additionally to mouse 
ïFine manipulation can be 

difficult 
ïNeeds time to learn usage 
ï3D experts very quick but 

needs practice 
ïNot ideal during mobile work 
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Kaufmann Haptic Input for Desktop VR 

Phantom device: 

ÅAccurate 6DOF input  

ÅMechanical Tracking 

ÅForce Feedback (limited) 

ÅRestricted Area  

ÅOnly 1-Point contact !!!  
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Kaufmann 

Other Desktop-bound Haptic Devices 

Å6-DOF Delta device ς spherical knob (Novint Falcon) 

ÅHaptic feeling for all fingers holding the knob 

ÅNot mobile 

ÅCustom made research devices 

Video 
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Kaufmann 

Symbolic Input Devices 
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Kaufmann {ȅƳōƻƭƛŎ LƴǇǳǘ ό¢ŜȄǘΣ bǳƳōŜǊǎΣΧύ ƛƴ ±w 
environments 

ÅDesign annotation 

ÅFilename entry 

ÅLabeling 

ÅPrecise object manipulation 

ÅParameter setting 

ÅCommunication between users 

ÅaŀǊƪǳǇ όƘƛƎƘƭƛƎƘǘΣ ōƻƭŘΣΧύ 
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Kaufmann Features of Symbolic Input in 3D 

Å5ŜǎƪǘƻǇ ŘŜǾƛŎŜǎ όŜΦƎΦ ƪŜȅōƻŀǊŘǎύ ǳǎǳŀƭƭȅ ŘƻƴΨǘ 
work in 3D: 
ïUsers are standing / physically moving 

ïNo surface to place a keyboard 

ïDifficult or impossible to see keys in low-light 
environments or when wearing HMD 

ÅWork-arounds possible  

ÅPositive:  
ïSymbolic input in 3D less frequent than in 2D 
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Kaufmann Symbolic Input Tasks 

ÅAlphanumeric input 

ïAlphabetic and numeric characters 

ÅEditing alphanumeric symbols 

ïSelecting & deleting characters and substrings 

ïInsert text 

ÅMarkup input 

ï9ƴƘŀƴŎŜ ǘŜȄǘΥ ƛǘŀƭƛŎǎΣ ōƻƭŘΣ Χ 

ï{ǇŜŎƛŦȅ ŦƻƴǘΣ ŎƻƭƻǊΣΧΦΦ 

ïLeast studied and least important 
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Kaufmann 
Symbolic Input:  
Keyboard Based Techniques 

ÅMiniature keyboards 

ÅLow key-count keyboards  

ïe.g. mobile phone SMS; T9 system 

ÅChord keyboards (e.g. Twiddler) 

ïTraining required 

ÅPinch keyboard 

ïBased on pinch glove 

ÅSoft keyboards 
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Kaufmann Pen Based 

ÅPen-Stroke Gesture Recognition 

ïPDA Graffiti Alphabet 

ïCirrin soft keyboard 

ÅPen Input (Digital Ink) 

ïRecognition of handwriting 
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Kaufmann Gesture-based Techniques 

ÅEither by using gloves or computer vision  
ïDifficulties 
ÅGlove calibration 
ÅGesture recognition 

ïToday more and more vision based 

3 Types: 
ÅSign language gestures 
ÅNumeric gestures 
ïUse of fingers represent number 
ÅBoth hands can be used 

ïNo application of this technique known 

ÅInstantenous gestures 
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Kaufmann Sign Language Gestures 

ÅGlove based 
ïMust be trained 
ïOnly small percentage 

of population know sign  
language 

 
ÅVision based 
ïDifficult  

in real time 
ïOcclusions 
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Kaufmann Speech Input 

ÂComplementary to other  
modes of interaction 

Â Ideal for multi-modal interaction 

Â Issues to consider 

ïcontinuous vs. one-time recognition 

ïchoice and placement of microphone 

ïtraining vs. no training (= speaker independent) 

ïhandling of false positive recognition 

ïsurrounding noise interference 

ú50,- 

25 



Hannes  

Kaufmann Speech Input - Hardware 

ÅHeadset: wired or wireless 

ïUsually Bluetooth communication for 
mobile use 
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Hannes  

Kaufmann 

Tracking 
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Kaufmann 

Tracking systems 

ÂMeasure position and/or orientation of a 
sensor 

ï6 degrees of freedom in space 

ÂMost VEs track the head and the hand 

ïCorrect viewing perspective 

ïInteraction  
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Kaufmann Quality factors / Criteria 

Å Degrees of freedom (3D pos.+orientation Ą 6DOF) 

Å Range or working volume 

Å Accuracy 

ïStatic 

ïDynamic 

Å Time for measurement  - ǇƘŀǎŜ ƭŀƎΣ άwŜŀƭ-ǘƛƳŜέ 

Å Update rate (measures/sec) 

Å Signal to noise ratio 

Å Registration 

Å Sociability (Tracking should not hinder freedom) 
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Kaufmann Range, Working Volume 

ÅAmount of space, where tracker works 

ÅRange: 

ïDistance from sensors 

ïFOV of camera 

ÅWorking volume: 

