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Kaufmann Human Sensory Perception 

ÅVision      ~ 70%  

ÅHearing      ~ 20%  

ÅSmelling     ~ 5%  

ÅTasting      ~ 4%  

ÅTouch/haptic perception  ~ 1%  

 
Lƴ α¢ƘŜ /ƛƴŜƳŀ ƻŦ ǘƘŜ CǳǘǳǊŜέΣ aƻǊǘƻƴ Heilig, 1955, p. 247 
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Kaufmann Display Hardware 

ÅVisual Displays 

ÅAuditory Displays 

ÅOlfactory Displays 

Åα¢ŀǎǘŜ 5ƛǎǇƭŀȅά 

ÅHaptic & Tactile Displays 
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Kaufmann 

Immersion 

άǎǳǎǇŜƴǎŜ ƻŦ ŘƛǎōŜƭƛŜŦέ 
Suspension of disbelief is a willingness of a reader or viewer to suspend his or her critical 

faculties to the extent of ignoring minor inconsistencies so as to enjoy a work of fiction.  

 

Å Immersion into a convincing simulation of 
reality 

ÅPresentation of the artificial reality is done 
by stimulating human senses 

ÅStimulation through Output Devices  
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Kaufmann Classification by Immersion 

ÅDesktop Virtual Reality 
ïҐ ά²ƛƴŘƻǿ ƻƴ ²ƻǊƭŘέ ǎȅǎǘŜƳ 
ïConventional screen + 3D graphics 

ÅFishtank Virtual Reality 
ïTracking 
ïStereo (shutter glasses) 

ÅSemi-immersive 
ïCAVE, Workbench, large stereo screens 

ÅFull Immersion 
ïHMD, BOOM, VRD 
ïoptions: audio, haptic interface 
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Kaufmann Visual Display Characteristics 

ÅField of View (FOV), Field of Regard 

ïHuman FOV ~200° 

ÅSpatial Resolution (dpi) 

ÅScreen Geometry (rect., hemisphericalΧύ 

ÅLight Transfer Mechanism 

ïFront/back projection, direct laser->retina 

ÅRefresh Rate (Hz) 

ÅErgonomics 
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Kaufmann 

ÅMonocular static cues 

ïRelative size 

ïHeight relative to the horizon 

ïOcclusion (strongest) 

ïLinear perspective 

ïShadows 

ïLightning & Aerial perspective 

ÅBluish and hazy -> further away 

ïTexture gradient 

ÅMore texture detail -> closer 

Depth Cues: How to see in 3D (1) 
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Kaufmann Depth Cues: How to see in 3D (2) 

ÅOculomotor Cues 

ïDerived from muscular tension 

ïAccommodation: Change of eye focal length 

ïConvergence: eyes looking inwards 
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Kaufmann Depth Cues: How to see in 3D (3) 

ÅMotion parallax 

ïCloser objects move faster 

ïVery strong cue (esp. for far objects) 

ÅBinocular Disparity/Parallax 

ïάǎƘƛŦǘέ ƛƴ ƭŜŦǘκǊƛƎƘǘ ƛƳŀƎŜǎ  

ÅProblem with stereo 
displays: Cue mismatch 
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Kaufmann 3D (stereo) viewing - Historical 

Å1838 ς Wheatstone stereoscope 



Stereo Principles: 
Active vs. Passive Stereo 

ÅActive stereo:  
active switching  
e.g. shutter glasses 

ÅPassive stereo:  
e.g. anaglyph stereo 
(red/blue), polarized 
filters, infinitec  
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Kaufmann Active Stereo: Shuttering 

 

Shutter Glasses 
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Kaufmann LCD Shutter Glasses 

ÅMonitors with high 
refresh rate 
(>100Hz) 

Åshow stereo image 
pairs sequentially 

Åmonitor and eye 
glass are 
synchronized 

ÅŜǾŜǊȅ ŜȅŜ ǎŜŜǎ άƛǘǎέ 
image 
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Kaufmann LCDs with High Refresh Rates  

