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Photographic stories over time
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Time scales

microseconds month centuryseconds
10^-12 10^-9 10^-6 10^-3 10^0 10^3 10^6 10^9 10^12

picoseconds msec hour

Photography can tell stories about 
events over each timescale
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laser pulse and thus exposure duration:
     10 pico-seconds=10^-11 sec
speed of light:  3x10^10 cm/sec thus 3mm length
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http://homepage2.nifty.com/kubotaholo/ehamen.htm

Saturday, March 31, 12

http://homepage2.nifty.com/kubotaholo/ehamen.htm
http://homepage2.nifty.com/kubotaholo/ehamen.htm


time-of-flight imaging

microseconds month centuryseconds

10^-12 10^-9 10^-6 10^-3 10^0 10^3 10^6 10^9 10^12

picoseconds msec hour
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3DV camera operation

http://www.3dvsystems.com

50 cm / 3x10^10 cm/sec = 1.7 nanoseconds
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3DV camera operation

http://www.3dvsystems.com

1 x 10-9 second slab of light
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3DV camera operation

http://www.3dvsystems.com

chop return pulse with fast gating mechanism
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RGB image
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Z image
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1-200 microseconds--flash 
photography

microseconds month centuryseconds

10^-12 10^-9 10^-6 10^-3 10^0 10^3 10^6 10^9 10^12

picoseconds msec hour

1 - 200 microseconds
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From Harold Edgerton 
notebook T-6 (1935), page 18
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Strobe photograph by Edgerton
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Other photographs by Doc Edgerton
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23

flash:  about 10 micro seconds, but showing bullet effect over 1m/500m/sec = 2 milliseconds                    Doc Edgerton
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http://www.flickr.com/photos/nebarnix/640437476/sizes/l/in/pool-77268029@N00/

By nebarnix Jasper Nance

traveling 0.002 m at ~500m/s takes    0.4 microsec
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http://www.highspeedflashphotography.com/high-speed-flash-images/
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http://www.flickr.com/photos/kalimistuk/1098190315/in/pool-77268029@N00/
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Photographs by 
Heinz Maier

http://www.thisiscolossal.com/2011/10/high-speed-liquid-and-bubble-photographs-by-heinz-maier/
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Photographs by 
Heinz Maier

http://www.thisiscolossal.com/2011/10/high-speed-liquid-and-bubble-photographs-by-heinz-maier/
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Conventional photography

microseconds month centuryseconds

10^-12 10^-9 10^-6 10^-3 10^0 10^3 10^6 10^9 10^12

picoseconds msec hour

1/5000 - 1/25 sec

Saturday, March 31, 12



Marey photographic rifle (12 fps)

http://www.ctie.monash.edu.au/hargrave/marey.html
http://en.wikipedia.org/wiki/

%C3%89tienne-Jules_Marey
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Marey photographic rifle (12 fps)

http://www.ctie.monash.edu.au/hargrave/marey.html
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http://www.ctie.monash.edu.au/hargrave/marey.html
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Marey

Étienne-Jules Marey, Bird Flight, Pigeon Landing, 1894

Animation by Charl Lucassen
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Marey

http://www.ctie.monash.edu.au/hargrave/marey.html

http://en.wikipedia.org/wiki/File:Marey_-_birds.jpg

Marey, 1882
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Marey
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Muybridge

http://upload.wikimedia.org/wikipedia/commons/d/dd/Muybridge_race_horse_animated.gif
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Muybridge

http://upload.wikimedia.org/wikipedia/commons/d/dd/Muybridge_race_horse_animated.gif
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Muybridge
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http://carlidavidson.photoshelter.com/gallery-image/Shake/G0000s_trsF9CDFI/I0000Sz03P1L2rr4

Carli Davidson Pet 
Photography
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http://carlidavidson.photoshelter.com/gallery-image/Shake/G0000s_trsF9CDFI/I0000B1xJe9AJDbI

Carli Davidson Pet 
Photography
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http://carlidavidson.photoshelter.com/gallery-image/Shake/G0000s_trsF9CDFI/I0000fA42.3dHwwA

Carli Davidson Pet 
Photography
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motion-blur

microseconds month centuryseconds

10^-12 10^-9 10^-6 10^-3 10^0 10^3 10^6 10^9 10^12

picoseconds msec hour

1/25 - 1 second
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Blur tells a story
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By K.u.p.s. Cristiano Fonseca+ Add Contact

This photo was taken on June 3, 2007 using a Canon EOS Digital Rebel XTi.
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Ernst Haas
1921-1986

