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UAV Robotics Augmented  
Reality

• Among all, image-based methods provide a fast way of 
capturing accurate 3D content at a fraction of the cost of 
other approaches. 

Why Does it Matter?

• Goal: Sensing 3D Geometry 



What is MVS
• Multi-view stereo (MVS): use stereo correspondence 

as their main cue and use more than two images to 
extract geometry from photographs.
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What is MVS
• Multi-view stereo (MVS): use stereo correspondence 

as their main cue and use more than two images to 
extract geometry from photographs.

• Lambertian textured surfaces.
• Known camera parameters.

• Input: multiple images with 
calibrated cameras

• Output: dense 3d representation

Credit: Y. Furukawa



Multi-view stereo: Basic idea
• Look for points in space that have photo-consistency.

Credit: Shuhan Shen



Multi-view stereo: Basic idea
• Look for points in space that have photo-consistency.

Credit: Shuhan Shen

Dense	correspondence!!



Summary
• Why?
• capture accurate 3D geometry, and image-

based method is cheap.

• What?
• use stereo correspondence as their main cue 

and use more than two images to extract 
geometry from photographs.

• How?
• Look for points in space that have photo-

consistency.
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Step 1: Source view selection

Depth-map Merging Based Approaches

reference view source view
Credit: Shuhan Shen



Step 2: Depth-map computation

Credit: Shuhan Shen

Depth-map Merging Based Approaches



Step 3: Depth-map merging 

Credit: Shuhan Shen

Depth-map Merging Based Approaches



• Step 1: Source view selection

• Step 2: Depth-map computation

• Step 3: Depth-map merging
Key	steps:	
1.How	to	chose	source	images
2.How	to	compute	depth	map



How to compute depth map



Compute Depth Map: Basic idea
• Look for points in space that have photo-consistency.

Credit: E. Dunn



Compute Depth Map: Basic idea
• Look for points in space that have photo-consistency.

limit on high resolution images Credit: E. Dunn



PatchMatch



PatchMatch

C. Barnes, et. al. “PatchMatch: A randomized correspondence algorithm for structural image editing”. SIGGRAPH 2009 

• A randomized algorithm for rapidly finding 
correspondences between image patches 



PatchMatch

C. Barnes, et. al. “PatchMatch: A randomized correspondence algorithm for structural image editing”. SIGGRAPH 2009 

• Problem definition: 
• Given images A and B, for each overlapping patch in image A, compute the 

offset to the nearest neighbor patch in image B 



Previous Work

Kd-tree with PCA
Credit: Hertzmann

Time:
!(#$%&#)



Key observation one

C. Barnes, et. al. “PatchMatch: A randomized correspondence algorithm for structural image editing”. SIGGRAPH 2009 

• Law of large numbers: a non-trivial fraction of a large field 
of random offset assignments are likely to be good 
guesses 



C. Barnes, et. al. “PatchMatch: A randomized correspondence algorithm for structural image editing”. SIGGRAPH 2009 

• Initialization with random values(or derived from prior 
information)

• ! ", $ = &'()*+ ,'-./

Step 1: Initialization



C. Barnes, et. al. “PatchMatch: A randomized correspondence algorithm for structural image editing”. SIGGRAPH 2009 

• Initialization with random values(or derived from prior 
information)

• ! ", $ = &'()*+ ,'-./

Step 1: Initialization



C. Barnes, et. al. “PatchMatch: A randomized correspondence algorithm for structural image editing”. SIGGRAPH 2009 

• High coherence of nearest neighbors in natural images
• Nearest neighbor of patch at (x,y) should be a strong hint 

for where to find nearest neighbor of patch at (x+1,y) 

Key observation two: spatial coherence 



C. Barnes, et. al. “PatchMatch: A randomized correspondence algorithm for structural image editing”. SIGGRAPH 2009 

Credit: C. Barnes

Key observation two: spatial coherence 



C. Barnes, et. al. “PatchMatch: A randomized correspondence algorithm for structural image editing”. SIGGRAPH 2009 

Credit: C. Barnes

Key observation two: spatial coherence 



C. Barnes, et. al. “PatchMatch: A randomized correspondence algorithm for structural image editing”. SIGGRAPH 2009 

Use Statistics



C. Barnes, et. al. “PatchMatch: A randomized correspondence algorithm for structural image editing”. SIGGRAPH 2009 

• Try to improve offset estimate by 
exploiting spatial coherence with left and 
top neighbor(or right, bottom)

• ! ", $ = &'()*+!(! ", $ , ! " − 1, $ , ! ", $ − 1 )
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C. Barnes, et. al. “PatchMatch: A randomized correspondence algorithm for structural image editing”. SIGGRAPH 2009 

• Try to improve offset estimate by 
exploiting spatial coherence with left and 
top neighbor (or right, bottom)

• ! ", $ = &'()*+!(! ", $ , ! " + 1, $ , ! ", $ + 1 )

Step 2: Propagation



C. Barnes, et. al. “PatchMatch: A randomized correspondence algorithm for structural image editing”. SIGGRAPH 2009 

• Avoiding local minima 
• Random search in the neighborhood 

of the best offset found so far.
• ! ", $ = &'()*+!{2&+3*3&45 26''5786+35+25}

Step 3: Random Search
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• random search in the neighborhood 
of the best offset found so far.
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• random search in the neighborhood 
of the best offset found so far.
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• random search in the neighborhood 
of the best offset found so far.