ïVolume resulting from ranges 

ÅTime until stability degenerates 

ïE.g. Drifting of inertial trackers 
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Kaufmann Static & Dynamic Accuracy 

Static Accuracy: Maximum deviation from fixed tracker 
position to fixed reference value 

Å Influenced by: 
ï Receiver sensitivity, Transmitter s/n ratio, A/D converter 

resolution, Analog component noise tolerance levels, 
Environmental effects, Algorithmic errors, Installation errors 

 

Dynamic Accuracy: Accuracy as sensor is moved 

Å Dependent on static accuracy 

Å Influenced by: 
ï Processor type, System architecture, Time dependent system 

components 
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Kaufmann 
Tracking System: Generic Architecture 

(Latency, Lag, Update Rate) 
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Kaufmann Latency & Update Rate 

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

Å Aspects: 
ï Hardware limitations 
ï¢ƛƳŜ ǘƻ ǎŜƴǎŜ ŎƘŀƴƎŜ ƛƴ ǊŜŎƛŜǾŜǊΩǎ Ǉƻǎƛǘƛƻƴ 

Å Example - optical tracking: Time to capture image 
Update Rate:  Trackers ability to output position and 

orientation data 
Å Influenced by: 
ï System processor 
ï Algorithm 

Å Example: Time to process image & extract data 
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Kaufmann Phase Lag 

ÅLatency + update rate 

ÅFast motions - tracker cannot keep track 

ÅContributors: 

ïArchitecture 

ïProcessor type 

ïAlgorithm 

Å Improving one of these can reduce lag 
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Kaufmann Visually coupled System ς 
 Still Interactive? 

Å Tracker: phase lag 
Å Application: time to process tracking data 

Å Time for rendering 

Å Interactivity: 15-20 fps 
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Kaufmann Registration (esp. for AR) 

ÅCorrespondence: 

ïActual position / orientation =  
Reported position / orientation 

ÅGood accuracy/resolution - does not imply 
good registration 

Å Important for more than one sensor 

Å Important usabilty factor ς can cause bad 
side effects (Cybersickness) 
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Kaufmann Effects of Inaccurate Tracking 

Å Objects appear where they are not 

Å Proprioceptive conflicts 

ïStatic: limb location conflicts 

ïDynamic: visual delay (lag) 

ïLimb jitter or oscillation 

Å Misregistration 

ïConstant OK (immersive, non see-through) 

ïChanging can hurt 

Å User forced to adapt 

Å Simulator sickness (Cybersickness) 
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Kaufmann 

Sociability 
Å Can it be used by multiple users? 

Å Is interaction possible then? 

Å Restrictions by: 

ïhǇŜǊŀǘƛƴƎ ǇǊƛƴŎƛǇƭŜ όƴǳƳōŜǊ ƻŦ ǎŜƴǎƻǊǎΣ ƻŎŎƭǳǎƛƻƴǎΣΧύ 

ïWeight 

ïSize 

ïPhase lag 

ïWires 

ï ... 
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Kaufmann Classification by Operation Principle 

Å Mechanial 
Å Magnetic (AC/DC/passive) 
Å Optical 
ïMarker based 
ïNatural feature; Vision (Gestures) 
ïMotion capture 

Å Inertial (gravity, acceleration) 
Å Time-of-Flight & Frequency Measuring 
ï (Radio Waves) GPS ... 
ï (Sound waves) Acoustic 

Å Hybrids (combination of multiple) 

39 



Hannes  

Kaufmann Structure ς Tracking Hardware 

 

ÅTechnological Principle 

ÅTechnological Advantages & Disadvantages 

ÅHuman Factors Advantages & Disadvantages 

ÅExamples 
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Kaufmann Mechanical Tracking 
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Kaufmann Mechanical Tracking 

ÂOldest tracking technology 

ÂMeasure angle of human joints 

ÂPotentiometers for angular measurements 

ÂPosition reconstructed using kinematics  
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Kaufmann Mechanical Tracking 

Â Advantages 

ïTechnology well known 

ïTracks multiple users in real-time 

ÂDisadvantages 

ïGround-referenced 
ÅLimited working volume 

ïUncomfortable 

ïExoskeleton  
Åaffects movement 

ÅNeed to adjust per person, can be ill-fitting 

ÅNo global movement tracking 
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Kaufmann Mechanical 
Å Pros 

ïHigh precision 

ïVery fast 

ïHigh S/N 

Å Cons 

ï Infrastructure 

ïCompounded 
measurement error 

ïRestricted working 
volume 

ïRestricted motion 

ïNot very sociable 



Fakespace 

Shooting Star 
Technologies 
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Kaufmann CyberForce 

Å Immersion Corp. Products: 

ïCyberGlove 

ïCyberTouch 

ïCyberGrasp 

ïCyberForce 

Å6DOF tracking 

ÅMost natural interface - the human hand 

ÅUsability problem 
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Kaufmann Magnetic Tracking 

ÅCirculating electric current in coil -> magnetic field is 
generated 

ÅAt distance r, the field has polar  
coordinates B0 and Br 

 

