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Last Time?
• Non-Photorealistic 

Rendering
– Line Drawing
– Pen & Ink / Hatching
– Technical Illustration
– Painterly Rendering 

• Architectural Rendering



Today
• Photography Lesson: Tilt/Shift Lenses
• Announcements: Quiz & Final Projects
• Papers for Today
• Structure From Motion
• Multi-viewpoint Rendering
• Matting & Compositing
• Helmholtz Reciprocity
• Light Fields
• Papers for Next Time

The Sandpit, O’Hare, 2010

https://docs.google.com/file/d/1BCzW96eeb5B7fhJXZ_dnvUPnPybZ_xip/preview


Camera Obscura / Pinhole Camera

Optics: the principle of the camera obscura. Engraving, 1752.

Camera Obscura / Pinhole Camera
• “Pinhole” = tiniest aperture/opening

– Limited light reaches the image plane
– Requires very sensitive film / sensors 

and/or long exposure (stationary scene)
– Entire scene is in focus

• Larger aperture/opening
– Lens required to collect 

additional light, but bend it 
to land on a single point 
on the image plane

– Lens geometry optimized 
for distance ratio 
object-to-lens : lens-to-image-plane

– Only objects near this optimal distance are in focus



Tilt-Shift Camera Lens

Illustrations by Chris Heald
https://photography.tutsplus.com/tutorials/an-introduction-to-large-format-photography--photo-7987

Tilt-Shift Camera Lens
https://en.wikipedia.org/wiki/Tilt%E2%80%
93shift_photography#/media/File:24mm-tilt

-lens.jpg

https://en.wikipedia.org/wiki/Tilt%E2%80%93shift
_photography#/media/File:Nikon-35mm-left.jpg

https://photography.tutsplus.com/tutorials/an-introduction-to-large-format-photography--photo-7987


https://en.wikipedia.org/wiki/Tilt%E2%80%93shift_photography

https://www.colesclassroom.com/5-tips-to-take
-architectural-photography-next-level/

Shift/Rise for Perspective-Control

Tilt/Swing for Focus Control

https://snapshot.canon-asia.com/india/article/en/what-you-didnt-know-about-the-tilt-function-on-tilt-shift-lenses



Tilt/Swing for Focus Control

https://upload.wikimedia.org/wikipedia/commons/e/ee/Tilt-lens_photo_of_model_train.jpg

Tilt/Swing for Focus Control
https://luminous-landscape.com/focusing-tilt-shift-lenses/

Focus in the distance Focus on the foreground Tilted focal plane, 
(most) everything in focus



Tilt/Swing for Selective Focus

https://snapshot.canon-asia.com/india/article/en/what-you-didnt-know-about-the-tilt-function-on-tilt-shift-lenses

Tilt/Swing for Miniature Effect

Ben Thomas 
http://benthomas.co/cityshrinker/wamrft5d4mk0ua9ahjxtu9cu2qtxsp



Tilt/Swing for Miniature Effect

Ben Thomas 
http://benthomas.co/cityshrinker/4pgljfasa898t1z6cjnio3pilyaxzi

Tilt/Swing for Miniature Effect

How to achieve the effect?
• High-angle shot (from “above”) from a distance
• With a shallow depth of field

– Foreground and background out of focus

Why does it look like a miniature model?
• Actual miniatures are usually photographed 

from close up… 
• Depth of field is narrower/shallower when the 

camera is closer to the objects



Today
• Photography Lesson: Tilt/Shift Lenses
• Announcements: Quiz & Final Projects
• Papers for Today
• Structure From Motion
• Multi-viewpoint Rendering
• Matting & Compositing
• Helmholtz Reciprocity
• Light Fields
• Papers for Next Time

Remaining Schedule...
• Tuesday April 11th: Last lecture!
• Friday, April 14th: Quiz 2, during class time

– practice problems are on the calendar
• Tuesday April 18th, 

Friday April 21st, &
Tuesday April 25th:
– Final Project Presentations
– mandatory attendance for everyone

ask questions & “peer grading” / feedback
• Monday April 24th @ midnight:

Final Project Reports (& source code) due 
please, please, please no late days/extensions

We’ll determine the 
final project presentation schedule  

during lecture Tuesday 11th



Today
• Photography Lesson: Tilt/Shift Lenses
• Announcements: Quiz & Final Projects
• Papers for Today
• Structure From Motion
• Multi-viewpoint Rendering
• Matting & Compositing
• Helmholtz Reciprocity
• Light Fields
• Papers for Next Time

Chris Wyman, 

"An Approximate 
Image-Space 
Approach for 
Interactive 
Refraction”, 

SIGGRAPH 2005

Reading for Today:



“Environment Matting and Compositing” 
Zongker, Werner, Curless, & Salesin, SIGGRAPH 1999

Reading for Today:

“Environment Matting and Compositing” 
Zongker, Werner, Curless, & Salesin, SIGGRAPH 1999



“Video Matching”, 
Sand & Teller, SIGGRAPH 2004

Reading for Today:

Video Matching, Sand, Siggraph 2004

https://docs.google.com/file/d/18BHe-69JZa-mSgaHUu3JEwTyxtl40NlH/preview


“Video Matching”, 
Sand & Teller, SIGGRAPH 2004

Today
• Photography Lesson: Tilt/Shift Lenses
• Announcements: Quiz & Final Projects
• Papers for Today
• Structure From Motion
• Multi-viewpoint Rendering
• Matting & Compositing
• Helmholtz Reciprocity
• Light Fields
• Papers for Next Time



Structure From Motion
• Input: Sequence of frames (e.g., video) of a 

moving object (or moving camera)
• Output: Approximate geometry of object & 

camera pose for each frame
• How?   