"Motion" collection by Ernst Hass
http://www.ernst-haas.com/colorGallery03.html
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"Motion" collection by Ernst Hass
http://www.ernst-haas.com/colorGallery03.html

Ernst Haas
1921-1986
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"Motion" collection by Ernst Hass
http://www.ernst-haas.com/colorGallery03.html

Ernst Haas
1921-1986
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http://www.flickr.com/photos/kington/5660831674/in/photostream
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http://www.flickr.com/photos/kington/5660831448/in/photostream/lightbox/
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http://www.flickr.com/photos/kington/page3/
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Analyzing spatially varying blur
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seconds to hours

microseconds month centuryseconds

10^-12 10^-9 10^-6 10^-3 10^0 10^3 10^6 10^9 10^12

picoseconds msec hour

seconds to hours
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✤ averaging

✤ image selection

✤ synopsis

✤ shapetime photography

✤ lucky imaging

✤ analyze how things have changed

Operations on images over an 
interval

[                                  ]
time 1 time 2
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Jason Salavon

http://salavon.com/LateNite/Leno_Detail.html
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Jason Salavon

http://salavon.com/LateNite/Conan_Detail.html
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Jason Salavon

http://salavon.com/LateNite/Letterman_Detail.html

The Late Night Triad   2003
   Part I: The Tonight Show with Jay Leno
   Part II: Late Night with Conan O'Brien
   Part III: Late Show with David Letterman
3 Synced single-channel DVD projections
Running time: 3 min 35 sec looped. Dimensions variable. Ed. 3 + 1 APs.

In this installation, from a broader series begun in 1997, 64 nights' worth of the major US late night talk shows have been aligned and averaged using basic transformations. The 
result is a triptych of video projections with soundtrack, presenting an amalgamation of monologues which reveals the ghosts of repetitious structure and nightly activity.
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clickflashwhirr

http://www.petapixel.com/2011/11/02/
composite-self-portrait-made-

using-500-photographs-of-one-face/

Inspired by Noah Kalina’s viral everyday video a girl who goes by 
clickflashwhirr has been doing a similar self-portrait-a-day project. 

Designer Tiemen Rapati decided to make a composite image showing 
what the average of the self-portraits looks like. Taking 500 images from 

clickflashwhirr’s Flickr set, Rapati wrote a script that counts the 
individual RGB values for each pixel, averaging them across the 500 

portraits.

average of 500 photos of 
clickflashwhirr
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✤ averaging

✤ image selection

✤ synopsis

✤ shapetime photography

✤ lucky imaging

✤ analyze how things have changed

Selection over time based on shape

[                                  ]
time 1 time 2
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✤ averaging

✤ image selection

✤ synopsis

✤ shapetime photography

✤ lucky imaging

✤ analyze how things have changed

Selection over time based on shape

[                                  ]
time 1 time 2
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W. T Freeman and H. Zhang, Shapetime photography, 
IEEE Computer Vision and Pattern Recognition (CVPR), Madison, WI, June, 2003
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Video frames
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Video frames
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Video frames
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Video frames
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Video frames
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Video frames
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Video frames Multiple-
exposure
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Video frames Multiple-
exposure

Layer-
By-Time
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Video frames Multiple-
exposure

Layer-
By-Time

Shape-
Time
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“how to sew”
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✤ averaging

✤ image selection

✤ synopsis

✤ shapetime photography

✤ lucky imaging

✤ analyze how things have changed

illustrate an instant, by selecting images over an interval

[                                  ]
time 1 time 2
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lucky imaging

http://en.wikipedia.org/wiki/Lucky_imaging
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Peter Funch

Peter Funch, http://www.v1gallery.com/artist/show/3
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Peter Funch

Peter Funch, http://www.v1gallery.com/artist/show/3
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Peter Funch

Peter Funch, http://www.v1gallery.com/artist/show/3
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Peter Funch

Peter Funch, http://www.v1gallery.com/artist/show/3
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Peter Funch

Peter Funch, http://www.v1gallery.com/artist/show/3
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http://www.peterlangenhahn.com/images/bilder/new/Stadion_8bit_repariert.jpg

Peter Langenhahn:  all the fouls of a soccer match

http://www.peterlangenhahn.com/
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Cassandra C Jones--found animations

http://www.youtube.com/watch?v=Oyi0lzbDJVc

After Muybridge, by Cassandra C. Jones
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Cassandra C Jones--found animations
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Cassandra C Jones--found animations

http://www.youtube.com/watch?v=Oyi0lzbDJVc

After Muybridge, by Cassandra C. Jones
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Cassandra C Jones--found images

