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Lecture 15: Panoramas 

CS4670 / 5670 : Computer Vision 
Noah Snavely 

²ƘŀǘΩǎ ƛƴǎƛŘŜ ȅƻǳǊ ŦǊƛŘƎŜΚ 
http://www.cs.washington.edu/education/courses/cse590ss/01wi/ 

Reading 

ÅSzeliski Chapter 9 

http://www.cs.washington.edu/education/courses/cse590ss/01wi/projects/project1/students/dougz/siggraph-hires.html
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Announcements 

ÅProject 3 out soon 

 

ÅTake-home prelim after Fall break 

 

ÅNo Kyle office hours today 

Can we use homography to create a 
360 panorama? 
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Idea: projecting images onto a 
common plane 

mosaic PP 

each image is warped 
with a homography 

²ŜΩƭƭ ǎŜŜ ǿƘŀǘ ǘƘƛǎ ƘƻƳƻƎǊŀǇƘ ƳŜŀƴǎ ƭŀǘŜǊΦ 

First -- /ŀƴΩǘ ŎǊŜŀǘŜ ŀ осл ǇŀƴƻǊŀƳŀ ǘƘƛǎ ǿŀȅΧ 

Panoramas 

ÅWhat if you want a 360̄ field of view? 

mosaic Projection Sphere 
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ïMap 3D point (X,Y,Z) onto sphere 

Spherical projection 

X 

Y 

Z 

unit sphere 

unwrapped sphere 

ÅConvert to spherical coordinates 

Spherical image 

ÅConvert to spherical image coordinates 

ïs defines size of the final image 

» often convenient to set s = camera focal length 
in pixels 

f = 200 (pixels) 

Spherical reprojection 

ÅMap image to spherical coordinates 

ïneed to know the focal length 

input f = 800 f = 400 
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Radial (lens) Distortion 

 

Modeling distortion 

ÅTo model lens distortion with panoramas 
ïUse above projection operation after projecting onto a 

sphere 

Apply radial distortion 

Apply focal length  
translate image center 

Project                 
ǘƻ άƴƻǊƳŀƭƛȊŜŘέ  

image coordinates 
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Aligning spherical images 

ÅSuppose we rotate the camera by q about the vertical axis 
ïHow does this change the spherical image? 

Aligning spherical images 

ÅSuppose we rotate the camera by q about the vertical axis 
ïHow does this change the spherical image? 

ï Translation by q 

ïThis means that we can align spherical images by translation 
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Assembling the panorama 

ÅStitch pairs together, blend, then crop 

Problem:  Drift 

ÅError accumulation 

ïsmall errors accumulate over time 
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Problem:  Drift 

ÅSolution 
ïadd another copy of first image at the end 

ï this gives a constraint:  yn = y1 

ï there are a bunch of ways to solve this problem 
Åadd displacement of (y1 ς yn)/(n -1) to each image after the first 

ÅŀǇǇƭȅ ŀƴ ŀŦŦƛƴŜ ǿŀǊǇΥ  ȅΩ Ґ ȅ Ҍ ŀȄ ώȅƻǳ ǿƛƭƭ ƛƳǇƭŜƳŜƴǘ ǘƘƛǎ ŦƻǊ tоϐ 

Årun a big optimization problem, incorporating this constraint 
ïbest solution, but more complicated 

ïƪƴƻǿƴ ŀǎ άōǳƴŘƭŜ ŀŘƧǳǎǘƳŜƴǘέ 

(x1,y1) 

copy of first image 

(xn,yn) 

Project 3 

Å Take pictures on a tripod (or handheld) 

Å Warp to spherical coordinates (optional if 
using homographies to align images) 

Å Extract features 

Å Align neighboring pairs using RANSAC 

Å Write out list of neighboring translations 

Å Correct for drift 

Å Read in warped images and blend them 

Å Crop the result and import into a viewer 

 