– Automatically detect features in each frame
– Determine correspondences between features
– Infer camera calibration & object geometry

• Humans do it all the time… but it’s a really 
hard problem!

Photo Tourism

Finding Paths through the World's Photos, 
Snavely, Garg, Seitz, & Szeliski, SIGGRAPH 2008 
Photo tourism: Exploring photo collections in 3D, 

Snavely, Seitz, & Szeliski, SIGGRAPH 2006



Reading Comments
• Finding Paths through the World’s Photos

– Computer vision + computer graphics
– SIFT keypoints
– What if people don’t take good photos?
– Lighting adjustment & removal/separate 

treatment of foreground would improve the 
overall quality of the results

– Resulting video is indeed helpful for exploring / 
understanding a new 3D enviornment

“Image Based Tree Modeling”, 
Tan et al., SIGGRAPH 2007



“Approximate Image-Based Tree-Modeling using 
Particle Flows”, Neubert et al.,  SIGGRAPH 2007

Image-Based Modeling and Photo Editing
Oh, Chen, Dorsey, & Durand, SIGGRAPH 2001



Today
• Photography Lesson: Tilt/Shift Lenses
• Announcements: Quiz & Final Projects
• Papers for Today
• Structure From Motion
• Multi-viewpoint Rendering
• Matting & Compositing
• Helmholtz Reciprocity
• Light Fields
• Papers for Next Time

Multi-Viewpoint Panoramas
“Photographing long scenes with multi-viewpoint 
panoramas”, Agarwala, Agrawala, Cohen, Salesin, & 
Szeliski, SIGGRAPH 2006





Multi-Viewpoint Panoramas

• Like many non-photorealistic rendering 
methods, this paper aims to mimic the style 
of a particular artist or style of art

• Well designed user interface:
– Most components automated
– User can adjust dominant plane, view selection, 

seams, & inpainting 

 Portrait of Dora Maar
Pablo Picasso

Portrait of a Woman
Pablo Picasso



Multi-Perspective Rendering

J. Yu & L. McMillan
“A Framework for Multiperspective Rendering”
Eurographics Symposium on Rendering 2004

Opening Scene from Disney’s Pinocchio



http://disney.wikia.com/wiki/Pinocchio
Gustaf Tenggren

Photo Montage
• David Hockney

http://www.hockneypictures.com/photos/photos_collages_05_large.php



Questions?

 Zac Bubnick  http://www.princetonol.com/groups/iad/lessons/high/cubismphoto.htm
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“Interactive Digital Photomontage”, Agarwala, 
Dontcheva, Agrawala, Drucker, Colburn, Curless, 

Salesin, & Cohen SIGGRAPH 2004
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Helmholtz Reciprocity
• BRDF is symmetric: % of light reflected from 

direction i off surface point p to direction j is 
the same as the % of light reflected from 
direction j off surface point p to direction i
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Helmholtz Reciprocity

“Dual Photography”, Sen, Chen, Garg, Marschner, 
Horowitz, Levoy, & Lensch, SIGGRAPH 2005 

camera
projector

projector
camera

real scene synthetic renderings



“Dual Photography”, Sen, Chen, Garg, Marschner, 
Horowitz, Levoy, & Lensch, SIGGRAPH 2005 

Today
• Photography Lesson: Tilt/Shift Lenses
• Announcements: Quiz & Final Projects
• Papers for Today
• Structure From Motion
• Multi-viewpoint Rendering
• Matting & Compositing
• Helmholtz Reciprocity
• Light Fields
• Papers for Next Time



Light Fields

Plenoptic Modeling: An Image-
Based Rendering System, 

McMillan & Bishop, 
SIGGRAPH 1995

Dynamically reparameterized 
light fields, Isaksen, McMillan, 
& Gortler, SIGGRAPH 2000

Light Field Rendering,
Levoy & Hanrahan, 
SIGGRAPH 1996

Unstructured Lumigraph Rendering” 
Buehler et al. SIGGRAPH 2001



“Unstructured Lumigraph Rendering” 
Buehler et al. SIGGRAPH 2001

Unstructured Lumigraph, Buehler, 2001

https://docs.google.com/file/d/1CxHCHlqhUktyfynVwihl-wtUSGSsmbG0/preview


Light Field Camera
• After taking the 

photograph, we can:
– Adjust focus
– Change viewpoint
– Change illumination
– & more?

Light Field Photography with a Hand-Held Plenoptic Camera, 
Ng, Levoy, Bredif, Duval, Horowitz, & Hanrahan, 

Stanford Tech Report, 2005
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"Flash Photography Enhancement via Intrinsic 
Relighting", Eisemann & Durand, SIGGRAPH 2004

Reading for Next Time: (pick one)

no flash
warm ambiance,

noisy

flash
flat lighting

combined result: 
original lighting, 

denoised

“Real-Time User-Guided Image Colorization with Learned 
Deep Priors”, Zhang, Zhu, Isola, Geng, Lin, Yu, and Efros, 
SIGGRAPH 2017

Reading for Next Time: (pick one)



“ColorBrewer.org: An Online Tool for Selecting Colour Schemes 
for Maps”, Harrower & Brewer, The Cartographic Journal, 2003.

Reading for Next Time: (pick one)