ÅI.e. Samsung Synchmaster 2233RZ 

ï120Hz  -> 60Hz shutter 

ÅNvidia GeForce 3D Vision glasses 
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Kaufmann Stereo Monitor - Advantages 

ÅLeast expensive in terms of additional 
hardware over other output devices 

ÅAllows usage of many input devices 

ÅGood resolution 

ÅUser can take advantage of keyboard and 
mouse 
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Kaufmann Stereo Monitor - Disadvantages 

ÅNot very immersive 

ÅUsers cannot move around freely 

ÅDoes not take advantage of peripheral vision 

ÅGhosting 

ÅOcclusions can avoid IR contact between 
emitter ς glasses -> no shuttering 
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Kaufmann Passive Stereo: Polarization 

ÅtƻƭŀǊƛȊŀǘƛƻƴ ŦƛƭǘŜǊǎ ŎǊŜŀǘŜ αŘƛŦŦŜǊŜƴǘά ƛƳŀƎŜǎ ŦƻǊ 
left and right eye 

ÅLight is an electro-magnetic wave with 

ïAmplitude (intensity) 

ïWave-length (color: visible light:  
380nm ς 750nm) 

ïPhase 
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Kaufmann Polarization 

ÅUse two projectors 
ïLeft: vertical filter in front of the lens 

ïRight: horizontal filter in front of the lens 

ÅWear glasses with polarization filters 
ïLeft eye: vertical 

ïRight eye: horizontal 



Hannes  

Kaufmann 

 



Hannes  

Kaufmann Polarization glasses 

ÅVery cheap, paper + plastic foil 

ÅTrick: use +/-45° -> no wrong side wearing 

Polarization plane +/-45° 
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Kaufmann Polarization 

ÅLinear polarization 

ï/ŀƴΩǘ ǘƛƭǘ ƘŜŀŘ 

ïLittle ghosting 

ÅCircular polarization 

ïMore involved physics 

ïPrinciple: counter clockwise / clockwise 

ïAllows arbitrary head orientations 

ïIn general more ghosting than linear polarization 



Wellenlängenmultiplex 
Visualisierungssysteme 

ÅInterferenzfiltertechnik (Infitec) 



Stereoscopic Displays Today - Overview 
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Kaufmann 

Head Mounted Displays 

Early prototype 
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Head Mounted Displays (HMDs) 



мфсуΥ {ǳǘƘŜǊƭŀƴŘΩǎ мǎǘ Ia5  

ÅHidden-line graphics 

ÅMechanical tracking 

Ç See-through HMD 
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Kaufmann Head Mounted Displays (HMD) 

ÅDevice has either two 
screens (CRT, LCD or 
OLED) plus special optics 
in front of the users eyes 

ÅUser cannot naturally 
see the real world 

ÅProvides a stereoscopic 
view that moves relative 
to the user 

 
Sony Glasstron: LCD display, 

Resolution: SVGA 

(832³624 pixels) 

FOV: 30 ³ 22 degrees 

Weight: 120 grams 



HMD - Stereo Principle: 3 Types 

Field Sequential Line Interleaved stereo Two oculars 

 
(need DualHead 

graphics, eg. nVidia 

GeForce, ATI, Matrox, 

SGI,é) 
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Kaufmann See-through HMDs 

Å2 Types: 

ïOptical see-through 

ïVideo see-through 

ÅUsed in Augmented Reality Applications 



On/Off-Axis Projection 

 



HMD - Examples 

http://www.stereo3d.com/ 
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Kaufmann Virtual Binoculars 

V8 Binoculars (courtesy of Virtual Research Co.) 

Active Matrix LCD display, 

Resolution: VGA 

(640x480) 

FOV: 30 degrees 

IPD: 51ï80 mm 

Weight: 680 grams 

 



ñPerceivedò and Actual Costs 

$2,900 

$10,000 

$20,000 

$500-2,000 

$600  

 

òNear Eye Immersive Display Systemsó  

? 