Å Roughly based on Autostitch  

ï By Matthew Brown and David Lowe 

ï http://www.cs.ubc.ca/~mbrown/autostitch/auto
stitch.html  

http://www.cs.ubc.ca/~mbrown/autostitch/autostitch.html
http://www.cs.ubc.ca/~mbrown/autostitch/autostitch.html
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Unwrapping a sphere 

/ǊŜŘƛǘΥ WI¢Ωǎ tƭŀƴŜǘŀǊȅ tƛȄŜƭ 9ƳǇƻǊƛǳƳ 

+ 

+ 

+ 

+ 

 Microsoft Lobby: http://www.acm.org/pubs/citations/proceedings/graph/258734/p251-szeliski 

Spherical panoramas 

http://www.acm.org/pubs/citations/proceedings/graph/258734/p251-szeliski/
http://www.acm.org/pubs/citations/proceedings/graph/258734/p251-szeliski/
http://www.acm.org/pubs/citations/proceedings/graph/258734/p251-szeliski/
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Different projections are possible 

Blending 

Å²ŜΩǾŜ ŀƭƛƎƴŜŘ ǘƘŜ ƛƳŀƎŜǎ ς now what? 
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Blending 

ÅWant to seamlessly blend them together 

Image Blending 
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Feathering 

0 
1 

0 
1 

+ 

= 

Effect of window size 

0 

1 left 

right 

0 

1 
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0 

1 

0 

1 

Effect of window size 

Good window size 

0 

1 

άhǇǘƛƳŀƭέ ǿƛƴŘƻǿΥ  ǎƳƻƻǘƘ ōǳǘ ƴƻǘ ƎƘƻǎǘŜŘ 

ω5ƻŜǎƴΩǘ ŀƭǿŀȅǎ ǿƻǊƪΦΦΦ 
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Pyramid blending 

Create a Laplacian pyramid, blend each level 
ω Burt, P. J. and Adelson, E. H., A multiresolution spline with applications to image mosaics, ACM Transactions on 

Graphics, 42(4), October 1983, 217-236.  

Gaussian Pyramid Laplacian Pyramid 

The Laplacian Pyramid 

0G

1G

2G
nG

- = 

0L

- = 
1L

- = 2L

nn GL =

)expand( 1+-= iii GGL

)expand( 1++= iii GLG

http://www-bcs.mit.edu/people/adelson/publications/abstracts/spline83.html
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Encoding blend weights:   I(x,y) = (aR, aG, aB, a)  

color at p = 

Implement this in two steps: 

1.  accumulate:  add up the (a premultiplied) RGBa values at each pixel 

2.  normalize:  divide each pixelôs accumulated RGB by its a value 

Q:  what if a = 0? 

Alpha Blending 

Optional:  see Blinn (CGA, 1994) for details: 

http://ieeexplore.ieee.org/iel1/38/7531/00310740.pdf?isNumb

er=7531&prod=JNL&arnumber=310740&arSt=83&ared=87&a

rAuthor=Blinn%2C+J.F.  

I1 

I2 

I3 

p 

Poisson Image Editing 

ÅFor more info:  Perez et al, SIGGRAPH 2003 
ï http://research.microsoft.com/vision/cambridge/papers/perez_siggraph03.pdf  

http://ieeexplore.ieee.org/iel1/38/7531/00310740.pdf?isNumber=7531&prod=JNL&arnumber=310740&arSt=83&ared=87&arAuthor=Blinn,+J.F
http://ieeexplore.ieee.org/iel1/38/7531/00310740.pdf?isNumber=7531&prod=JNL&arnumber=310740&arSt=83&ared=87&arAuthor=Blinn,+J.F
http://ieeexplore.ieee.org/iel1/38/7531/00310740.pdf?isNumber=7531&prod=JNL&arnumber=310740&arSt=83&ared=87&arAuthor=Blinn,+J.F
http://research.microsoft.com/vision/cambridge/papers/perez_siggraph03.pdf

