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® Introduction
Image Stitch includes two steps. At first it implies alignment to all the input
images. And then it concatenates all the aligned images and blends the overlap
region between two images to generate the final result: “panorama”. We call the
first step “geometrical registration” because it will change images’ shapes. And
the second step only changes images’ color so we call it “photometric
registration.”
® Applications of image stitching
B Video stabilization
Given one video where the frames are jiggled, it will do some further
processes to stabilize these jiggled frames. And in these processes, we
need to do geometrical registration to align each frame and then
concatenate these aligned frames together.
B Video summarization
Given one video, it will delete some redundant frame in the temporal
domain and only extract some key frame. And then it stitches these
extracted key frames to generate one full-of-scene image. So it
summarizes the temporal information in the video to display into one big
image in a spatial domain.
B Video compression
Given one video where each frames have similar backgrounds and only
their foreground are different, it can extract the foreground information
and make use of the backgrounds’ similarity to do some compression on
the background field.
B Video matting
Given one video, at first it removes the foreground field and leaves one
big hole in the frames, and then it estimates the background information to
reconstruct the big hole.
B Panorama creation
Given many images taken in the same large scene such as playground, it
uses Image Stitch to stitch all these input images to generate one
full-scene image. Through this output image, we can see a whole scene
and it will seem that we still stay there.

® Why panorama?



Humans’ full-of-view is about 200x135°, but the full-of-view of the common
cameras is only about 50x35° which is much narrower than the former. In use
of panorama mosaic, we will have a big picture having full-of-view: 360x180°.
So the panorama can help us to capture the almost the same scene we have truly
experienced.

® 2D motion models

There are four kinds of 2D motion models:

B translation: x’=x+¢ where x=(x,y)
B rotation: x’=Rx+t where x=(x,y)
B similarity: x’=sRx+t where x=(x))
B affine: x’=Ax+t where x=(x,y)
B perspective: x’2Hx where x=(x,),1)
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In the follow, there are some comparison among them
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If the camera shares the same optical center, we can use the 2D transformations

above to synthesize any camera view like the following:
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But when the cameras do not share the same optical center, the 2D
transformation will cause some problems. In the following figure, we can see
that there are two points in the scene, green and red, projecting to the same point
in the synthetic projecting plane. So the 2D transformation won’t work in the

situation.
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If we use the 3D transformation, this problem can be solved.

The goal is to project the 3D point P = (X, ¥, Z)
onto the mosaic projection plane to get the 2D

coordinate p= (u, v). If we know the extrinsic

and intrinsic parameter of camera, we can easily
to do such thing by the formula p=K*R*P where

R is carries the extrinsic parameter information
and K carries the intrinsic parameter information like the following. There are
two kind of projection plane’s coordinates used in 3D motion model. The first
one is rotational and the other is cylindrical. Just as their names, the first method
projects input images onto a mosaic plane in the rotational coordinate and the

second method project them onto a plane in the cylindrical coordinate.



® Estimate the registration parameters
There are two kind of method to estimate the registration parameters. The first
one is “direct method”. It makes use of all the pixels’ information to do
pixel-to-pixel matching to estimate the parameters. The second method is
“feature based method”. This method only uses the feature points in the image
to estimate the parameters.

® Overview of making a cylindrical panorama
1. Take pictures on a tripod (or handheld)
2. Warp to cylindrical coordinate
3. Compute pairwise alignments using the hierarchical Lucas-Kanade algorithm
4. Fix up the end-to-end alignment
5. Blending
6. Crop the result and import into a viewer

® (Cylindrical Projection

With the camera’s focal length, we can

cynlindrical plane | calculate the projection function showed in
the following figure.
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/ But in fact we don’t always know the focal
f i length of the input images. There is a simple
method to estimate it. We put a box and
book in front of the camera and calculate the
real focal length from the relation of d and w.
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® Recognizing Panorama ./ IR
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® Recognizing Panorama' .V ¥ [t H FE
(1)SIFT Feature Matching
(2)Image Matching

! Recognising Panoramas , M. Brown, D. G. Lowe, ICCV 2003



(3)Bundle Adjustment
(4)Multi-band Blending
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® Recognizing Panorama Algorithm review :

Algorithm: Panoramic Recognition

Input: n unordered images

[. Extract SIFT features from all n images

II. Find & nearest-neighbours for each feature using a k-d
tree

III. For each image:
(1) Select m candidate matching images (with the
maximum number of feature matches to this 1m-
age)

(1) Find geometrically comisistent feature matches
using EANSAC to solve for the homography be-
tween pairs of images

(11) Verify image matches using probabilistic model

IV. Find connected components of image matches

V. For each connected component:
(1) Perform bundle adjustment to solve for the rota-
tion ¢, #a, B3 and focal length f of all cameras

(1) Render panorama using multi-band blending

Output: Panoramic mmage(s)
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