• ! ", $ = &'()*+!{2&+3*3&45 26''5786+35+25}

Step 3: Random Search

Box width: <":



• random search in the neighborhood 
of the best offset found so far.

• ! ", $ = &'()*+!{2&+3*3&45 26''5786+35+25}

Step 3: Random Search

Box width: 1 pixel



C. Barnes, et. al. “PatchMatch: A randomized correspondence algorithm for structural image editing”. SIGGRAPH 2009 

• random search in the neighborhood 
of the best offset found so far.

• ! ", $ = &'()*+!{2&+3*3&45 26''5786+35+25}

Step 3: Random Search



Summary

• Step 1: Initialization

• Step 2: Propagation

• Step 3: Random Search

Repeat 
until 
converged

• PatchMatch:



Summary

• Step 1: Initialization

• Step 2: Propagation

• Step 3: Random Search

Repeat 
until 
converged

• PatchMatch:

• key insights: 
• some good patch matches can be found via random 

sampling.
• natural coherence in the imagery allows us to 

propagate such matches quickly to surrounding 
areas.



Experiment: 
Reconstruct A using 
patches from B 

Credit: Barnes



Experiment: 
Reconstruct A using 
patches from B 

Credit: Barnes

10-100x	faster	than	kd-tree!



Why does it work?

C. Barnes, et. al. “Patchmatch: A randomized correspondence algorithm for structural image editing”. SIGGRAPH 2009 

• Assume source and target images have equal size (M pixels) and that random 
initialization is used.

• The odds of any one location being assigned the best offset: 1 / M

• But for M pixels:
• The odds of at least one offset being correctly assigned are quite good:

1 − (1 − 1
*)

! E.g. M=10e5, this is (1– 0.367)

If top C nearest neighbors are enough, the odds will be 1 − (1 − !
")

"
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PatchMatch Stereo

M. Bleyer, et. al. “Patchmatch stereo - stereo matching with slanted support windows”, BMVC 2011

• Extend to find an approximate nearest neighbor according to a plane.
• Offset -> depth



PatchMatch Stereo

M. Bleyer, et. al. “Patchmatch stereo - stereo matching with slanted support windows”, BMVC 2011

• Step 1: Initialization

• Step 2: Propagation

• Step 3: Random Search

Repeat 
until 
converged



PatchMatch Stereo

M. Bleyer, et. al. “Patchmatch stereo - stereo matching with slanted support windows”, BMVC 2011
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PatchMatch Stereo

M. Bleyer, et. al. “Patchmatch stereo - stereo matching with slanted support windows”, BMVC 2011



PatchMatch Stereo

M. Bleyer, et. al. “Patchmatch stereo - stereo matching with slanted support windows”, BMVC 2011

• For Each Pixel
• Assign Random Depth and Normal

• For N Iterations
• For Each Pixel
• Propagate Depth and Normal From Neighbor
• Sample New Random Depth and Normal
• Update Depth



PatchMatch Stereo

M. Bleyer, et. al. “Patchmatch stereo - stereo matching with slanted support windows”, BMVC 2011

• For Each Pixel
• Assign Random Depth and Normal

• For N Iterations
• For Each Pixel
• Propagate Depth and Normal From Neighbor
• Sample New Random Depth and Normal
• Update Depth

C
<latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit><latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit><latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit><latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit>

