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Computational Photography

• CPhoto@FIT
http://cphoto.fit.vutbr.cz/
B.Sc., M.Sc., Ph.D. and other projects

• Computational Photography Course 
http://www.fit.vutbr.cz/study/course-l.php?id=12352

• VGS-IT - Invited Talks on Vision, Graphics, and Speech@FIT
http://vgs-it.fit.vutbr.cz/

• HiVisualComputing Conference
http://www.hiviscomp.cz/
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Cameras are Everywhere
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http://www-users.mat.uni.torun.pl/~olka/
http://www-users.mat.uni.torun.pl/~olka/


http://www.loc.gov/exhibits/empire/
http://www.loc.gov/exhibits/empire/
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WHAT IS COMPUTATIONAL 
PHOTOGRAPHY?



Computational Photography

– Photography + computations = better pictures

– Images that go beyond the capabilities of 
traditional imaging systems

– Conferences

– Books

– Courses…
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Photography Once Upon a Time
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𝑋 = 𝐿𝑡



Photography Crash Course

• Lens and viewpoint 
determine perspective

• Aperture and shutter 
speed determine exposure

• Aperture and other 
effects determine depth of 
field

• Sensor records image
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Shutter



Photography Today
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𝑋 = 𝐿𝑡



HOW COMPUTATIONAL 
PHOTOGRAPHY?



Cameras

• Optics + sensing + computation

• Already quite some computation (one may not be
aware of)

– De-mosaicing (Bayer pattern)

– Blurring (to avoid moiré and aliasing)

– Geometric corrections

– …

•50



HOW COMPUTATIONAL 
PHOTOGRAPHY:
MULTIPLE EXPOSURES



Field of View
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• Human FOV = 200 x 135°

• Virtual wide-angle camera

[Panoramic San Francisco, 1851]



Field of View
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• Human FOV = 200 x 135°

• Virtual wide-angle camera



Field of View
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Field of View
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Underwater Imaging
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• Mosaicking



• http://www.fit.vutbr.cz/~cadik/VYF/lecture2018.html

Spherical Panorama

http://www.fit.vutbr.cz/~cadik/VYF/lecture2018.html
http://www.fit.vutbr.cz/~cadik/VYF/lecture2018.html
http://www.fit.vutbr.cz/~cadik/VYF/lecture2018.html


Panorama Stitching Software

• Hugin
– http://hugin.sourceforge.net/

• Panorama Tools
– https://sourceforge.net/projects/panotools/

http://pfstools.sourceforge.net/
https://sourceforge.net/projects/panotools/


[Agrawala et al., 2004]

Depth of Field
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Source images

‘Graph Cuts’ SolutionGradient-Domain fusion

(global maximum contrast
image objective)



global maximum contrast
image objective

Depth of Field

Result



Limited Exposure Range
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Limited Exposure Range
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Limited Exposure Range
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High Dynamic Range of Luminance

•79
log10(L)



Multi-exposure Technique

f/5.6, 1/1000s f/5.6, 1/250s f/5.6, 1/30s

f/5.6, 1/4s f/5.6, 2s f/5.6, 8s



HDR Image

_sources/cadik-desk02.hdr
_sources/cadik-desk02.hdr


HDR is a “digital negative”
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[HDR]



[single exposure]



[Čadík 07]



[Pattanaik et al. 00]



[Fattal et al. 02]



[Paris et al. 11, 
Aubry et al. 15]



Tone Mapping Studio

• tmolib: library for HDR image processing
– loading/storing most of HDR file formats
– color conversions 
– image processing functions

• tmocmd
• tmogui
• plug-ins 

• https://github.com/cadik/TMS
• c++, linux/windows
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https://github.com/cadik/TMS


tmocmd
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tmogui
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tmogui
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plug-in
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Many TM Methods Available

• Image TM
– [Tumblin, Rushmeier 93], 

[Ward 94], [Durand, Dorsey 
2002], [Drago et al., 2003], 
[Fattal et al. 2002], 
[Mantiuk et al. 06, 08], 
[Čadík 07], [Fattal 09], 
[Aydin, Čadík et al. 2010], 

• [HDR video tone mapping
– [Pajak, Čadík et al. 2010]
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http://cadik.posvete.cz/tmo/

http://cadik.posvete.cz/tmo/


HDR Software

• pfstools
– http://pfstools.sourceforge.net/

• Picturenaut
– http://www.hdrlabs.com/picturenaut/

• Photosphere
– http://www.anyhere.com/

http://pfstools.sourceforge.net/
http://www.hdrlabs.com/picturenaut/
http://www.anyhere.com/


Other Factors



Other Factors



Other Factors



Digital Photomontage

[Agarwala et al., 2004]



Other Factors



Multiple Exposures

• 16 sensors

• 52 MPx

• 35-150mm

•112

• 16 sensors

• 52 MPx

• 35-150mm

Light L16 - Multiple Exposures



IPHONE 7S



LG G6



HUAWEI P20PRO



HOW COMPUTATIONAL 
PHOTOGRAPHY:
MODIFYING CAMERAS



Fluttered Shutter Camera

Shutter



Motion Blur



Motion Blur
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Deblurred



Coded Exposure Photography

[Raskar et al. 06]



Image Deblurred by solving a linear system. No post-processing

Approximate cutout of the blurred image containing the 
taxi (vignetting on left edge). Exact alignment of cutout 

with taxi extent is not required.



