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How to capture HDR images 

[Sen et al.] 



How to capture HDR images 

Taking multiple images with different 
exposures 

 
Multiple LDR images  an HDR image 



Issues 

• Camera response curves 
 

• Linear format, raw data, de-mosaic 
 

• Well exposed, over-saturated, under-
exposed 



scene radiance 

pixel value 

scene radiance 

irradiance 



So, what is the problem? 



The scene is not static 

non-rigid motion 



Taking multiple images is very useful. 
 
The key is image alignment, in 
particular dense correspondence. 



Super-resolution 
De-noising 
Panorama stitching 
Stereo matching 
Depth, refocusing 
… 
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Example: image super-resolution 

• Extracting a single high-quality image 
from a set of low-resolution images 
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How to take a 72-megapixel image with an 
18-megapixel camera? 

http://images.google.com.tw/imgres?imgurl=http://www.the-digital-picture.com/Images/Other/Canon-EOS-30D-Digital-SLR-Camera-Back.jpg&imgrefurl=http://www.the-digital-picture.com/Reviews/Canon-EOS-30D-Digital-SLR-Camera-Review.aspx&h=281&w=367&sz=31&hl=zh-TW&start=1&tbnid=NZdrOUjwYW10MM:&tbnh=93&tbnw=122&prev=/images?q=camera+back&gbv=2&svnum=10&hl=zh-TW
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If you have a tripod 

Image Stitching 

http://images.google.com.tw/imgres?imgurl=http://www.websiteoptimization.com/speed/tweak/tripod/dutchhill.jpg&imgrefurl=http://www.websiteoptimization.com/speed/tweak/tripod/&h=949&w=812&sz=58&hl=zh-TW&start=1&um=1&tbnid=JmKSdEvqj9ZzKM:&tbnh=148&tbnw=127&prev=/images?q=tripod&svnum=10&um=1&complete=1&hl=zh-TW
http://images.google.com.tw/imgres?imgurl=http://www.the-digital-picture.com/Images/Other/Canon-EOS-30D-Digital-SLR-Camera-Back.jpg&imgrefurl=http://www.the-digital-picture.com/Reviews/Canon-EOS-30D-Digital-SLR-Camera-Review.aspx&h=281&w=367&sz=31&hl=zh-TW&start=1&tbnid=NZdrOUjwYW10MM:&tbnh=93&tbnw=122&prev=/images?q=camera+back&gbv=2&svnum=10&hl=zh-TW
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A different way of sampling 

http://images.google.com.tw/imgres?imgurl=http://www.the-digital-picture.com/Images/Other/Canon-EOS-30D-Digital-SLR-Camera-Back.jpg&imgrefurl=http://www.the-digital-picture.com/Reviews/Canon-EOS-30D-Digital-SLR-Camera-Review.aspx&h=281&w=367&sz=31&hl=zh-TW&start=1&tbnid=NZdrOUjwYW10MM:&tbnh=93&tbnw=122&prev=/images?q=camera+back&gbv=2&svnum=10&hl=zh-TW
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A different way of sampling 

http://images.google.com.tw/imgres?imgurl=http://www.the-digital-picture.com/Images/Other/Canon-EOS-30D-Digital-SLR-Camera-Back.jpg&imgrefurl=http://www.the-digital-picture.com/Reviews/Canon-EOS-30D-Digital-SLR-Camera-Review.aspx&h=281&w=367&sz=31&hl=zh-TW&start=1&tbnid=NZdrOUjwYW10MM:&tbnh=93&tbnw=122&prev=/images?q=camera+back&gbv=2&svnum=10&hl=zh-TW


Super-resolution 
De-noising 
Panorama stitching 
Stereo matching 
Depth, refocusing 
… 
High dynamic range reconstruction 
 



Beam splitter 





Patch-based optimization for HDR 
reconstruction 

Input:   LDR images 
                LDR reference  
 
Output:  HDR image 
 
 



Patch-based optimization for HDR 
reconstruction 

Input:   LDR images 
                LDR reference  
 
Output:  HDR image 
 
 
Desired properties of       ? 



Energy minimization 

fidelity in well exposed regions 

information from  poorly exposed pixels 
patch-based similarity 



(Patch-based) Multisource Bi-
Directional Similarity measure 

1: 完整性  2:一致性 

sourceMaskPyramid 



Bidirectional Similarity Measure 



HDR image synthesis equation 

fidelity in well exposed regions 

information from  poorly exposed pixels 
patch-based similarity 







PatchMatch 

 

Nearest Neighbor Field (NNF) 



Randomized nearest neighbor search 



Using NNF to solve for BDS 

• Search and vote 



So far so good, some discussions 

• Bracketed exposures 
– Changing shutter speed 
– Varying apertures 

• Super-resolution 

 
• Propagate noise in the reference  



Conclusion 

 
• Developing fast nearest neighbor 

search algorithms 
– Very useful in every aspect of image 

processing 
– Optical flow and dense correspondence 
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