✓l�1, nl�1
<latexit sha1_base64="IZvC9Kw/8hDl492Knmd2AP8wE28=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBhZZEBF0WBHFZwT6gDWEyvW2HTiZh5kaooeinuHGhiFv/w51/47TpQqsHLvdwzr3MnRMmgmt03S+rsLC4tLxSXC2trW9sbtnbOw0dp4pBncUiVq2QahBcQh05CmglCmgUCmiGw8uJ37wDpXksb3GUgB/RvuQ9zigaKbD3OjgApEEmTrzxscx7YJfdijuF85d4M1ImM9QC+7PTjVkagUQmqNZtz03Qz6hCzgSMS51UQ0LZkPahbaikEWg/m14/dg6N0nV6sTIl0ZmqPzcyGmk9ikIzGVEc6HlvIv7ntVPsXfgZl0mKIFn+UC8VDsbOJAqnyxUwFCNDKFPc3OqwAVWUoQmsZELw5r/8lzROK55b8W7OytWrxzyOItknB+SIeOScVMk1qZE6YeSePJEX8mo9WM/Wm/WejxasWYS75Besj2/pc5VF</latexit><latexit sha1_base64="IZvC9Kw/8hDl492Knmd2AP8wE28=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBhZZEBF0WBHFZwT6gDWEyvW2HTiZh5kaooeinuHGhiFv/w51/47TpQqsHLvdwzr3MnRMmgmt03S+rsLC4tLxSXC2trW9sbtnbOw0dp4pBncUiVq2QahBcQh05CmglCmgUCmiGw8uJ37wDpXksb3GUgB/RvuQ9zigaKbD3OjgApEEmTrzxscx7YJfdijuF85d4M1ImM9QC+7PTjVkagUQmqNZtz03Qz6hCzgSMS51UQ0LZkPahbaikEWg/m14/dg6N0nV6sTIl0ZmqPzcyGmk9ikIzGVEc6HlvIv7ntVPsXfgZl0mKIFn+UC8VDsbOJAqnyxUwFCNDKFPc3OqwAVWUoQmsZELw5r/8lzROK55b8W7OytWrxzyOItknB+SIeOScVMk1qZE6YeSePJEX8mo9WM/Wm/WejxasWYS75Besj2/pc5VF</latexit><latexit sha1_base64="IZvC9Kw/8hDl492Knmd2AP8wE28=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBhZZEBF0WBHFZwT6gDWEyvW2HTiZh5kaooeinuHGhiFv/w51/47TpQqsHLvdwzr3MnRMmgmt03S+rsLC4tLxSXC2trW9sbtnbOw0dp4pBncUiVq2QahBcQh05CmglCmgUCmiGw8uJ37wDpXksb3GUgB/RvuQ9zigaKbD3OjgApEEmTrzxscx7YJfdijuF85d4M1ImM9QC+7PTjVkagUQmqNZtz03Qz6hCzgSMS51UQ0LZkPahbaikEWg/m14/dg6N0nV6sTIl0ZmqPzcyGmk9ikIzGVEc6HlvIv7ntVPsXfgZl0mKIFn+UC8VDsbOJAqnyxUwFCNDKFPc3OqwAVWUoQmsZELw5r/8lzROK55b8W7OytWrxzyOItknB+SIeOScVMk1qZE6YeSePJEX8mo9WM/Wm/WejxasWYS75Besj2/pc5VF</latexit><latexit sha1_base64="IZvC9Kw/8hDl492Knmd2AP8wE28=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBhZZEBF0WBHFZwT6gDWEyvW2HTiZh5kaooeinuHGhiFv/w51/47TpQqsHLvdwzr3MnRMmgmt03S+rsLC4tLxSXC2trW9sbtnbOw0dp4pBncUiVq2QahBcQh05CmglCmgUCmiGw8uJ37wDpXksb3GUgB/RvuQ9zigaKbD3OjgApEEmTrzxscx7YJfdijuF85d4M1ImM9QC+7PTjVkagUQmqNZtz03Qz6hCzgSMS51UQ0LZkPahbaikEWg/m14/dg6N0nV6sTIl0ZmqPzcyGmk9ikIzGVEc6HlvIv7ntVPsXfgZl0mKIFn+UC8VDsbOJAqnyxUwFCNDKFPc3OqwAVWUoQmsZELw5r/8lzROK55b8W7OytWrxzyOItknB+SIeOScVMk1qZE6YeSePJEX8mo9WM/Wm/WejxasWYS75Besj2/pc5VF</latexit>

Pl�1
<latexit sha1_base64="V6376czRv9Gh8XO+fK8f0fgYjvo=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBC8GHZF0GNAEI8RzAOSJcxOZpMhM7PLTK8QloC/4MWDIl79Hm/+jZPHQRMLGoqqbrq7olQKi77/7a2srq1vbBa2its7u3v7pYPDhk0yw3idJTIxrYhaLoXmdRQoeSs1nKpI8mY0vJn4zUdurEj0A45SHira1yIWjKKTmrVuLs+DcbdU9iv+FGSZBHNShjlq3dJXp5ewTHGNTFJr24GfYphTg4JJPi52MstTyoa0z9uOaqq4DfPpuWNy6pQeiRPjSiOZqr8ncqqsHanIdSqKA7voTcT/vHaG8XWYC51myDWbLYozSTAhk99JTxjOUI4cocwIdythA2ooQ5dQ0YUQLL68TBoXlcCvBPeX5ert0yyOAhzDCZxBAFdQhTuoQR0YDOEZXuHNS70X7937mLWuePMIj+APvM8f7/mPtQ==</latexit><latexit sha1_base64="V6376czRv9Gh8XO+fK8f0fgYjvo=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBC8GHZF0GNAEI8RzAOSJcxOZpMhM7PLTK8QloC/4MWDIl79Hm/+jZPHQRMLGoqqbrq7olQKi77/7a2srq1vbBa2its7u3v7pYPDhk0yw3idJTIxrYhaLoXmdRQoeSs1nKpI8mY0vJn4zUdurEj0A45SHira1yIWjKKTmrVuLs+DcbdU9iv+FGSZBHNShjlq3dJXp5ewTHGNTFJr24GfYphTg4JJPi52MstTyoa0z9uOaqq4DfPpuWNy6pQeiRPjSiOZqr8ncqqsHanIdSqKA7voTcT/vHaG8XWYC51myDWbLYozSTAhk99JTxjOUI4cocwIdythA2ooQ5dQ0YUQLL68TBoXlcCvBPeX5ert0yyOAhzDCZxBAFdQhTuoQR0YDOEZXuHNS70X7937mLWuePMIj+APvM8f7/mPtQ==</latexit><latexit sha1_base64="V6376czRv9Gh8XO+fK8f0fgYjvo=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBC8GHZF0GNAEI8RzAOSJcxOZpMhM7PLTK8QloC/4MWDIl79Hm/+jZPHQRMLGoqqbrq7olQKi77/7a2srq1vbBa2its7u3v7pYPDhk0yw3idJTIxrYhaLoXmdRQoeSs1nKpI8mY0vJn4zUdurEj0A45SHira1yIWjKKTmrVuLs+DcbdU9iv+FGSZBHNShjlq3dJXp5ewTHGNTFJr24GfYphTg4JJPi52MstTyoa0z9uOaqq4DfPpuWNy6pQeiRPjSiOZqr8ncqqsHanIdSqKA7voTcT/vHaG8XWYC51myDWbLYozSTAhk99JTxjOUI4cocwIdythA2ooQ5dQ0YUQLL68TBoXlcCvBPeX5ert0yyOAhzDCZxBAFdQhTuoQR0YDOEZXuHNS70X7937mLWuePMIj+APvM8f7/mPtQ==</latexit><latexit sha1_base64="V6376czRv9Gh8XO+fK8f0fgYjvo=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBC8GHZF0GNAEI8RzAOSJcxOZpMhM7PLTK8QloC/4MWDIl79Hm/+jZPHQRMLGoqqbrq7olQKi77/7a2srq1vbBa2its7u3v7pYPDhk0yw3idJTIxrYhaLoXmdRQoeSs1nKpI8mY0vJn4zUdurEj0A45SHira1yIWjKKTmrVuLs+DcbdU9iv+FGSZBHNShjlq3dJXp5ewTHGNTFJr24GfYphTg4JJPi52MstTyoa0z9uOaqq4DfPpuWNy6pQeiRPjSiOZqr8ncqqsHanIdSqKA7voTcT/vHaG8XWYC51myDWbLYozSTAhk99JTxjOUI4cocwIdythA2ooQ5dQ0YUQLL68TBoXlcCvBPeX5ert0yyOAhzDCZxBAFdQhTuoQR0YDOEZXuHNS70X7937mLWuePMIj+APvM8f7/mPtQ==</latexit> ✓l�1, nl�1

