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1 Course Title

Projectors for Graphics
2 Category

Hardware – display technologies
3 Course Organizer

Oliver Bimber

Bauhaus University, Bauhausstr. 11, 99423 Weimar, Germany

Ramesh Raskar

MERL - Mitsubishi Electric Research Labs, 201 Broadway, Cambridge, MA 02139, USA

4 Proposed Length

Half Day

5 Proposed Presentation Venue

Regular session room 
6 Summary Statement

Provides a survey of latest computer graphics techniques based on projectors. It covers topics in displays and augmented reality as well as emerging ideas in pocket projectors, optical communication and computational illumination for scene modeling. Participants learn about variety of real world applications in entertainment, art and industry.
7 Course Abstract

Modern digital projectors are a central part of large-format displays, non-intrusive augmented reality systems and computational illumination for 3D image-based modeling. High speed and high framerate projectors also support intriguing applications in optical communication. With a pocketsize form factor, projectors will be widely used for mobile applications. We survey this rapidly evolving landscape and the growing interest in experimenting with projectors. A novel class of applications is emerging, involving illumination+capture of complex 3D shapes as well as dynamic interaction via projection on movable surfaces. We provide a detailed survey of the several approaches for combining real-time computer graphics and computer vision methods for single and multi-projector systems. We cover topics in immersive rendering, projective geometry, reflectance field capture and spatial augmented reality. In addition, we will give practical insights, implementation details and case-studies for a variety of applications in research, art and industry.

8 Prerequisites

This course is appropriate for beginners in digital art and media. No programming or specific mathematical background is required. General knowledge of basic computer graphics techniques and 3D tools is helpful but not necessary.

9 Level of Difficulty

Beginner to Intermediate Level (3 out of 10)

10 Intended Audience

Practitioners and designers of projector-based systems along with programmers and artists working on interactive applications, image-based 3D modeling and HCI methods will learn about modern hardware and software techniques with several case studies.

Course Syllabus

A.   Course Introduction and Overview (Bimber and Raskar, 10 minutes)

· Goals, Outline, Speakers, Schedule, Opportunities

B.   Large Format Displays  (Majumder, 40 minutes)
· Overview and New opportunities

· Planar, cylindrical, spherical and non-planar displays
· Geometric and color calibration

· Rendering strategies
· Distributed self-calibrating displays

B.   Visually Augmenting 3D World (Bimber, 50 minutes)
The display and interaction components in Spatial Augmentation involved complex geometric relationships. This module describes the fundamental concepts. The corresponding code is made available in the notes.
· Current Augmented Reality Displays

· Head-mounted, eye-worn, hand-held displays

· Spatial projection, hand-held and head-mounted projectors

· Illuminating objects and complex shapes: image warping and registration

· Virtual reflectance and illumination by changing surface appearance of real objects

· Integrating Interactive Graphics with optical holograms, transparent screens, smoke and transformed air

Questions and Answers (All, 5 minutes)

Break (15 minutes)

C.   Mobile Projectors and Optical Communication (Raskar, 45 minutes)
Pocket projectors allow novel human-computer interaction opportunities. Spatio-temporal modulation of light creates high speed optical communication which can be used in many imperceptible tracking applications.

· Portable projectors, technology and issues
· Single-handed interaction, Image stabilization and resizing
· iLamps: Geometrically aware pocket projectors 



· Optical and Radio Frequency Tags

· RFID for Augmented Reality: Location sensing RFID and automatic authoring

· Optical communication for space labeling in robotics, games
· High speed motion capture

D. Computational Illumination for 3D Scene Modeling (Lensch, 45 minutes) 
The appearance of real world objects can be represented via a high-dimensional reflectance field. Spatio-temporal modulation of projector make them suitable for computational illumination to model such objects for rendering and computer vision applications.
· Scene appearance as higher dimensional reflectance fields

· Pattern projection for 3D geometry acquisition

· Measuring appearance parameters
· Capturing (and removing) global versus local illumination effects

  Questions and Answers (All, 15 minutes)

11 Subtitles of Course Sections

	A
	Course Introduction and Overview
	

	B
	Large Format Displays
	(Majumder, 40 minutes)

	C
	Visually Augmenting 3D World
	(Bimber, 50 minutes)

	
	Q&A
	(All, 5 minutes)

	
	Break
	

	D
	Mobility and Optical Communication
	(Raskar, 45 minutes)

	E
	Projector-based Illumination for 3D Scene Modeling
	(Lensch, 45 minutes)

	
	Q&A
	(All, 15 minutes)


12 Extant Materials

We will make some of the pseudo-code and construction drawings available as part of the course notes. The course notes will include a chart of different display systems, describing various design choices, rendering techniques as well as benefits and limitations. This will act as a guide for interested researchers, programmers and artists who are experimenting with new augmented reality systems in their own universities, labs or installations.

