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Review

A Descriptors
A Matching
A Computing Transformation
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interest point neighborhood around normalized neighborhood
interest point around interest point
201 45 56 200 156 145 1
46 201 200 155 0 1
85 101 105 116 100 96

A The simple descriptor just subtracts the center value from each of
the neighbors, including itself to normalize for lighting and exposure.

A We can store this as a 1D vector to be efficient:
156 145115501 116 100 96



Properties of our Descriptor
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Rotation invariance

A Rotate patch according to its dominant gradient
orientation
A This puts the patches into a canonical orientation.

Image from Matthew Brown



Orientation Normalization
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Once we have found the key points and a dominant orientation for each,

we need todescribethe (rotated and scalepneighborhood about each.

128-dimensional vector
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Image gradients Keypoint descriptor

Adapted from slide by David Lowe 8



Full version SI FT descriptor

A Divide the 16x16 window into a 4x4 grid of cells
A Compute an orientation histogram for each cell
A 16 cells * 8 orientations = 128 dimensional descriptor







Matching with Features

Metect feature points in both images

Acind corresponding pairs
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Find the best matches

A For each descriptor a in A, find its best match b
B

A B M

A And store it in a vector of matches
A Note: this is abstract: see code for details.



A Larger Goal: Combine two or more
overlapping images to make one larger image

Slide credit: Vaibhav “Q/céish



http://robots.stanford.edu/cs223b07/notes/CS223B-L11-Panoramas.ppt

Simple case: translations

(x7,¥1)

Displacement of match = (X; — X4, y;; — yi)

1 — 1 —
(Xt,yt) = (EZX;}X?I:EZY;:YQZ)
1=1 1=1
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Solvmg for homographies
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Solving for homographies

!  hoo hoir ho2 | |
y: | = | hig h11 hio Yi
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hooz; + ho1¥; + ho2
hoox; + h21y; + hoo
) = hiox; + h11y; + hio
hoow; + h21y; + hoo
Why the division?

r, —

hoox; + ho1y; + hoo
hior; + h11y; + hio

z;(hoow; + ho1y; + hoo)
y:(hoow; + ho1y; + hoo)




Solving for homographies
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w Sinceh is only defined up to scale, solve for unit vehor
w Solution:hh = eigenvector (A1 A with smallest eigenvalue

w Works with 4 or more points
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Direct Linear Transforms
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Answer from Sameer Agarwal
(Dr. Rome in a Day)
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Colosseum: 2,097 images, 819,242 points Trevi Fountain: 1,935 images, 1,055,153 points
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Matching features
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Find corners in both images

Calculate descriptors

Match descriptors

RANSAC to find homography

Stitch together images with homography



Stitching panoramas:

- We know homography is right choice under certain assumptior
Assume we are taking multiple images of planar object

3D

Object Plane
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In practice:
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Very bad for big panoramas!
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How do we fix it? Cylinders!
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How do we fix- mders!
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How do we fix- mders!
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How do we fix it? Cylinders!

Calculate angle and height: v 2
0= (x-xc)/f *
h=(y-yc)/#

Find unit cylindrical coords:

X’ =sin(0)

Y =h

Z' = cos(0)

Project to image plane:
x'=tX'/Z' + xc
y' =tY'/Z' + yc
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Dependant on focal length!
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f =300 f =500










f = 10,000




F min>Znnn




Does it work? .
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Does it work?




Does it work?
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Does it work?










Where are we?

A We are going to build a panorama from two (or
more) images.

A We need to learn about
I FIinding interest points
I Describing small patches about such points

I Finding matches between pairs of such points on two
Images, using the descriptors

I Selecting the best set of matches and saving them

I Constructinghomographiegtransformations) from
one image to the other and picking the best one

I Stitching the images together to make the panorama









RANSAC for Homograph




Image Blending










Effect of window size




Good window size

Optimal window: smooth but not ghosted
A Doesn t always work...



orange

(d)
Create a Laplacian pyramid, blend each level

A Burt, P. J. and Adelson, E. H., A Multiresolution Spline with Application to Image Mosaics, ACM Transactions on
Graphics, 42(4), October 1983, 217-236. http://persci.mit.edu/pub_pdfs/spline83.pdf




Alpha Blending
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Optional: see Blinn (CGA, 1994) for details:
http://ieeexplore.ieee.org/iel1/38/7531/00310740.pdf?isNumber

=7531&prod=JNL&arnumber=310740&arSt=83&ared=87&arAu

hor=Blinn%2C+J.F.

Encoding blend weights: 1(x,y) = (UR, UG, UB, U)

(a1R1, a1G1, a1B1) 4 (asRo, asGo, asBo) + (a3R3, a3G3, azB3)

coloratp =

Implement this in two steps:

a1+ ax + a3z

1. accumulate: add up the (U premultiplied) RGB values at each pixel

2. normalize: divide each pixel s accumulated RGB by its Uvalue


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

Gain Compensation: Getting rid of artifacts

A Simple gain adjustment

I Compute average RGB intensity of each image in
overlapping region
I Normalize intensities by ratio of averages




Blending Comparison

(d) With gain compensation and multi-band blending



Recognizing Panoramas
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