<latexit sha1_base64="IZvC9Kw/8hDl492Knmd2AP8wE28=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBhZZEBF0WBHFZwT6gDWEyvW2HTiZh5kaooeinuHGhiFv/w51/47TpQqsHLvdwzr3MnRMmgmt03S+rsLC4tLxSXC2trW9sbtnbOw0dp4pBncUiVq2QahBcQh05CmglCmgUCmiGw8uJ37wDpXksb3GUgB/RvuQ9zigaKbD3OjgApEEmTrzxscx7YJfdijuF85d4M1ImM9QC+7PTjVkagUQmqNZtz03Qz6hCzgSMS51UQ0LZkPahbaikEWg/m14/dg6N0nV6sTIl0ZmqPzcyGmk9ikIzGVEc6HlvIv7ntVPsXfgZl0mKIFn+UC8VDsbOJAqnyxUwFCNDKFPc3OqwAVWUoQmsZELw5r/8lzROK55b8W7OytWrxzyOItknB+SIeOScVMk1qZE6YeSePJEX8mo9WM/Wm/WejxasWYS75Besj2/pc5VF</latexit><latexit sha1_base64="IZvC9Kw/8hDl492Knmd2AP8wE28=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBhZZEBF0WBHFZwT6gDWEyvW2HTiZh5kaooeinuHGhiFv/w51/47TpQqsHLvdwzr3MnRMmgmt03S+rsLC4tLxSXC2trW9sbtnbOw0dp4pBncUiVq2QahBcQh05CmglCmgUCmiGw8uJ37wDpXksb3GUgB/RvuQ9zigaKbD3OjgApEEmTrzxscx7YJfdijuF85d4M1ImM9QC+7PTjVkagUQmqNZtz03Qz6hCzgSMS51UQ0LZkPahbaikEWg/m14/dg6N0nV6sTIl0ZmqPzcyGmk9ikIzGVEc6HlvIv7ntVPsXfgZl0mKIFn+UC8VDsbOJAqnyxUwFCNDKFPc3OqwAVWUoQmsZELw5r/8lzROK55b8W7OytWrxzyOItknB+SIeOScVMk1qZE6YeSePJEX8mo9WM/Wm/WejxasWYS75Besj2/pc5VF</latexit><latexit sha1_base64="IZvC9Kw/8hDl492Knmd2AP8wE28=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBhZZEBF0WBHFZwT6gDWEyvW2HTiZh5kaooeinuHGhiFv/w51/47TpQqsHLvdwzr3MnRMmgmt03S+rsLC4tLxSXC2trW9sbtnbOw0dp4pBncUiVq2QahBcQh05CmglCmgUCmiGw8uJ37wDpXksb3GUgB/RvuQ9zigaKbD3OjgApEEmTrzxscx7YJfdijuF85d4M1ImM9QC+7PTjVkagUQmqNZtz03Qz6hCzgSMS51UQ0LZkPahbaikEWg/m14/dg6N0nV6sTIl0ZmqPzcyGmk9ikIzGVEc6HlvIv7ntVPsXfgZl0mKIFn+UC8VDsbOJAqnyxUwFCNDKFPc3OqwAVWUoQmsZELw5r/8lzROK55b8W7OytWrxzyOItknB+SIeOScVMk1qZE6YeSePJEX8mo9WM/Wm/WejxasWYS75Besj2/pc5VF</latexit><latexit sha1_base64="IZvC9Kw/8hDl492Knmd2AP8wE28=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBhZZEBF0WBHFZwT6gDWEyvW2HTiZh5kaooeinuHGhiFv/w51/47TpQqsHLvdwzr3MnRMmgmt03S+rsLC4tLxSXC2trW9sbtnbOw0dp4pBncUiVq2QahBcQh05CmglCmgUCmiGw8uJ37wDpXksb3GUgB/RvuQ9zigaKbD3OjgApEEmTrzxscx7YJfdijuF85d4M1ImM9QC+7PTjVkagUQmqNZtz03Qz6hCzgSMS51UQ0LZkPahbaikEWg/m14/dg6N0nV6sTIl0ZmqPzcyGmk9ikIzGVEc6HlvIv7ntVPsXfgZl0mKIFn+UC8VDsbOJAqnyxUwFCNDKFPc3OqwAVWUoQmsZELw5r/8lzROK55b8W7OytWrxzyOItknB+SIeOScVMk1qZE6YeSePJEX8mo9WM/Wm/WejxasWYS75Besj2/pc5VF</latexit>