(Trivisio)  

$24,000 

$1,800 
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Display Technology - New Head 

Mounted Displays... 
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Emagi n HMD ( OLED di spl ays)  

eMAGIN, Inc.  

Display Technology - New Head 

Mounted Displays... 

Sony HMD (HMZ T1), Dec. 2011 

~ 800 EUR; 1280x720 OLED 

$1500 w/3DOF 

Tracking 
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Kaufmann Vuzix see-through HMD 

Å852 x 480, 23° diagonal FOV; side-by-side 3D  

ÅAdjustable right/ left eye focus 

ÅVGA control box 

Å6DOF head tracker 

ÅClip-on HD camera 
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Kaufmann Organic Light-Emitting Diodes (OLEDs) 

ÅNo backlight necessary -> very thin 

ÅVery high contrast 

ÅVery low power 

ÅShorter operating life 
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Kaufmann HMD - Properties 

ÅImage: 
ïFOV (Field of View) 

ïResolution (800x600, 1024x768, 1280x1024) 

ïFully immersive vs. see through 

ïMono vs. Stereo 

ÅErgonomics 
ïWeight & Cables 

ïHygiene 

ïRuggedness 

ÅCost  

ÅSupport (Repairing, ...) 
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HMDs - Advantages 

ÅProvides an immersive experience by blocking 
out the real world (non-see-through) 

ÅEasy to set up 

ÅDoes not restrict user from moving around in 
ǘƘŜ ǊŜŀƭ ǿƻǊƭŘ όΧŎŀōƭŜ ƭŜƴƎǘƘύ 

ÅAverage quality HMD is now affordable 

ÅCan achieve good stereo quality  
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Kaufmann HMDs - Disadvantages 

ÅLimited resolution and  field of view (FOV) 
ïDoes not take advantage of peripheral vision 

ÅNo wireless versions available yet 

ÅErgonomics: sometimes heavy, uncomfortable 

ÅNo extended use: max. 30-60min. Cybersickness (!!!) 

ÅSee-through HMDs hardly available; Cost > $5,000 

ÅNon see-through: 
ïLimited use of input devices 

ïPhysical objects require graphical representation 

ïIsolation and fear of real world events 

ÅHygiene 

 
 



Arm Mounted Display (BOOM) 

Åά.hhaέ Ґ .ƛƴƻŎǳƭŀǊ 
Omni-Oriented 
Monitor 

ÅLike a HMD but 
mounted on an 
articulated arm 

ÅMostly use CRT 
technology 

ÅMost common arm 
mounted displays 
developed by 
Fakespace 
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Kaufmann BOOM - Advantages 

ÅProvides better resolution than HMDs and 
generally a higher FOV 

ÅLight weight relative to the user 

ÅExcellent tracking with minimal lag 

ÅEasy to set up and switch users  

ÅGood stereo quality 
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Kaufmann BOOM - Disadvantages 

ÅLimited user movement 

ÅLike looking through binoculars 

ÅDoes not take advantage of peripheral vision 

ÅRequires the user to hold onto the BOOM for 
control 



Hannes  

Kaufmann Virtual Retinal Displays (VRD) 

ÅScans images directly onto 
the retina 

ÅInvented at the HIT Lab, 
Seattle, in 1991 

ÅTwo prototypes have been 
developed (portable and 
desk mounted system) 

ÅCommercially being 
developed at Microvision, 
Inc. (Video) 
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Kaufmann VRDs ς Advantages 

ÅLightweight relative to the user 

ÅAbility for high resolution and FOV 

ÅWorks under all lightning conditions 

ÅPotential for complete visual immersion 



Hannes  

Kaufmann VRDs ς Disadvantages 

ÅCurrently has low resolution and FOV is small 

ÅHas a long way to go before they become 
commercially viable and inexpensive enough 
for mainstream use 

ÅExperimental 

ÅProbably not easily accepted by end users 
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Kaufmann Projection Displays 
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Kaufmann Basic Display & Projection Technologies 

