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01 Problem Overview
The Current Oblique Image Visualization in Omnibase
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(adopted from Omnibase)


https://www.geodelta.com/en/software/omnibase
https://www.geodelta.com/en/software/omnibase

01 Problem Overview

Definition of Dynamic Image Stitching

Why NOT Just Stitching F:ontlnuous transition from one
them ALL? image to_ another
(adopted from: Xmap )

]
TUDelft 4


https://xmap.geoxphere.com/apps/oblique

01 Problem Overview

Existing Image Stitching Software

AutoStitch

Slow
Not Reductive
Not keep the straight lines
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01 Problem Statement

Seamless &2 Smooth pp I\/Ieasurablef&
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fuDelft Goals to achieve!



https://doi.org/10.1007/s00530-020-00651-y
https://www.google.nl/maps
https://www.geodelta.com/en/software/omnibase
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Types of Image Stitching Techniques

TABLE |
COMPARISON OF MOSAIC AND PANORAMA STITCHING METHODS

Stitching method imaging dimension depth information Relative movement between cameras viewpoint
Mosaic stitching 2D Ture Exist Fixed
Panorama stitching 2.5D Fake No-exist Movement

o
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!

Final result

(adopted from AutoStitch) (adopted from Ke.com)
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https://mattabrown.github.io/autostitch.html
https://sh.zu.ke.com/zufang

Image Warp: digitally

manipulating an image
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What kind of warp to do ?
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(adopted from: Wikipedia )
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https://en.wikipedia.org/wiki/Image_warping
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Coordinates of PointsA on ImageA
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02 Methodology & Definitions

KMeans Clustering Select Result
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02 Methodology & Definitions
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Y-axis
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Initial Result by Simply Overlay the Warped Image
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Can obliqgue aerial image really be modelled by a
single homography matrix ?

Duplicated objects
Broken rooftop...
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Can obliqgue aerial image really be modelled by a
single homography matrix ?
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Optimal Seam : Avoid Going to the “Rooftops”

|

Protect the objects
we want to measure
or view

Reduce the error
caused by elevation
changes

Hide the seam
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02 Methodology & Definitions

Energy Map _
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02 Methodology & Definitions

How to make it dynamic: The Switch Frame
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02 Methodology & Definitions
/ Preprocessing \

tlniﬁal center image JL: {Hﬂt image as the c:emaer}

F
Query: image belts in different directions / \
(sort by the distance to the center image) In-between images
Read neighbor images ~
D:l:l:l:l:l] and homography matrix Mouse
- J Interpolati Move
~
Query: valid pairs in different e
directions - ~
(considering both distance and number < Store in Adjust the homography
of matching tie-points) y ImagePair table matrix+
> Warp the neighbor
I:l:l I:D images to align with [
the center image
i vy
/ \ 'd ™ (
( Get intersection Area > Overlay and show
Query: Coordinates of valid Tie-points on {in gray scale) L
L neighbor images L )
v
[ Optimal seam & Mask ]—
h
Resample the tie-points Homography matrix N Cdulﬂei IMH
to get even distribution {H) 'L F t

Image Morphing Y
\ Pre-calculated \ /

h 4

(‘ Inverse homogrpahy W
TU Delft matrix (H1) J
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03 Results- Stitching in Different Scenarios

Intersection
rate
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03 Results- Stitching in Different Scenarios

Intersection
rate
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03 Results- Stitching in Different Scenarios

Intersection
rate
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03 Results- Stitching in Different Scenarios

Intersection
rate
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03 Results-Seam Optimization

Without Optimal Seam With Optimal Seam
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03 Results-Seam Optimization
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03 Results- Runtime Optimization

Stage Original Optimized
Create Canva 16.00 15.00
DB Read Center Image Information 0.00 0.00
Image Load and Resize 6673.75 74.25
DB Find Neighbors 0.00 0.00
DB Read Image Pairs 115.50 106.75
Homography Calculation 554.75 0.00
Homography Scale and Offset 1.25 0.00
Image Warping 12.00 12.00
Optimal Seam Finding 802.25 382.00
Image Display 471.00 8.50
Total Time 8630.5 585.50

Table 6.6.: Comparison of Average Running Times (Units: ms)
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03 Results- Demo Show

” File Edit View Git Project Build Debug Test Analyze Tools Extensions Window Help R Search ~ ImageStitching_WinForms =

2 X

-2 88 Debug ~ AnyCPU P Imagestitching_WinForms ~ [> B 5o R & GitHub Copilot |&
~ P ImagesStitct b5 WinForms

SeamFinder.cs Forml.cs & X ImWarp.cs v &
ImageStitching_WinForms /" ImageStitching WinForms Debug Properties ~ gAddDirectionalButton(string text, DragDirection direction)

(é 1 v SySteIﬂ . §§§ Configure Startup Projects...