Sensor – Lightfield/Lumigraph
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Shutter



Light Field/Lumigraph

• 4D image

• Sensor

– Grid of many cameras

– Microlenses

– Coded aperture
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Light Field/Lumigraph

• Applications

– Changes of point of view

– Changes in focus and depth of field
• Deconvolution using depth from parallax
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• http://www.fit.vutbr.cz/~cadik/VYF/lecture2018.html

Spherical Panorama

http://www.fit.vutbr.cz/~cadik/VYF/lecture2018.html
http://www.fit.vutbr.cz/~cadik/VYF/lecture2018.html
http://www.fit.vutbr.cz/~cadik/VYF/lecture2018.html


Light Field



Flash/No-Flash

Flash No flash Detail transfer + denoising

Shutter

Flash



Flash/No-Flash
• [Nayar et al. 2006] – structured light

– Separation of direct and global images using high frequency 
illumination

• [Eisemann and Durand 2004] – cross bilateral filter

• [Petschnigg et al. 2004] – joint bilateral filter

Flash No flash Detail transfer + denoising



Change it All
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Shutter



FrankenCamera

• “Open source” computational photography

– Fcam (Stanford, ex. Nokia, nVidia)
http://fcam.garage.maemo.org/

• Complete redesign of the camera

• Programmer has full control

• Tailored to computational photography 
(contrary to std. cameras)
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http://fcam.garage.maemo.org/




IMAGE EDITING



Darkroom
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Digital “Darkroom”
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Traditional Digital Image Editing

• Photoshop

– Healing brush

• Multiscale image 
decompositions

– [Fattal 09…]

– [Pajak, Čadík et al., TVC 
2010]

• Good for professionals

– But is that natural?
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Image Resizing

• content aware image resizing

– [Avidan, Shamir 2007]

•136

https://www.youtube.com/watch?v=vIFCV2spKtg


Image Resizing

• content aware image resizing

– [Avidan, Shamir 2007]
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https://www.youtube.com/watch?v=vIFCV2spKtg
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HDR Image Retargeting

[Avidan, Shamir 2007] [Drago et al. 03] [Aydin, Čadík et al. 2010]

HDR source



[Aydin, Čadík et al.2010]

[Ward 2006]

HDR Panorama Stitching



Multiscale Contrast Image Editing

•142[Pajak, Čadík et al. 2010]



Input 



[Kopf et al. 2008]

Input Relighted Relighted



3D Models & Computer Graphics

photograph

synthesized view



VISUAL GEO-LOCALIZATION:
3D FOR COMPUTATIONAL 
PHOTOGRAPHY



Image Geo-localization Task
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LOCATE:  http://cadik.posvete.cz/locate/





Results





GeoPose3K - depth
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GeoPose3K - normals
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GeoPose3K - normals
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GeoPose3K - lighting
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GeoPose3K - lighting
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GeoPose3K - lighting
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GeoPose3K - lighting
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GeoPose3K - lighting
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GeoPose3K - lighting
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GeoPose3K - lighting
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GeoPose3K - lighting
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GeoPose3K - lighting
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GeoPose3K - lighting
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GeoPose3K - lighting
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GeoPose3K - lighting
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GeoPose3K - lighting

•178



GeoPose3K - lighting
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GeoPose3K - lighting
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GeoPose3K - lighting
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GeoPose3K - lighting
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GeoPose3K - lighting
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GeoPose3K - Metadata
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Metadata source: OpenStreetMap



GeoPose3K - Metadata
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Synthetic Semantic Segmentation
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Synthetic Semantic Segmentation
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Synthetic Semantic Segmentation
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Synthetic Semantic Segmentation
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Leveling Horizon
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original



Leveling Horizon

•191
corrected



Depth-assisted Dehazing
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original



Depth-assisted Dehazing
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dehazed



Depth-assisted Dehazing
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original



Depth-assisted Dehazing
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dehazed



Depth-assisted Dehazing
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Simulating Depth-of-Field
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original



Simulating Depth-of-Field
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S=5km



Simulating Depth-of-Field
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S=9km



Simulating Depth-of-Field

•202

S=20km



Simulating Depth-of-Field
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S=30km



Simulating Depth-of-Field
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S=70km



Simulating Depth-of-Field
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Simulating Depth-of-Field
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Simulating Depth-of-Field
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Synthetic Depth-of-Field
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Image Forensics

• Bogus K2 summiting

•218

C3 campsite 
(7250m)

Summit of K2
(8611m)

[Chippendale et al., 2013]



Texture Synthesis
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example data



Texture Synthesis
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result



Computational Photography

• Ph.D. degree programme

• Topics:
http://www.fit.vutbr.cz/study/phd/thesis-t.php.en

• Deadline: 26.5.

Computational Photography, 15.5.2018 228
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Computational Photography

• Linux, C++, Qt, OpenGL

• Machine Learning

• DNN, CNN: python, tensorflow (google), keras, pytorch
(facebook)

Computational Photography, 15.5.2018 229



CONCLUSIONS AND OUTLOOK



Computational Photography

• Images that go beyond the capabilities of traditional 
imaging systems

• New cameras don’t just capture photons; they 
compute pictures

• Big potential for

– Research

– Art 

– Commerce

•231



Computational Photography

• Multiple image captures

• Modifying cameras

• Additional modalities
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Outlook

• ultimate post-capture control (exposure, 
zoom, refocus, synthetic aperture, camera 
pose change..)

• perceptual quality (not necessarily only visual 
senses)

• understand the world (computer vision) 
natural ways of image enhancement and 
editing
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Outlook

[Kholgade et al., 2014]



Photography has power to change people’s lives.

Cameras don't take photos, people do.

[Lange 1936]



Thank You cadikm@centrum.cz
http://cadik.posvete.cz