Pl
<latexit sha1_base64="HJJiaHVd9XHZ5+hglCaBR42i+QM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNBEI8VTFtoQ9lsJ+3SzSbsboQSCv4DLx4U8eoP8ua/cdP2oK0PBh7vzTAzL0wF18Z1v53S2vrG5lZ5u7Kzu7d/UD08aukkUwx9lohEdUKqUXCJvuFGYCdVSONQYDsc3xR++xGV5ol8MJMUg5gOJY84o8ZKfrOfi2m/WnPr7gxklXgLUoMFmv3qV2+QsCxGaZigWnc9NzVBTpXhTOC00ss0ppSN6RC7lkoaow7y2bFTcmaVAYkSZUsaMlN/T+Q01noSh7Yzpmakl71C/M/rZia6DnIu08ygZPNFUSaISUjxORlwhcyIiSWUKW5vJWxEFWXG5lOxIXjLL6+S1kXdc+ve/WWtcfs0j6MMJ3AK5+DBFTTgDprgAwMOz/AKb450Xpx352PeWnIWER7DHzifPxPwj0M=</latexit><latexit sha1_base64="HJJiaHVd9XHZ5+hglCaBR42i+QM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNBEI8VTFtoQ9lsJ+3SzSbsboQSCv4DLx4U8eoP8ua/cdP2oK0PBh7vzTAzL0wF18Z1v53S2vrG5lZ5u7Kzu7d/UD08aukkUwx9lohEdUKqUXCJvuFGYCdVSONQYDsc3xR++xGV5ol8MJMUg5gOJY84o8ZKfrOfi2m/WnPr7gxklXgLUoMFmv3qV2+QsCxGaZigWnc9NzVBTpXhTOC00ss0ppSN6RC7lkoaow7y2bFTcmaVAYkSZUsaMlN/T+Q01noSh7Yzpmakl71C/M/rZia6DnIu08ygZPNFUSaISUjxORlwhcyIiSWUKW5vJWxEFWXG5lOxIXjLL6+S1kXdc+ve/WWtcfs0j6MMJ3AK5+DBFTTgDprgAwMOz/AKb450Xpx352PeWnIWER7DHzifPxPwj0M=</latexit><latexit sha1_base64="HJJiaHVd9XHZ5+hglCaBR42i+QM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNBEI8VTFtoQ9lsJ+3SzSbsboQSCv4DLx4U8eoP8ua/cdP2oK0PBh7vzTAzL0wF18Z1v53S2vrG5lZ5u7Kzu7d/UD08aukkUwx9lohEdUKqUXCJvuFGYCdVSONQYDsc3xR++xGV5ol8MJMUg5gOJY84o8ZKfrOfi2m/WnPr7gxklXgLUoMFmv3qV2+QsCxGaZigWnc9NzVBTpXhTOC00ss0ppSN6RC7lkoaow7y2bFTcmaVAYkSZUsaMlN/T+Q01noSh7Yzpmakl71C/M/rZia6DnIu08ygZPNFUSaISUjxORlwhcyIiSWUKW5vJWxEFWXG5lOxIXjLL6+S1kXdc+ve/WWtcfs0j6MMJ3AK5+DBFTTgDprgAwMOz/AKb450Xpx352PeWnIWER7DHzifPxPwj0M=</latexit><latexit sha1_base64="HJJiaHVd9XHZ5+hglCaBR42i+QM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNBEI8VTFtoQ9lsJ+3SzSbsboQSCv4DLx4U8eoP8ua/cdP2oK0PBh7vzTAzL0wF18Z1v53S2vrG5lZ5u7Kzu7d/UD08aukkUwx9lohEdUKqUXCJvuFGYCdVSONQYDsc3xR++xGV5ol8MJMUg5gOJY84o8ZKfrOfi2m/WnPr7gxklXgLUoMFmv3qV2+QsCxGaZigWnc9NzVBTpXhTOC00ss0ppSN6RC7lkoaow7y2bFTcmaVAYkSZUsaMlN/T+Q01noSh7Yzpmakl71C/M/rZia6DnIu08ygZPNFUSaISUjxORlwhcyIiSWUKW5vJWxEFWXG5lOxIXjLL6+S1kXdc+ve/WWtcfs0j6MMJ3AK5+DBFTTgDprgAwMOz/AKb450Xpx352PeWnIWER7DHzifPxPwj0M=</latexit>