Lightning Drawing 1, 2009

http://sites.google.com/site/cassandrac/compositions

Saturday, March 31, 12

http://sites.google.com/site/cassandrac/compositions
http://sites.google.com/site/cassandrac/compositions


Cassandra C Jones

Lightning Drawing 2, 2009

http://sites.google.com/site/cassandrac/compositions
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✤ averaging

✤ image selection

✤ synopsis

✤ shapetime photography

✤ lucky imaging

✤ analyze how things have changed

telling a story, within one image, of change 
over time

[                                  ]
time 1 time 2
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✤ averaging

✤ image selection

✤ synopsis

✤ shapetime photography

✤ lucky imaging

✤ analyze how things have changed

amplifying changes over time, in a video

[                                  ]
time 1 time 2
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We can register, then 
amplify, one motion relative 

to another.

Original footage courtesy of Paul 
Robertson, BBN.

empty trunk

full trunk

Motion magnification.
Ce Liu, Antonio Torralba, Bill 
Freeman, Fredo Durand, and 
Edward Adelson
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We can register, then 
amplify, one motion relative 

to another.

Original footage courtesy of Paul 
Robertson, BBN.

empty trunk

full trunk 
(motion difference amplified)

Motion magnification.
Ce Liu, Antonio Torralba, Bill 
Freeman, Fredo Durand, and 
Edward Adelson
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hours to months

microseconds month centuryseconds

10^-12 10^-9 10^-6 10^-3 10^0 10^3 10^6 10^9 10^12

picoseconds msec hour

hours to months

in addition to selection, we now have matching and alignment and decomposition--computer vision tasks.
Saturday, March 31, 12



http://dsc.discovery.com/tv/planet-earth/
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http://dsc.discovery.com/tv/planet-earth/
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Sunkavalli, Matusik, Pfister and 
Rusinkiewicz

Authors decompose a time-lapse sequence of photographs (a) into sun, sky, shadow, and 
reflectance components.
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Sunkavalli, Matusik, Pfister and 
Rusinkiewicz
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Sunkavalli, Matusik, Pfister and 
Rusinkiewicz
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Sunkavalli, Matusik, Pfister and 
Rusinkiewicz
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A key to much long-time-scale photography:  
tracking and matching.

Brox and Malik tracker (IEEE PAMI 2011), 
as implemented from their publication by Michael Rubinstein
(include point correspondences from feature descriptor matching into a 
variational optical flow method).
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A key to much long-time-scale photography:  
tracking and matching.

Brox and Malik tracker (IEEE PAMI 2011), 
as implemented from their publication by Michael Rubinstein
(include point correspondences from feature descriptor matching into a 
variational optical flow method).
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Motion denoising:   M. Rubinstein, C. Liu, P. 
Sand, W. Freeman, and F. Durand, CVPR 2011

Motion denoising, Rubinstein et al, CVPR 2011
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Motion denoising, Rubinstein et al, CVPR 2011
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Motion denoising:   M. Rubinstein, C. Liu, P. 
Sand, W. Freeman, and F. Durand, CVPR 2011

Motion denoising / video short and long-term separation
Want to do this without motion estimation.

Motion denoising, Rubinstein et al, CVPR 2011
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The energy function to specify optimal 
spatio-temporal displacements

Three terms in objective function for optimal 
displacement map:  

(1) L1 fidelity to original timelapse sequence; 
(2) constancy of processed video over time; 
(3) spatial L1 smoothness of displacement field.

Motion denoising, Rubinstein et al, CVPR 2011
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The equation to specify optimal spatio-
temporal displacements, viewed as an MRF

Motion denoising, Rubinstein et al, CVPR 2011
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Sprouts

Color code for spatial 
displacements

Color code for temporal 
displacements

0

Motion denoising, Rubinstein et al, CVPR 2011
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Split into short-term and long-term motions

Motion denoising, Rubinstein et al, CVPR 2011
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Comparison of motion denoising methods

Time
Space
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Comparison of motion denoising methods

Time
Space
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Split into short- and long-term video streams

Motion denoising, Rubinstein et al, CVPR 2011
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Swimming pool excavation

Color code for spatial 
displacements

Color code for temporal 
displacements

0

Motion denoising, Rubinstein et al, CVPR 2011
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Split into short- and long-term video streams

Motion denoising, Rubinstein et al, CVPR 2011
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timelapse courtesy Extreme Ice Survey
Motion denoising, Rubinstein et al, CVPR 2011

Glacier (courtesy Extreme Ice Survey) 
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years to centuries

microseconds month centuryseconds

10^-12 10^-9 10^-6 10^-3 10^0 10^3 10^6 10^9 10^12

picoseconds msec hour

years to centuries
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Prokudin-Gorskii
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Prokudin-Gorskii
• Some of the oldest color photos still preserved 

(1880-1920): 
Prokudin-Gorskii http://www.loc.gov/exhibits/empire/
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Prokudin-Gorskii
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Rephotography
• Given reference (old) photograph
• Take new photo at the exact same viewpoint

[McNulty 2002].

