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Before We Start
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Introduction to Image Stitching




Case Study
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Feature Extraction

Feature Extraction :




Feature Extraction: SIFT

The Scale-Invariant Feature Transform (SIFT)




Feature Extraction: SIFT

The Scale-Invariant Feature Transform (SIFT) has the following two steps:

1. Detection: Extract key points.
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Feature Extraction: SIFT

The Scale-Invariant Feature Transform (SIFT) has the following two steps:

2. Description: Extract the feature vector for each key point.




Homography Estimation

Homography Estimation
H

Feature Extraction
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Homography Estimation

source points pg

target points p
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Homography Estimation: Camera Model

Given source points {(x;j, yi)}"_, and target points {(u;, vj)}"_,, the goal is to find the
homography matrix mapping each source point to its corresponding target point.
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Homography Estimation: Linear System

We formulate homography as a 2n X 9 linear system:

X1 Vi 1 0 0 0 —Xq1u1 —yiur —Ua hl 3 0
0 0 0 X1 W 1 —X1V1 — Vi —V h2 1 0

X, v» 1 0 0 O —x,u, —vaun, —uj ho 3 0
0 0 O x, v 1 —xpvh —VnVn —Vp h3.1 0

® [he degrees of freedom of h are 8, requiring at least 4 points.




Homography Estimation: Least Squares Problem

The linear system defined in (1) is reformulated as a least squares problem:

in ||Ah—0]5. 2
i | 12 (2)

® h is subject to arbitrary scaling, we incorporated the length constraint of 1 into the
optimization formulation.

® The solution of (2) is the unit eigenvector of A' A associated with its smallest
eigenvalue.
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Homography Estimation: RANSAC

source points pg target points pr

Inlier error: |[/1, ps — prllz > |Hips — prll2
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Stitching Result of Two Images

Rem ™= W

Figure: Stitching results of SIFT
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Stitching Result of Two Images
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Figure: Stitching results of SIFT
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Strategies to Improve Stitching Result
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Strategies to Improve Stitching Result

1. Discard irrelevant points.
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Strategies to Improve Stitching Result

1. Discard irrelevant points.

N
™
S0
\I
A\
>
‘l
)
‘I
)
=
oy
.

R T T T T

20



Result
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Strategies to Improve Stitching Result

3. Segment matched pairs into three parts and reapply slope filtering.
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Strategies to Improve Stitching Result
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Strategies to Improve Stitching Result
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Figure: Perfect matching results
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Image Blending

Homography Estimation
H
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Image Blending
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Image Blending
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Image Blending: Continuous Mask

Define image mask functions wy, wp : 2 — [0, 1] as:

B d2(p)
wip) = di(p) + da(p)’
wa(p) = P

The blended image /I’ is then calculated as:

I'(p) = wi(p) - h(p) + wa(p) - L(p).

27



Result of Image Blending with Continuous Mask
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Image Blending: Poisson Equation

Define w : 2 — [0, 1] as the image mask function. The smooth blending function is
derived from the Poisson equation under specified boundary conditions:

Aw = 0in Q\ (Fy UT),
w ‘I‘lz ]-7 W ‘rgz 0.

The blended image /I’ is then calculated as:

//:W-/l—l—(].—W)-/z.



Image Blending: Poisson Equation

Let L be the Lattice Laplacian matrix and w be the weight vector. Segregate the point
indices into interior I and boundary B. The Poisson’s equation can express to the
following linear system:

Lrywr = —L1 BWE,

30



Result of Poisson Image Blending
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Conformal Reshaping

Image Blending




Conformal Reshaping
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Conformal Reshaping

Construct a Delaunay triangular mesh M = (V/, F). Our goal is to find the map
f : M — R? with minimum angle distortion.

34



Conformal Reshaping
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Conformal Reshaping
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Conformal Reshaping

(h1(x), h2(¥))
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Conformal Reshaping
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Conformal Reshaping

X

(hy(x), h2(¥))

39



Conformal Reshaping Algorithm

Given the triangular mesh M = (V/, F) and height scale factor r > 0.

1. Compute harmonic mappings hi, hy solving Poisson equations:

Aph =0, Apha =0,
h |r,= 0, and h2 [rp= 10,
h]. [r— L) h2 fv—

2. Determine optimal aspect ratio o to minimize angular distortion:

o = argmin ||0((go o h)(V), F) —6(V, F)|1.

a>0

where g.(x,y) = (arx, ry).
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Result of Conformal Reshaping

(a) Stitched image w/o conformal reshaping. (b) Stitched image w/ conformal reshaping..
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Perfect Results
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Rapid Results of Comparing to Photoshop (1)
Photoshop

\V AV AN =!
00:00:00.00 ~00:00:00.00

Section Break [

PUBLISH
P2} Run and Advance vy
Run
Run to End v
Welcome to Photoshop, i B
Name
: Dream bigger with Generative Al
Add, expand, or remove content from your images using text prompts.

nts

» GitRepo » An-Improved-Image-Stitching-End-to-End-Pipeline »
BZ Editor - C:\Users\JingEnHuang\Documents\GitRepo\An-Improved-Image-Stitching-End-to-End-Pipeline\imagestitching2_poissonblending_conformalreshape.m

clc;clear;close all;addpath(genpath('."));TimeSum = 0;

Source Files
Use: Files

IMG_2580.JPG
IMG_2581.JPG

Blend Images Together
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Content Aware Fill Transparent Areas

Find mo
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Rapid Results of Comparing to Photoshop (1)

MATLAB Photoshop
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s Window Help
PUBLISH

= [=] Section Break

Run
Section Y24 Run to End v

= ),
Y24 Run and Advance
L& Analyze 3

nts » GitRepo » An-Improved-Image-Stitching-End-to-End-Pipeline » Welcome to PhOtOShOp, ﬁ?ﬁfﬂ
Ol W% Editor - C:\Users\JlingEnHuang\Documents\GitRepo\An-Improved-Image-Stitching-End-to-End-Pipeline\imagestitching2_poissonblending_conformalreshape.m
Name

clc;clear;close all;addpath(genpath('."));TimeSum = 0;

Dream bigger with Generative Al

Command Window

Add, expand, or remove content from your images using text prompts.

Source Files

Use: Files

IMG_2580.JPG
IMG_2581.JPG

Blend Images Together
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Take Away

e Scientific Computing enables robust and accelerated solutions for linear systems.
® Employing strategic techniques enhances the accuracy of image stitching.

® \We developed an end-to-end system for perfectly and rapidly stitching images.



Thank you!