PatchMatch Stereo
• For Each Pixel

• Assign Random Depth and Normal
• For N Iterations

• For Each Pixel
• Propagate Depth and Normal From Neighbor
• Sample New Random Depth and Normal
• Update Depth

C
<latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit><latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit><latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit><latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit>

✓l�1, nl�1
<latexit sha1_base64="IZvC9Kw/8hDl492Knmd2AP8wE28=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBhZZEBF0WBHFZwT6gDWEyvW2HTiZh5kaooeinuHGhiFv/w51/47TpQqsHLvdwzr3MnRMmgmt03S+rsLC4tLxSXC2trW9sbtnbOw0dp4pBncUiVq2QahBcQh05CmglCmgUCmiGw8uJ37wDpXksb3GUgB/RvuQ9zigaKbD3OjgApEEmTrzxscx7YJfdijuF85d4M1ImM9QC+7PTjVkagUQmqNZtz03Qz6hCzgSMS51UQ0LZkPahbaikEWg/m14/dg6N0nV6sTIl0ZmqPzcyGmk9ikIzGVEc6HlvIv7ntVPsXfgZl0mKIFn+UC8VDsbOJAqnyxUwFCNDKFPc3OqwAVWUoQmsZELw5r/8lzROK55b8W7OytWrxzyOItknB+SIeOScVMk1qZE6YeSePJEX8mo9WM/Wm/WejxasWYS75Besj2/pc5VF</latexit><latexit sha1_base64="IZvC9Kw/8hDl492Knmd2AP8wE28=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBhZZEBF0WBHFZwT6gDWEyvW2HTiZh5kaooeinuHGhiFv/w51/47TpQqsHLvdwzr3MnRMmgmt03S+rsLC4tLxSXC2trW9sbtnbOw0dp4pBncUiVq2QahBcQh05CmglCmgUCmiGw8uJ37wDpXksb3GUgB/RvuQ9zigaKbD3OjgApEEmTrzxscx7YJfdijuF85d4M1ImM9QC+7PTjVkagUQmqNZtz03Qz6hCzgSMS51UQ0LZkPahbaikEWg/m14/dg6N0nV6sTIl0ZmqPzcyGmk9ikIzGVEc6HlvIv7ntVPsXfgZl0mKIFn+UC8VDsbOJAqnyxUwFCNDKFPc3OqwAVWUoQmsZELw5r/8lzROK55b8W7OytWrxzyOItknB+SIeOScVMk1qZE6YeSePJEX8mo9WM/Wm/WejxasWYS75Besj2/pc5VF</latexit><latexit sha1_base64="IZvC9Kw/8hDl492Knmd2AP8wE28=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBhZZEBF0WBHFZwT6gDWEyvW2HTiZh5kaooeinuHGhiFv/w51/47TpQqsHLvdwzr3MnRMmgmt03S+rsLC4tLxSXC2trW9sbtnbOw0dp4pBncUiVq2QahBcQh05CmglCmgUCmiGw8uJ37wDpXksb3GUgB/RvuQ9zigaKbD3OjgApEEmTrzxscx7YJfdijuF85d4M1ImM9QC+7PTjVkagUQmqNZtz03Qz6hCzgSMS51UQ0LZkPahbaikEWg/m14/dg6N0nV6sTIl0ZmqPzcyGmk9ikIzGVEc6HlvIv7ntVPsXfgZl0mKIFn+UC8VDsbOJAqnyxUwFCNDKFPc3OqwAVWUoQmsZELw5r/8lzROK55b8W7OytWrxzyOItknB+SIeOScVMk1qZE6YeSePJEX8mo9WM/Wm/WejxasWYS75Besj2/pc5VF</latexit><latexit sha1_base64="IZvC9Kw/8hDl492Knmd2AP8wE28=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBhZZEBF0WBHFZwT6gDWEyvW2HTiZh5kaooeinuHGhiFv/w51/47TpQqsHLvdwzr3MnRMmgmt03S+rsLC4tLxSXC2trW9sbtnbOw0dp4pBncUiVq2QahBcQh05CmglCmgUCmiGw8uJ37wDpXksb3GUgB/RvuQ9zigaKbD3OjgApEEmTrzxscx7YJfdijuF85d4M1ImM9QC+7PTjVkagUQmqNZtz03Qz6hCzgSMS51UQ0LZkPahbaikEWg/m14/dg6N0nV6sTIl0ZmqPzcyGmk9ikIzGVEc6HlvIv7ntVPsXfgZl0mKIFn+UC8VDsbOJAqnyxUwFCNDKFPc3OqwAVWUoQmsZELw5r/8lzROK55b8W7OytWrxzyOItknB+SIeOScVMk1qZE6YeSePJEX8mo9WM/Wm/WejxasWYS75Besj2/pc5VF</latexit>