[Collins 2002].

[Dorpat and Sherrard 2007].
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New York Changing 
(rephotographs)

http://newyorkchanging.com/
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New York Changing 
(rephotographs)
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New York Changing 
(rephotographs)
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New York Changing 
(rephotographs)
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New York Changing 
(rephotographs)

http://newyorkchanging.com/
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New York Changing 
(rephotographs)

COMMERCE STREET NOS. 39-41, MANHATTAN, 1936
http://newyorkchanging.com/
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New York Changing 
(rephotographs)

   
COMMERCE STREET NOS. 39-41, MANHATTAN, 2001

http://newyorkchanging.com/
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Computational Re-Photography: 
Bae, Agarwala and Durand, ACM TOG 2010

• Estimate Relative viewpoint
• Guide user using two 2D arrows
• Resolve rotations computationally using 

homographies

• Currently based on a laptop
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Viewpoint estimation
• Two interleaved 

processes
- Accurate based 

on SIFT features 
and RANSAC

- Fast using KLT
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Results Bae, Agarwala and Durand, ACM TOG 2010
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Results Bae, Agarwala and Durand, ACM TOG 2010
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Results after style transfer
Bae, Agarwala and Durand, ACM TOG 2010
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Results after style transfer
Bae, Agarwala and Durand, ACM TOG 2010
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Results after style transfer
Bae, Agarwala and Durand, ACM TOG 2010
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Results after style transfer
Bae, Agarwala and Durand, ACM TOG 2010
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human rephotography
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Irina Werning
http://irinawerning.com/back-to-the-fut/back-to-the-future/
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Irina Werning
http://irinawerning.com/back-to-the-fut/back-to-the-future/
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Irina Werning
http://irinawerning.com/back-to-the-fut/back-to-the-future/
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http://beta.news.yahoo.com/photos/dear-photograph-1308768825-slideshow/

Saturday, March 31, 12

http://beta.news.yahoo.com/photos/dear-photograph-1308768825-slideshow/
http://beta.news.yahoo.com/photos/dear-photograph-1308768825-slideshow/


Picasa Face Movie
http://www.youtube.com/watch?v=fLQtssJDMMc
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Picasa Face Movie
http://www.youtube.com/watch?v=fLQtssJDMMc
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Beyond centuries

microseconds month centuryseconds

10^-12 10^-9 10^-6 10^-3 10^0 10^3 10^6 10^9 10^12

picoseconds msec hour
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http://apod.nasa.gov/apod/ap110427.html

The Dark Tower in Scorpius 
Credit & Copyright: Don Goldman

Explanation: In silhouette against a crowded star field toward the constellation Scorpius, this dusty cosmic cloud evokes for some the image of an ominous dark tower. In fact, clumps of dust and molecular gas 
collapsing to form stars may well lurk within the dark nebula, a structure that spans almost 40 light-years across this gorgeous telescopic portrait. Known as a cometary globule, the swept-back cloud, extending 
from the lower right to the head (top of the tower) left and above center, is shaped by intense ultraviolet radiation from the OB association of very hot stars in NGC 6231, off the upper edge of the scene. That 
energetic ultraviolet light also powers the globule's bordering reddish glow of hydrogen gas. Hot stars embedded in the dust can be seen as bluish reflection nebulae. This dark tower, NGC 6231, and associated 
nebulae are about 5,000 light-years away.

