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The world in photos

* There are billions of photos online
* Photographic record of the surface of the earth
* Photo sharing on a massive scale
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Flickr

Photo Sharing

2.5 billi = =
en flickr g
2 billion /)I Search Photos  Groups  Pecgie
1.5 billion
Lbillion How can we manipulate
// (visualize, navigate, find) L.
500 million such immense numbers e
/ of images?
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Photo Tourism Photo Tourism overview
[Snavely, Seitz, Szeliski, SIGGRAPH 2006]
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Images on the Internet
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Scene reconstruction

* Automatically estimate
— position, orientation, and focal length of cameras
— 3D positions of feature points

Feature detection
— Incremental
Pairwise
. structure
feature matching .
from motion
Correspondence
estimation

Structure from motion
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Incremental structure from motion

* Automatically select an initial pair of images

Incremental structure from motion
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Navigation: Prague Old Town Square

)

Annotations: Notre Dame

Hierarchical annotations

Locking the camera (stabilization)
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Microsoft Photosynth
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http://photosynth.net/

Microsoft Photosynth

* 3D reconstruction

* Multi-resolution
streaming & zooming

* Quad-based
exploration

e Community
photo sharing

http://photosynth.net/

Skeletal graphs for efficient
structure from motion

Noah Snavely, Steve Seitz,
Richard Szeliski

CVPR'2008 -,
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Large-scale reconstruction

* Most of the models shown so far have had
~500 images

@4 We found 39,609 results for photos matching colosseum and rome

* How do we scale from 100s to 10,000s of
images?

* Observation: Internet collections represent
very non-uniform samplings of viewpoint

Skeletal set

* Goal: given an image graph G,
select a small set S of important images to

reconstruct, bounding the loss in quality of
the reconstruction

* Reconstruct the skeletal set S

* Estimate the remaining images with much
faster pose estimation steps

Example

Full graph Skeletal graph

Pantheon
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Pantheon
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Skeletal reconstruction After adding leaves After final optimization
101 images 579 images 579 images
2973 images registered (277 in skeletal set)

Trafalgar Square

Trafalgar Square

Building Rome in a Day

Sameer Agarwal, Noah Snavely,
lan Simon, Steven M. Seitz,
Richard Szeliski
ICCV’2009
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Results: Dubrovnik

(@) Dubrovnik: Four different views and associated images from the largest P ponent cap entire
old city. with both street-level and roof-top detail. The reconstruction consists of 4,585 images and 2.662.981 3D points with 11,839,682 observed
features.

Results: Rome
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Colosseam: 2.097 images, $19,242 poiats
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Hall of Maps: 275 images 230,152 poins
2t cancmical 114

Puntheon: 1032 images, 530,076 points
) Rome:

Reconstructing Rome on a
Cloudless Day

[J.M. Frahm et al., ECCV 2010]
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Community photo collections

» “Wikipedia for photos” — visual record of
world through community of
photographers

— Geograph British Isles
http://www.geograph.org.uk/

Applications o

Users can tag and comment on photos,
link to other content

— World-wide telescope

“Where should | take a photo?”
http://photocitygame.com/

Community photo collections Virtual tour guide scenario

* Leveraging large databases of photos, large
number of users
— Annotations / augmented reality

St. Peter's Basilica
* Built: 15061626



http://www.geograph.org.uk/
http://photocitygame.com/
http://en.wikipedia.org/wiki/St._Peter's_Basilica
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Rephotography

Topographic data courtesy USGS,

Internet Computer Vision

Computer Vision and the Internet (09w5126)

.
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AUGUST 2010 / VOL. 98 / NO. 8

INTERNET VISION

Edited by 5. Avidan, . Baker, and ¥. Shan

1370 Collections
. M. Goesele, R Szeliskl, and 5. M, Seitz
| ] preg besd in digitizing and visualizing the world
From data captured by poople taking photos and uploading them to the web.

By N, Snavely

1391 Infinite Images: Creating and Exploring a Large Photorealistic
Virtual Space L
By B. Kanewa, J. Sivic, A. Torralba, 8. Avidan, and W, 7. Freeman B
|0 paper| This peoposed system uses 3-D-based navigation to browse bege

SCANNING THE
ISSUE
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Summary

* Large (Internet) photo collections:
the next frontier in computer vision

* Efficient algorithms for large-scale 3D
matching and reconstruction

* New challenges for 3D recognition
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