Clearly, 3.5 hours are not sufficient to teach many of the exciting new ideas that have emerged in the last three or four years. However, as with any course with mathematical and technical details, we think it will be useful to present the ideas with diagrams and high level concepts in the regular session and include more details in the notes and on the website. The participants can then work through the calibration, rendering and interaction techniques for their own problems and applications. The course notes can be complemented with speakers book on ‘Practical Multi-Projector Display Design’ (2008) and ‘Spatial Augmented Reality: Merging Real and Virtual Worlds’ (2005).
On the course website, we will publish sample software code, videos and make available updated slides.

13 Course History

This is the first time such a course is being offered and it is the first time the seemingly diverse but well-connected topics are being presented in a compact form. The speakers are frequent Siggraph/Eurographics/CVPR contributors. Their courses have been traditionally limited to specific areas. Those courses have received excellent attendee feedback.
14 Course Notes Description

The course notes will include 

· Written course notes (see course webpage http://www.spatial-ar.com for example)

· Presenter statements

· Slides (see course webpage)

· Relevant papers

· Reference list

· Pseudo-code

· Construction drawings

· Interface diagrams

· Chart describing design issues, rendering and calibration techniques, benefits and limitations

· User-studies 

· Video material online

15 Special Notes Requirements

None

16 Special Presentation Requirements

None

17 Course Presenters’ Information

Oliver Bimber

Media Faculty

Bauhaus University,  Bauhausstr. 11, 99423 Weimar, Germany

T +49-3643-583724, F +49-3643-583709

Email: bimber@uni-weimar.de

http://www.uni-weimar.de/medien/AR

Oliver Bimber is currently a Junior Professor for Augmented Reality at the Bauhaus University Weimar, Germany. He serves on the editorial board of the IEEE Computer magazine (graphics and multimedia editor). Bimber invented several AR displays, such as the Virtual Showcase, Interactive Holograms and Augmented Paintings. He published in several journals, such as IEEE Computer, IEEE CG&A, Presence, Computers and Graphics, and at many graphics, AR and VR conferences. Bimber is member of IEEE, Eurographics, ACM and ACM Siggraph. He has exhibited in the Emerging Technology Laboratory of Siggraph’02 and Siggraph’05 and was a speaker in the Siggraph’02 course “Building Interactive Workspaces”. Together with Ramesh Raskar, Bimber organized the courses on Spatial Augmented Reality at Eurographics 2003, 2004 and Siggraph 2005-2007.
Hendrik P. A. Lensch

MPI Informatik

Campus E 1.4

66123 Saarbruecken

Germany

phone: +49 681 9325 428

fax:       +49 681 9325 499

E-Mail: lensch@mpi-inf.mpg.de

Web:    http://www.mpi-inf.mpg.de/~lensch
Hendrik P. A. Lensch is the head of an independent research group "General Appearance Acquisition and Computational Photography" at the MPI Informatik in Saarbr\"ucken, Germany. The group is part of the Max Planck Center for Visual Computing and Communication.  He received his diploma in computers science from the University of Erlangen in 1999, and after joining the computer graphics group at MPI he received his PhD from Saarland University in 2003. Dr. Lensch spent two years (2004-2006) as a visiting assistant professor at Stanford University, USA.  His research interests include 3D appearance acquisition, image-based rendering and computational photography. For his work on reflectance measurement he received the Eurographics Young Researcher Award 2005. He was awarded an Emmy Noether Fellowship by the German Research Foundation in 2007. He has given several lectures and tutorials at various conferences including SIGGRAPH courses on realistic materials in 2002 and 2005.
Aditi Majumder

Assistant Professor

University of California, Irvine

Department of Computer Science

3029 Bren Hall, Irvine, CA 92697-3435

T +1 (949) 824-8877
F +1 (949) 824-4056
E-Mail: majumder@ics.uci.edu, 

Web: http://www.ics.uci.edu/~majumder/
Aditi Majumder is an assistant professor at the Department of Computer Science in University of California, Irvine. She received her BE in Computer Science and Engineering from Jadavpur University, Calcutta, India in 1996 and PhD from Department of Computer Science, University of North Carolina at Chapel Hill in 2003. Her research is in the general area of computer graphics, vision and visualization. Her primary research contribution has been on using computer vision methodologies for easy and automatic assembly of commodity projector(s) and camera(s) to build large tiled multi-projector displays, exploiting human perception limitations for making them perceptually and functionally seamless. and devising human computer interaction modalities for such displays.She is the author of the recent book "Practical Multi-Projector Display Design" released by A.K.Peters in 2007.
Ramesh Raskar