ÅVorlesung Display Technologien: 

ïDisplay Technologien: 
video.tu-clausthal.de/vorlesungen/ ipp/visu-
ws0304/flash/visu-10122003a.html 

 

ïhttp://video.tu-
clausthal.de/vorlesungen/ipp/visu-ws0304/ 
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Kaufmann Projection Technologies: CRT 
ÅCRT (Cathode Ray Tube) Projectors 

 

 

 

 

 

+ High refresh rates (>100Hz) ς stereo capable 

+ Relatively low cost 

ïLarge and heavy devices, can implode 

ïConsume a lot of energy 
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Kaufmann Projection Technologies : LCD 

ÅLiquid Crystal Display (LCD) Projectors 
 

 

 

 

 

ïIndividual grayscale LCD for each color 

ïPixel dimensions <50µm 

+ Low cost 

ïPoor contrast and black level 



Projection Technologies: DLP 

ÅDigital Light Processing 
(DLP) 

ÅFast switching of micro-
mirrors (brightness, color) 

ÅUses information of several 
frames for artifact 
compensation -> delay 

ÅHigh refresh rates possible 
(>120 Hz) 

ÅRelatively low  
costs 



CAVE (1)  

ÅHas 3 to 6 large screens 

ÅPuts user in a room for 
visual immersion 

ÅUsually driven by a 
single or group of  
powerful graphics 
engines ς nowadays PC 
cluster 

ñComputer Assisted Virtual Environmentò Ê 
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Kaufmann  CAVE (2) 
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Kaufmann  RAVE 

ñReconfigurable Automatic Virtual Environmentò 
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Kaufmann CAVE - Advantages 

ÅProvides high resolution and large FOV 

ÅUses peripheral vision 

ÅUser only needs a pair of light weight shutter glasses 
for stereo viewing 

ÅUser has freedom to move about the device 

ÅHas space to place props (cockpit etc.) 

ÅEnvironment is not evasive 

ÅReal and virtual objects can be mixed in the 
environment 

ÅA group of people can inhabit the space 
simultaneously (only tracked user sees correct stereo) 
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CAVE - Disadvantages 

ÅVery expensive (approximately 1 Million EUR) 

ÅRequires a large amount of physical space 

ÅProjector calibration must be maintained 

ÅOnly 1-2 users can be head tracked 

ÅStereo viewing can be problematic 

ÅNo direct interaction possible 

ïbƻ άǿŀƭƪƛƴƎ ŀǊƻǳƴŘέ ŀƴ ƻōƧŜŎǘ ŀǎ ǿƛǘƘ Ia5 

ÅPhysical objects can get in the way of graphical 
objects 

 



Curved Displays 

ÅCylindrical or 
hemipherical screen 

ÅRequires distortion 
correction 

ÅCommon in industry 
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Kaufmann Vision Dome 

Spherical 

Display 

VisionStation 
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Kaufmann Tiled Projector Display 
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StubeRena 

Gottfried Eibner, 2003 



Projection Walls 

ÅActive or passive stereo 

ÅMulti-projector setup 

ÅOverlap, edge blending 

ïNvidia driver support 

active 

passive 



Hannes  

Kaufmann Multi Screen Displays 

How to synchronize multiple displays? 
(1) Multiheaded Graphics 
(2) Multiple workstations: Genlock/ Framelock 

Genlock: 
Exact synchronization of 
vertical synch (electron 
beam of CRT) 
ω  Refreshes each pixel 
synchronously 

 

Framelock: 
Synchronizing frame buffer 
swap 
ω Begins redrawing at the 
same time 

 
 



Workbench / Projection Table 

ÅTechnology similar to CAVE but one 
display (two at most) 

ÅCan be a desk or a large single display 
(I.e. PowerWall) 

ÅTraditionally a table top metaphor 

Responsive Workbench, 

Holobench, Virtual Table... IR Controllers CRT Projector 

Mirror Tilting mechanism 