Pl�1
<latexit sha1_base64="V6376czRv9Gh8XO+fK8f0fgYjvo=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBC8GHZF0GNAEI8RzAOSJcxOZpMhM7PLTK8QloC/4MWDIl79Hm/+jZPHQRMLGoqqbrq7olQKi77/7a2srq1vbBa2its7u3v7pYPDhk0yw3idJTIxrYhaLoXmdRQoeSs1nKpI8mY0vJn4zUdurEj0A45SHira1yIWjKKTmrVuLs+DcbdU9iv+FGSZBHNShjlq3dJXp5ewTHGNTFJr24GfYphTg4JJPi52MstTyoa0z9uOaqq4DfPpuWNy6pQeiRPjSiOZqr8ncqqsHanIdSqKA7voTcT/vHaG8XWYC51myDWbLYozSTAhk99JTxjOUI4cocwIdythA2ooQ5dQ0YUQLL68TBoXlcCvBPeX5ert0yyOAhzDCZxBAFdQhTuoQR0YDOEZXuHNS70X7937mLWuePMIj+APvM8f7/mPtQ==</latexit><latexit sha1_base64="V6376czRv9Gh8XO+fK8f0fgYjvo=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBC8GHZF0GNAEI8RzAOSJcxOZpMhM7PLTK8QloC/4MWDIl79Hm/+jZPHQRMLGoqqbrq7olQKi77/7a2srq1vbBa2its7u3v7pYPDhk0yw3idJTIxrYhaLoXmdRQoeSs1nKpI8mY0vJn4zUdurEj0A45SHira1yIWjKKTmrVuLs+DcbdU9iv+FGSZBHNShjlq3dJXp5ewTHGNTFJr24GfYphTg4JJPi52MstTyoa0z9uOaqq4DfPpuWNy6pQeiRPjSiOZqr8ncqqsHanIdSqKA7voTcT/vHaG8XWYC51myDWbLYozSTAhk99JTxjOUI4cocwIdythA2ooQ5dQ0YUQLL68TBoXlcCvBPeX5ert0yyOAhzDCZxBAFdQhTuoQR0YDOEZXuHNS70X7937mLWuePMIj+APvM8f7/mPtQ==</latexit><latexit sha1_base64="V6376czRv9Gh8XO+fK8f0fgYjvo=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBC8GHZF0GNAEI8RzAOSJcxOZpMhM7PLTK8QloC/4MWDIl79Hm/+jZPHQRMLGoqqbrq7olQKi77/7a2srq1vbBa2its7u3v7pYPDhk0yw3idJTIxrYhaLoXmdRQoeSs1nKpI8mY0vJn4zUdurEj0A45SHira1yIWjKKTmrVuLs+DcbdU9iv+FGSZBHNShjlq3dJXp5ewTHGNTFJr24GfYphTg4JJPi52MstTyoa0z9uOaqq4DfPpuWNy6pQeiRPjSiOZqr8ncqqsHanIdSqKA7voTcT/vHaG8XWYC51myDWbLYozSTAhk99JTxjOUI4cocwIdythA2ooQ5dQ0YUQLL68TBoXlcCvBPeX5ert0yyOAhzDCZxBAFdQhTuoQR0YDOEZXuHNS70X7937mLWuePMIj+APvM8f7/mPtQ==</latexit><latexit sha1_base64="V6376czRv9Gh8XO+fK8f0fgYjvo=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBC8GHZF0GNAEI8RzAOSJcxOZpMhM7PLTK8QloC/4MWDIl79Hm/+jZPHQRMLGoqqbrq7olQKi77/7a2srq1vbBa2its7u3v7pYPDhk0yw3idJTIxrYhaLoXmdRQoeSs1nKpI8mY0vJn4zUdurEj0A45SHira1yIWjKKTmrVuLs+DcbdU9iv+FGSZBHNShjlq3dJXp5ewTHGNTFJr24GfYphTg4JJPi52MstTyoa0z9uOaqq4DfPpuWNy6pQeiRPjSiOZqr8ncqqsHanIdSqKA7voTcT/vHaG8XWYC51myDWbLYozSTAhk99JTxjOUI4cocwIdythA2ooQ5dQ0YUQLL68TBoXlcCvBPeX5ert0yyOAhzDCZxBAFdQhTuoQR0YDOEZXuHNS70X7937mLWuePMIj+APvM8f7/mPtQ==</latexit>

Pl
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J. L. Schönberger, et. al. “Pixelwise View Selection for Unstructured Multi-View Stereo”, ECCV 2016



Summary

• Problem Definition: 
• Finding a “good” slanted support 

plane at each pixel. 

• The difference with vanilla PatchMatch
• (offset) -> (depth, normal)



View Selection



• Step 1: Source view selection

• Step 2: Depth-map computation

• Step 3: Depth-map merging
Key	steps:	
1.How	to	chose	source	images
2.How	to	compute	depth	map



View Selection
• How to robustly integrate photo-consistency 

measurements from multiple views? 

Credit: E. Dunn



View Selection
• Coarse visibility estimation via pose clustering

Credit: Schonberger Y. Furukawa. “Towards Internet-scale Multi-view Stereo”, CVPR 2010



Y. Furukawa. “Towards Internet-scale Multi-view Stereo”, CVPR 2010

• Camera Proximity
• Shared Sparse Features 

View Selection
• Coarse visibility estimation via pose clustering

Credit: Schonberger 



View Selection
• Fine-scale visibility estimation

• Good candidate source image ?