Senior Research Scientist

MERL - Mitsubishi Electric Research Lab

201 Broadway

Cambridge, MA 02139

T +1.617.621.7533

F +1.617.621.7550

Email: raskar@merl.com, http://www.merl.com/people/raskar/

Ramesh Raskar is a Senior Research Scientist at MERL-Cambridge Research. His research interests include projector-based graphics, projective geometry and non-photorealistic rendering. During his doctoral research at U. of North Carolina at Chapel Hill, he developed a framework for projector based 3D graphics, which can simplify the constraints on conventional immersive displays, and enable new projector-assisted applications. He has published several articles on immersive projector-based displays, spatially augmented reality and has introduced Shader Lamps, a new approach for projector-based augmentation. His technical papers have appeared in SIGGRAPH, EuroGraphics, IEEE VR, IEEE Visualization, CVPR and many other graphics and vision conferences. He was a course organizer and speaker for Siggraph 2002 through 2006. He is a member of the ACM and IEEE.

18 Organizer Contact Information

Oliver Bimber

Media Faculty

Bauhaus University

Bauhausstr. 11

99423 Weimar, Germany

Phone: (Office) 
 +49-3643-583724



(Fax)       +49-3643-583709

Email: oliver.bimber@medien.uni-weimar.de

Web  : http://www.uni-weimar.de/medien/AR

Ramesh Raskar

MERL - Mitsubishi Electric Research Lab

201 Broadway

Cambridge, MA 02139, USA

Email: raskar@merl.com

Web  : http://www.merl.com/people/raskar/    

Phone: (Office) 
+1-617-621-7533

            (Cell)
+1-617-953-9799

            (Secretary)+1-617-621-7511

Please see the additional documents in ‘Sample Course Notes’

(i) Course notes (sample pages, more at http://spatial-AR.com )

(ii) Sample slides

(iii) Sample source code

(iv) Sample bibliography

(v) Recommendation letter from Eurographics’03 courses chair

(vi) Feedback from attendees of EG’03 course

(vii) Feedback from attendees of EG’04 course

(viii) Review of Siggraph 2005 course proposal, scores and reviewer comments

(ix) Review of Siggraph 2006 course proposal, scores and reviewer comments

(x) Sample papers of presenters. 

Here are links to works of the presenters.

Oliver Bimber : http://www.uni-weimar.de/medien/AR
Ramesh Raskar : http://www.merl.com/people/raskar/raskar.html
Masahiko Inami: http://inami.info/
Samples Papers from Speakers

Aditi Majumder

1. Ezekiel Bhasker, Pinaki Sinha, Aditi Majumder, Registration Techniques for Using Imperfect and Partially Calibrated Devices in Planar Multi-Projector Displays, IEEE Transactions on Visualization and Computer Graphics, 2007.

2. Ezekiel Bhasker, Pinaki Sinha, Aditi Majumder, Asynchronous Distributed Calibration for Scalable Reconfigurable Multi-Projector Displays, IEEE Transactions on Visualization and Computer Graphics, 2006. 

3. Aditi Majumder, and M. Gopi, Modeling Color Properties of Tiled Displays, Computer Graphics Forum, June, 2005. 

4. Ruigang Yang, Aditi Majumder, and Michael Brown, Camera Based Calibration Techniques for Seamless Multi-Projector Displays, IEEE Transactions on Visualization and Computer Graphics, Vol. 11, No. 2, March-April, 2005. 

5. Aditi Majumder and Rick Stevens, Perceptual Photometric Seamlessness in Tiled Projection-Based Displays, ACM Transactions on Graphics, Vol. 24, No. 1, January 2005. 

6. Aditi Majumder and Rick Stevens, Color Non-Uniformity in Projection Based Displays: Analysis and Solutions, IEEE Transactions on Visualization and Computer Graphics, Vol. 10, No. 2, 2004. 

Hendrik Lensch

Symmetric Photography: Exploiting Data-sparseness in Reflectance Fields
Gaurav Garg, Eino-Ville Talvala, Marc Levoy, Hendrik P. A. Lensch
Rendering Techniques 2006: 17th Eurographics Workshop on Rendering,
June 2006, pp. 251-262.

Dual photography
Pradeep Sen, Billy Chen, Gaurav Garg, Stephen R. Marschner, Mark
Horowitz, Marc Levoy, Hendrik P. A. Lensch
ACM Transactions on Graphics, 24(3), August 2005, pp. 745-755.

DISCO: acquisition of translucent objects
Michael Goesele, Hendrik P. A. Lensch, Jochen Lang, Christian Fuchs, Hans-Peter Seidel
ACM Transactions on Graphics, 23(3), August 2004, pp. 835-844.

Polarization and Phase-shifting for 3D Scanning of Translucent Objects.
Tongbo Chen, Hendrik P. A. Lensch, Christian Fuchs and Hans-Peter Seidel.
Proceedings of IEEE Conference on Computer Vision and Pattern
Recognition (CVPR 2007), Minneapolis, USA, June 2007

Ramesh Raskar