 

 

ÅMagnetic flux is created in reciever (magnetic field sensor) 

ÅMagnetic flux: Function of distance and orientation relative to 
coil 

ÅTo measure position and orientation of reciever in space, 
emitters consist of 3 orthogonal coils and recievers of 3 
sensors -> combination of three elementary orthogonal 
directions 47 
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Kaufmann 

Magnetic Tracking  -  
Alternating Current (AC) 

Å Transmitter: electromagenetic dipoles -> AC field 

Å Receiver: induced voltage measured 

Å Voltage dependent on: 

ïDistance transmitter <-> receiver  --> position 

ïOrientation of coils in magnetic fields --> orientation 
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Kaufmann DC Magnetic - Overview 

Å Similar operation to AC 

Å Short DC pulses vs. contin. AC 

Å Transmitter 
ï3 orthogonal coils, cubic core 

ïMounted rigidly to reference structure 

ïDriven sequentially 

Å Receiver 
ï3 orthogonal coils, cubic core 

ïAdditional energizing coil 

ïAll 3 measures concurrent 

Å 4 phase measurement (4.: earth  
magn. Field ς subtract out) 
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Kaufmann Magnetic: Advantages 

ÅNo line of sight restrictions ς continuous data 

ÅSmall/lightweight sensors 

ÅWireless versions available 

ÅOff the shelf available, robust 

ÅHigh update rate (200 Hz or more) 

ÅPrice depends on tracking range ς can be 
relatively inexpensive 

50 



Hannes  

Kaufmann 
Magnetic: Disadvantages 

ÅExternal noise 

ï!ǘ ƳŜǘŀƭΣ ǇƻǿŜǊ ǿƛǊŜǎΣΧ 

ïUnwanted eddy currents  
(Field distortions) 
Åconductive material will distort  

the magnetic field (monitors) 

ÅField strength ~ 1/d^3 

ïJitter at boundaries (Filtering increases phase lag) 

ïCannot increase electromagnetic field strength -> might 
have consequences on humans 

ÅNot the best accuracy 

ÅLimited working volume (max. 3-5m radius) 
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Kaufmann AC Magnetic Products 

ÅPolhemus (Fasttrak, InsideTrak,  
LongRanger ...) 

Longranger: 
sphere ~ 50 cm 

with orthogonal coils 

52 



Hannes  

Kaufmann DC Magnetic  - Ascension 
MotionStar 

MiniBird 

Flock of birds 

PciBird 

Video of our former VR lab 
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Kaufmann 
AC/DC Magnetic  - Specifications 

Model Latency
Max. # of 

sensor 
Range Accuracy Costs

Flock 20 ms 30 ~ 1 m 0,25 cm; 0,5 degree ú 3.000

Flock 10 20 ms 30 ~ 3 m 3 cm; 1 degree ú 8.000

MotionStar 20 ms 120 ~ 3 m 3 cm; 1 degree

ú 

33.000

MotionStar 

Wireless 20 ms 18 ~ 3 m 3 cm; 3 degree

ú 

64.000

Model Latency
Max. # of 

sensor 
Range Accuracy Costs

FastTrak 4 ms 4 ~ 3 m 2mm, 0,15 degree ú 7.000

IsoTrak 20 ms 2 ~ 1,5 m 0,25 cm; 0,75 degree ú 3.500

LongRanger 4 ~ 10 m

InsideTrak 12 ms 2 ~ 1,5 m 1,25 cm; 2 degrees ú 1.200

UltraTrak Pro 6 ms 32 4,5 m 2,5 ï 7,5 cm, 3 deg.ú 75.000

All latency times without filtering 

AC 

DC 
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Magnetic: MotionStar 

ÅWireless Magnetic Tracking 
System 

ÅUp to 20 sensors 

Ą Motion Capturing 

ÅMore 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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Kaufmann Razer Hydra 

ÅLow cost PC controller 

Å6 DOF magnetic tracking 

Å1 mm, 1 deg accuracy 

ÅRange ~ 1.5 m from base 

ÅLow latency, no line of sight 

ÅDistortions from metallic objects 
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Kaufmann Passive Magnetic 

Å Devices 
ïCompass (magnetometer) 

Å Measure 
ïEarth's magnetic field 
ïHeading only (2DOF) 

Å Pros: 
ïNo infrastructure, Available outdoors, Absolute reference 

Å Cons 
ïAffected by 
ÅOther ferrous and magnetic materials 
ÅActive magnetic sources 

ïLimited information (2D orientation only) 
ïField is very tilted in significant parts of the world 
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Kaufmann 

STOPPED HERE 18.10.2011 
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Kaufmann Optical Tracking 
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Kaufmann 
Vision Trackers 

Types 

ïFiducials 
ÅARToolkit  

ïVideo1: Magic Book 

ïVideo2: Cockpit Layout 

ïVideo3: Invisible Train 

ÅARTag 

ÅIntersense 

ïMarkers/LEDs 
ÅART, Vicon, iotrackerΧ 

ÅHi-Ball 

ïNatural features 
ÅVarious research projects 
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