22 orders of 
magnitude larger 

than the structures 
in the light pulse

5,000 years in the past
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http://apod.nasa.gov/apod/ap110427.html

The Sombrero Galaxy from Hubble 
Credit: NASA, ESA, and the Hubble Heritage Team (STScI / AURA) 

Explanation: What's going on in the center of this spiral galaxy? Named the Sombrero Galaxy for its hat-like resemblance, M104 features a prominent dust lane and a bright halo of stars and globular 
clusters. Reasons for the Sombrero's hat-like appearance include an unusually large and extended central bulge of stars, and dark prominent dust lanes that appear in a disk that we see nearly edge-on. 
Billions of old stars cause the diffuse glow of the extended central bulge. Close inspection of the bulge in the above photograph shows many points of light that are actually globular clusters. M104's 
spectacular dust rings harbor many younger and brighter stars, and show intricate details astronomers don't yet fully understand. The very center of the Sombrero glows across the electromagnetic 
spectrum, and is thought to house a large black hole. Fifty million-year-old light from the Sombrero Galaxy can be seen with a small telescope towards the constellation of Virgo. 

50,000,000 years in the past
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http://apod.nasa.gov/apod/ap110427.html

Giant Galaxy NGC 6872 
Image Credit: Sydney Girls High School Astronomy Club, 

Travis Rector (Univ. Alaska), Ángel López-Sánchez (Australian Astronomical Obs./ Macquarie Univ.), Australian Gemini Office 

Explanation: Over 400,000 light years across NGC 6872 is an enormous spiral galaxy, at least 4 times the size of our own very large Milky Way. About 200 million light-years 
distant, toward the southern constellation Pavo, the Peacock, the remarkable galaxy's stretched out shape is due to its ongoing gravitational interaction, likely leading to an eventual 
merger, with the nearby smaller galaxy IC 4970. IC 4970 is seen just below and right of the giant galaxy's core in this cosmic color portrait from the 8 meter Gemini South telescope in 
Chile. The idea to image this titanic galaxy collision comes from a winning contest essay submitted last year to the Gemini Observatory by the Sydney Girls High School Astronomy 
Club. In addition to inspirational aspects and aesthetics, club members argued that a color image would be more than just a pretty picture. In their winning essay they noted that "If 
enough colour data is obtained in the image it may reveal easily accessible information about the different populations of stars, star formation, relative rate of star formation due to the 
interaction, and the extent of dust and gas present in these galaxies". (Editor's note: For Australian schools, 2011 contest information is here.) 

200,000,000 years in the past
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April 7, 2011: NASA's Swift satellite, Hubble Space Telescope, and Chandra X-ray Observatory have teamed up to study one of the most puzzling cosmic blasts ever observed. More than a week later, high-energy radiation continues to brighten and fade from 
its location. Astronomers say they have never seen such a bright, variable, high-energy, long-lasting burst before. Usually, gamma-ray bursts mark the destruction of a massive star, and flaring emission from these events never lasts more than a few hours.On 
Monday, March 28, 2011, the Swift satellite's Burst Alert Telescope discovered the source in the constellation Draco when it erupted with the first in a series of powerful blasts. Swift determined a position for the explosion, which is now cataloged as gamma-ray 
burst (GRB) 110328A, and informed astronomers worldwide. As dozens of telescopes turned to the spot, astronomers quickly noticed a small, distant galaxy very near the Swift position. A deep image, taken by Hubble on Monday, April 4, 2011, pinpointed the 
source of the explosion at the center of this galaxy, which lies 3.8 billion light-years away from Earth. That same day, astronomers used NASA's Chandra X-ray Observatory to make a four-hour-long exposure of the puzzling source. The image, which locates 
the X-ray object 10 times more precisely than Swift, shows that the source lies at the center of the galaxy Hubble imaged. Astronomers previously have detected stars disrupted by supermassive black holes, but none have shown the X-ray brightness and 
variability seen in GRB 110328A. The source has undergone numerous flares. Since Sunday, April 3, it has brightened by more than five times. Although research is ongoing, astronomers feel the unusual blast likely arose when a star wandered too close to its 
galaxy's central black hole. Intense tidal forces tore the star apart, and the infalling gas continues to stream toward the hole. According to this model, the spinning black hole formed an outflowing jet along its rotational axis. A powerful blast of X-rays and 
gamma rays is seen if this jet is pointed in our direction. Hubble observations of GRB 110328A's host galaxy were taken with the Wide Field Camera 3 in visible and near-infrared light. This Hubble image of the galaxy was taken in visible light. Astronomers 
plan additional Hubble observations to see if the galaxy's core changes brightness.

http://apod.nasa.gov/apod/ap110427.html

3,800,000,000 years in the past

Saturday, March 31, 12



Photographic stories over time

microseconds month centuryseconds

10^-12 10^-9 10^-6 10^-3 10^0 10^3 10^6 10^9 10^12

picoseconds msec hour

Plenty of computational challenges in photographing events over 
long time scales.  And many applications in monitoring health, 

buildings, societal changes, etc.
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