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Multi-Camera Systems 

Å Multi-camera systems are used 

widely 

 

ðCoverage of the scene 

ðStereo or multiple cameras 

for depth estimation 

ðMotion capture or 3D 

reconstruction 

ðVideo surveillance  

ðFree viewpoint video or TV 

 ͼжтϠϼмϸ ϸжͧ ͻϝлвϦЂтЂ ϾϜ иϸϝУϦЂϜ

ϤЂϜ ЄϼϦЂ͵ Ьϝϲ ϼϸ 

йжϲЊ Ьвϝͭ ЄІм͟ ϤлϮ 

 ФвК дтв϶Ϧ ϤлϮ 

 ͻϸЛϠ йЂ Ьϸв ͻϾϝЂϾϝϠ ϤлϮ

йжϲЊ 

 ϝϠ мϚϸтм ФЯ϶ ϤлϮϼтмϝЊϦ ϞтͭϼϦ

ϸϜϾϐ ϸтϸ йАЧж 
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Multi-Camera Systems 

ÅSingle camera, but acting 
like multiple cameras 

ð3D reconstruction 
from video, e.g. SfM 
(Structure from 
motion) 

ðSimultaneous 
localization and 
mapping (SLAM) 

 ͫϼϲϦв дтϠϼмϸ ͬт ϾϜ иϸϝУϦЂϜ

 ϸжͧ аϦЂтЂ йϠϝІв ͼкϸϾϝϠ йͭ

ϸϼϜϸ ͼжтϠϼмϸ 
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Challenges 

Å It is still practically impossible to 
generate 

ðTruly navigatable free 
viewpoint video 

ðPhoto realistic 3D 
modelling of scenes 

Å One of the fundamental Issues 

ðKnowing little on how  
well a multi-camera 
system captures the 
wanted information 

 ͼͮтжͮϦ ϼДж ϾϜ ϼтϾ ϸϼϜмв Ͼмжк

 ϤЂтжϼЂтв 

 ͻϜϼϜϸ ͼЛЦϜм ͻϝжЛв йϠ йͭ ͻмϚϸтм

ϸІϝϠ ϸϜϾϐ ϸтϸ йАЧж 

 йЂ Ьϸв йжϝтϜϼ͵ ЙЦϜм ͻϾϝЂϾϝϠ

 йжϲЊ ͻϸЛϠ 

 дϝвϸтͧ ͼЂϝЂϜ ЬͮІв ͬт

 дтϼϦлϠ йͭ ϤЂϜ ͼКмж йϠ ϝлжтϠϼмϸ

ϸжͭ Ϻ϶Ϝ йжϲЊ ϾϜ Ϝϼ ϝк иϸϜϸ 
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Existing research 

Å Some researchers have examined converged and diverged camera 

configurations* 

Å Seleting the most suitable images from multi-cameras has also been 

investigated % 

Å Iso-disparity surfaces studied by Pollefeys and Sinha&  

 * V. V. Petrov and K. A. Grebenyuk, òImproved stereoscopic imaging with converged camera configuration,ó in 

Saratov Fall Meeting 2006: Coherent Optics of Ordered and Random Media VII. International Society for 

Optics and Photonics, 2007, pp. 65 360Tð65 360T. 

* X. Song, Y. Wu, L. Yang, and Z. Liu, òObject position measuring based on adjustable dual-view camera,ó in 

Multimedia and Expo Workshops (ICMEW), 2013 IEEE International Conference on, July 2013, pp. 1ð6. 

* T. Yoshida and T. Fukao, òDense 3d reconstruction using a rotational stereo camera,ó in System Integration 

(SII), 2011 IEEE/SICE International Symposium on, Dec 2011, pp. 985ð990. 

%A. Hornung, B. Zeng, and L. Kobbelt, òImage selection for improved multi-view stereo,ó in Computer 

Vision and Pattern Recognition, 2008. CVPR 2008. IEEE Conference on, June 2008, pp. 1ð8. 

& M. Pollefeys and S. Sinha, òIso-disparity surfaces for general stereo configurations,ó in ECCV, ser. Lecture 

Notes in Computer Science. Springer Berlin Heidelberg, 2004, vol. 3023, pp. 509ð520. 
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Free Viewpoint TV/Video 

ÅSmall number of cameras ð Unlimited viewpoints 
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Auto-Stereoscopic 3D Display 
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FVV System 

ÅLight field acquisition 

(sampling),  

ÅLight field 

compression/transmission 

ÅViewpoint rendering 

 

йжϲЊ ϾϜ ϝк иϸϜϸ ͻϼмϐϸϼ͵ 

ϝк иϸϜϸ ЬϝЂϼϜ м ͻϾϝЂ аϮϲ аͭ 

 йАЧж ФЯ϶ ϤлϮ ϝк иϸϜϸ ЄϾϜϸϼ͟

ϼДж ϸϼмв ϸтϸ 

Acquisition Component 

(cameras)
Rendering 

Component
Scene

A priori 

knowledge

User 

viewpoint 

selection
Acquisition optimization

Output

Quality 

assessment

Compression and 

Transmission
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Light Field Acquisition 

ÅHow many cameras? 

ÅHow to arrange them? 

9 
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Classical sampling 

ÅSampling at twice the max 

frequency 

ÅAssumptions: 

ðBand-limited signal 

ðRegularly spaced samples 

ðLinear interpolation of the 

samples 

ÅThis model results in an 

impractically large number 

of cameras* 

 

 

* e.g. C. Zhang and T. Chen, "Spectral analysis for sampling image-based rendering data," IEEE Transactions on 

Circuits and Systems for Video Technology, vol. 13, pp. 1038-1050, 2003. 
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Adaptive sampling 

ÅFrequently used in computer graphics 
ðBasic idea: adaptively distribute more samples on pixels 

with large errors for rendering 

ðMany approaches: [Mitchell, 1987], [Bala et al., 2003], 

[Rousselle, et al., 2011] 
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Light Field Acquisition 

ÅUniform sampling (or camera grid) is not optimal 

Complexity map 

Optimum camera arrangement 

H. Shidanshidi, F. Safaei, A. Zamani-Farahani, and L. Wanqing, "Non-uniform sampling of plenoptic signal based on the 

scene complexity variations for a free viewpoint video system," in Image Processing (ICIP), 2013 20th IEEE 

International Conference on, 2013, pp. 3147-3151. 
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Viewpoint selection problem: 

ÅWhich views are the most informative? 
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Information theory 

ÅCommunication channel X     Y: 



Farzad Safaei 

Slide 15 

Viewpoint selection 

ÅModel as an information channel [sbert et al 2006] 
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Viewpoint selection 

ÅSelect those that have min mutual information 
 

ð  
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Viewpoint selection 

ÅSimilar approaches for saliency and importance 
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Mathematical representation of cameras 

ÅWe recently introduced 

the concept of 

Correspondence Field 

(CF) 

ÅCF determines the 

spatial relationship 

between the cameras 

and the objects in the 

scene 

Correspondence field 

 иϸжжͭ дттЛϦ ͼЎϝтϼ ϼДж ϾϜ

 ϝтІϜ м ϝлжтϠϼмϸ дтϠ йАϠϜϼ

ϤЂϜ йжϲЊ ϼϸ ϸмϮмв 
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 Objects in the scene 
 

2-Points 

2-Surfaces 

n 

Correspondence field 
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a1 

a2 

Correspondence Field 