suonesynoN

System.Drawing;
System.Windows.Forms;
System.Diagnostics;
us System.Data;
sing Microsoft.Data.Sqlite;
System.IO;
ing Emgu.CV.CvEnum;
Emgu.CV.Stitching;
3 Emgu.CV.Structure;
ng Emgu.CV;

ImageStitching_WinForms

ss Forml : Form

> SqliteConnection connection;
st currentImageName;
currentCamerald;
currentX, currentY;
scale = 0.2;
FileName = "C:\\Data\\testdatal_OnFightLine®.2\\";
offsetX = 800;
double offsetY = 0;
Image<Bgr, byte> maskedA_global;

121% ~ 1%/ A 37 ¥~ Ln:97 Ch:82 SPC  CRLF

Output v B X

Show output from: Debug & O
[Timing] Homography Scale and Offset: @ ms

[Timing] Create the Canva: 25 ms

[Timing] Image Warping: 12 ms

[Timing] Optimal Seam Finding: 426 ms

[Timing] Image Display: 14 ms

[Timing] Total Time: 674 ms

The program '[21308] ImageStitching_WinForms.exe' has exited with code @ (@x9).

4

Output  Error List

Read 11 0/0 - Z 6 & master ~ F ImageStitching_WinFormToNextTriple _PreHomo « D
Y 0 (] g g P Q

& Delft Demo- Dynamic Switch




03 Results- Demo Show

” File Edit View Git Project Build Debug Test Analyze Tools Extensions Window  Help R Search ~ ImageStitching_WinForms —

by X

-8 A8 Debug ~ Any CPU ~ | > ImageStitching WinForms ~| [> B B sk z &8 GitHub Copilot &

1ed

Formi.cs & X

ImageStitching_WinForms = 0!3ImageSt\‘tching_WinForms.Form‘\ = Qﬁariginallmage
~ System;

System.Drawing;
System.Windows.Forms;

ng Emgu.CV;

g Emgu.CV.Structure;

19 Emgu.CV.CvEnum;
Emgu.CV.Util;
System.Threading.Tasks;
System.Diagnostics;

$32IN05 B
SHIGLERTTGIN]

e ImageStitching_WinForms

5 Forml : Form

e Image<Bgr, byte> originallmage;
e Image<Bgr, byte> displayImage;

rate Image<Gray, float> mapX0, mapYo;
e Image<Gray, float> mapXl, mapYl;
te Image<Gray, float> mapX, mapY;

isDragging = false;
int dragStartX,dragStartY;
startAlpha;
riva > alpha = 0.0;
21% - 3 Ln:13  Ch:32  SPC CRIF
Output * 1 x

Show output from:

Qutput  Error List

H Read 1l o/0a Z 2 & Mmaster « ImageStitching WinFormsimageTrack «
Y o ) g g Q

ZUDelft Demo- Image Morphing




01 Problem Statement

Seamless &2 Smooth »p I\/Ieasurablef&

Ly ~
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Homography matrix Inverse homogrpahy
(H) matrix (H)

Transformed x Transformed.y Original.x Original_y Reversed x Reversed.y

1037 RoofCorner  1036.92 902.11
7657 Solar Panel  7656.89 1998.87
12449 RoofCorner  12449.01 1885.74
635 RoofCorner  634.76 10166.84
6078 i RoofCorner  6077.68 7303.28
6025 9 RoofCorner  6025.31 7950.74
5933 < Window 5933.14 8743.43
7470 Solar Panel  7470.39 1951.21
7420 Solar Panel  7421.36 2028.85
7608 Solar Panel  7607.84 2078.48
6501 38 RoofCorner  6500.23 7336.63
5948 S Window 2 8554.47
5852 Window 5852.3° 8730.11
12102 RoofCorner 5 7559.35
6450 RoofCorner  6450.55 7977.63
5867 Window  5865.69 8544.75
8398 Flowerbed 8398.95 8849.65
9123 Flowerbed 9123.98 8876.48
9104 Flowerbed 9104.50 9141.76
8380 Flowerbed 8381.64 9118.19

fuDelft Goals achieved!




04 Limitation &

Suggestions
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(adopted from Omnibase)

Limited Image Stitching

04 Limitations & Suggestions - Limitations
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https://www.geodelta.com/en/software/omnibase

04 Limitations & Suggestions - Suggestions for future

fA= A

image 2 image 3 a image 2 image 3 e image 4

o

image 1

(adopted from Omnibase) (adopted from Omnibase)

Multi-Image Stitching Soft Transition Integrate with Omnibase
for Measurement
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https://www.geodelta.com/en/software/omnibase
https://www.geodelta.com/en/software/omnibase
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Thanks for your attention!

Seamless Obligue Image Mosaics for Aerial Visualization
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