View Selection

Shen. “Accurate Multiple View 3D Reconstruction Using Patch Based Stereo for Large-Scale Scenes”, TIP 2013

• Fine-scale visibility estimation

• Good candidate source image ?

• Global
• -> a similar viewing direction as the target image 
• -> a suitable baseline neither too short to 

degenerate the reconstruction accuracy nor too 
long to have less common coverage of the 
scene. 



View Selection

Shen. “Accurate Multiple View 3D Reconstruction Using Patch Based Stereo for Large-Scale Scenes”, TIP 2013

• Fine-scale visibility estimation

• Good candidate source image ?

• Global
• -> a similar viewing direction as the target image 
• -> a suitable baseline neither too short to 

degenerate the reconstruction accuracy nor too 
long to have less common coverage of the 
scene. 

• 5° < ( < 60°
• 0.05, ≤ . ≤ 2,
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Pixel-Level View Selection
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Pixel-Level View Selection
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Image Selection vs Depth Estimation

• visibility requires scene structure and scene structure requires visibility
• This is a chicken-and-egg problem

Credit: S. Shen



Joint Pixel-Level View Selection and 
Depthmap Estimation

E. Zheng, et. al. “Patchmatch based joint view selection and depthmap estimation”, CVPR 2014
J. L. Schönberger, et. al. “Pixelwise View Selection for Unstructured Multi-View Stereo”, ECCV 2016

• Maximum likelihood estimation (MLE):

• Likelihood function =(>, ?, @, A):

• Images:
• > = B#$%, >&'( , >&'( = {>)|D = E…G}

• Depth:
• @ = {@*|H = E…I}

• Normal:
• A = {J*|H = E…I}

• Occlusion indicators:
• ? = ?*) H = E…I,D = E…G ,?*) ∈ {L, E}



Joint Pixel-Level View Selection and 
Depthmap Estimation

E. Zheng, et. al. “Patchmatch based joint view selection and depthmap estimation”, CVPR 2014
J. L. Schönberger, et. al. “Pixelwise View Selection for Unstructured Multi-View Stereo”, ECCV 2016

• Maximum likelihood estimation (MLE):

• Likelihood function =(>, ?, @, A):

• Images:
• > = B#$%, >&'( , >&'( = {>)|D = E…G}

• Depth:
• @ = {@*|H = E…I}

• Normal:
• A = {J*|H = E…I}

• Occlusion indicators:
• ? = ?*) H = E…I,D = E…G ,?*) ∈ {L, E}



Joint Pixel-Level View Selection and 
Depthmap Estimation

E. Zheng, et. al. “Patchmatch based joint view selection and depthmap estimation”, CVPR 2014
J. L. Schönberger, et. al. “Pixelwise View Selection for Unstructured Multi-View Stereo”, ECCV 2016

• Maximum likelihood estimation (MLE):

• Likelihood function =(>, ?, @, A):

If +"# = 1,
, -"# +"#, /" , #" ∝ 1"# /" , #" (color similarity)

If +"# = 0,
0 101 201, 30, (0 = uniform distribution

Photometric prior 



Joint Pixel-Level View Selection and 
Depthmap Estimation

E. Zheng, et. al. “Patchmatch based joint view selection and depthmap estimation”, CVPR 2014
J. L. Schönberger, et. al. “Pixelwise View Selection for Unstructured Multi-View Stereo”, ECCV 2016

• Maximum likelihood estimation (MLE):

• Likelihood function =(>, ?, @, A):

Spatial-temporary smoothness



Joint Pixel-Level View Selection and 
Depthmap Estimation

E. Zheng, et. al. “Patchmatch based joint view selection and depthmap estimation”, CVPR 2014
J. L. Schönberger, et. al. “Pixelwise View Selection for Unstructured Multi-View Stereo”, ECCV 2016

• Maximum likelihood estimation (MLE):

• Likelihood function =(>, ?, @, A):

geometric consistency 

Forward-backward 
reprojection error



Joint Pixel-Level View Selection and 
Depthmap Estimation

E. Zheng, et. al. “Patchmatch based joint view selection and depthmap estimation”, CVPR 2014
J. L. Schönberger, et. al. “Pixelwise View Selection for Unstructured Multi-View Stereo”, ECCV 2016

• Joint likelihood Estimation:



Robustness of Pixel-Level Selection

Pixel-level Baseline

E. Zheng, et. al. “Patchmatch based joint view selection and depthmap estimation”, CVPR 2014



Robustness of Pixel-Level Selection

E. Zheng, et. al. “Patchmatch based joint view selection and depthmap estimation”, CVPR 2014



Summary
• PatchMatch

• A randomized algorithm for rapidly finding correspondences 
between image patches 

• Step
• 1: Initialization
• 2: Propagation
• 3: Random Search

• PatchMatch Stereo
• Finding a “good” slanted support plane at each pixel. 
• Difference from vanilla PatchMatch

• (offset) -> (depth, normal)

• View Selection
• Coarse visibility estimation
• Fine-scale visibility estimation
• Joint Pixel-Level View Selection and Depthmap Estimation
• Pixel-Level occlusion indicator
• chicken-and-egg -> Generalized Expectation maximization



Thanks


