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Lecture Outline 

ÅIntroduction to augmented reality (AR) 

ïPrinciples, hardware 

ïApplications 

ïProblems 
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Augmented Reality 

ÅOverlays real world image with computer 

generated images 

ÅRuns interactively in real time 

ÅRegistered in 3D 

Real 

Environment 
Virtual 

Environment 

Augmented 

Reality 
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Virtuality 
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Spatial Augmented Reality 

ÅSometimes called spatial augmented reality 

with projector(s). 

Projector 

Watcher 

3D object 
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Principles of AR 
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Retinal Display 
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Retinal Display Example 

Microvision, Inc. 
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Optical See-Through AR 
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Optical See Through HMD 

ÅHead-mounted displays 

ïexpensive 

ïlow resolution 
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Optical See-Through Examples 

Year 2001 
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Video See-Through Head Mounted Display 
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Video-See Through HMD: Examples 

Custom HMD by Andrei State 

(camera mounted above eyes) 

AR Vision 3D HMD commercial) 

(camera mounted over the eyes) 

Custom HMD by Steve Mann 

(camera mounted alongside 

the eyes) 
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Video See Through VERSUS Optical See Through 

Video Optical 
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Video See Through VERSUS Optical See Through 

ÅOptical based 

ïOptical blending 

simpler 

ïSafety (power failure) 

ïNo reduction of 

resolution (real world) 

ïNo eye offset 

ïOnly one pair of 

images is generated 

 

ÅVideo based 

ïEasier to match 

brightness 

ïWide field of view 

displays are easier to 

build 

ïReal and virtual view 

delays can be matched 
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Hand-held Displays ï Video See Through 

ÅCombining 

processor, 

memory, 

camera, and 

display (PDA, 

modern cell 

phones). 

ÅVideo-see 

through is 

preferred 

concept 
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Hand-held displays using optical see 

through concept 
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Screen-based video see-through 

ÅCapturing real 

world by camera, 

the result on the 

screen 

ÅReal object can be 

moved 

ÅAdditional 

information is 

displayed on the 

screen 
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Future ï googles concept 

ÅSmall wearable glasses with semi-

transparent display 

ÅPerfect tracking and registration 

ÅSmall power requirements 

ÅBattery in glasses 

ÅProcessor in glasses (or in some 

PDA/mobile phone) 
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Collaborative Mixed Reality 

ÅMaintaining eye contact, increased feeling of 

intimacy, and co-presence during collaboration 

Clearboard seamless 

interface 

MIT Media Laboratory 

Spinnstube: Optical see through system 

available at the Czech Technical University 

(VRLAB) 
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SpinnstubeÈ properties 

ÅDevelopment of a new 
AR system 

ÅStudent can interact 
with teaching material 

ÅProjector-based, gives 
high-contrast images  

ÅMoveable 

ÅScaleable  

ÅAdjustable (height, 
position, mirrors )  
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Spinnstube: single setup 
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Spinnstube Components 

ÅTilted optical mirror made of metal 

ÅProjection screen 

ÅTransparent screen 

ÅStereoscopic DLP projector from DepthQ (120Hz) 

ÅStereo glasses (wired or wireless) 

ÅPersonal computer with stereo capable GPU (quad 

buffer) 

ÅCameras for objects tracking 

ÅIR cameras for position tracking 
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Spinnstube: visualization of 

collaborative setup 
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Spinnstube Setup: Photographs 
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Spinnstube in Life 

ÅAvailable since February 2007 
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Spinnstube photographs contôd  

ÅGroups can be formed 

by multiple instancies 

Å Adjustable to room 

size 

ÅLow-cost 

Vlastimil Havran 

Spinnstube Testing Applications  

ÅFirst Scenario ï Biology 

ÅSecond Scenario ï Chemistry 

ÅThird Scenario ï Distributed 3D Modeling 
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First Scenario - Biology 
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Second Scenario - Chemistry 
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Third Scenario ï Distributed 3D Modeling 
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Spinnstube + Software Myslbek 

Å3D table blackboard ï sculpting and painting in 3D, 

editing and creation of new objects 

Wii controller (Nintendo console) Lightpen  

Vlastimil Havran 

Interaction devices 
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Tracking of Markers 

Marker concept: Kato, H.,  

Billinghurst, M.  (1999):  

Marker Tracking and  HMD  

Calibration for a video- 

based Augmented Reality  

Conferencing System.   
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VIDEOS from the ARiSE project 
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Why is AR useful ? 

ÅAR enhances user interactions with the real 

world 

ïIntelligence Amplification ï using the computer as 

a tool to make task easier for human to perform 

[Brooks96] 

ÅVirtual objects can make information not 

directly detectable by human senses visible 

ïthis information helps a user to perform real world 

task 
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Some AR Applications 

ÅMedical visualization ï visualization and training aid 
for surgery 

ÅManufacturing and repair ï superimposed 3D 
(animated) drawings instead of complicated 
manuals 

ÅAnnotation and visualization ï e.g. show where the 
pipes and electric lines are inside the wall 

ÅRobot path planning 

ÅEntertainment ï real time broadcasting (e.g. real 
time annotations of race cars) 

ÅMilitary navigation and targeting 
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Medical Visualization 

AR supports surgical 

planning and real surgery 
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Medarpa System installed in 

operating room in Frankfurt 

Courtesy of www.medarpa.de 
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Varioscope AR: A head-mounted operating 

miscroscope using augmented reality 

Courtesy of Wolfgang Birkfellner 

& Liveoptics, Vienna 
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Computer Tomography + AR 

Courtesy of BrainLAB 
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The Touring Machine 

ÅA mobile AR system, Columbia University, 

2001 


