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Introduction:
The problem of image registr

Image registration : geometrically match t
Countless Applicati

- multiview analysis
- multitemporal analysis
- multimodal analysis

- scene to model regist




Introduction:
Matching Methods

The matching step of the registration procedure can

Area - based methods Feature - base
- Correlation-like

- Fourier

- Mutual information
- Optimization

Iterative Closest Poi

Featured-based

Introduction:
Why use free-form curves?

A lot of work has been done in the fields of:
- Feature Extraction
- Feature Based Photogrammetry, e

Advantages of linear feature
- Man made and physi
- Linear features

- Matching li




Introduction:
Proposed Method

The problem : Heterogeneous Data Registration
Networks of 2D free-form ¢

global matching
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Previous work
on Feature-based Match

Free-form Curves = Natural Curves = Non m

Heterogeneous = Extracted from different da
Multimodal + multitempo

Different number a
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Curve (B):




Previous work
on Feature-based Matching

An algorithm for ICP-based matching of single pairs of heteroge
form curves has been developed:
i. Compute the closest points between curves
ii. Compute the transformation between the curve
points and Least Squares Method
ii. Apply the transformation to bring the curv:
iv. Check the threshold.

A novel approach for the computation
heterogeneous free-form curves ma
It is a Computational Geometry's

“Given a node N of
find it

The ICP algorithm i
in order to conv

Previous work
on Feature-based Matching

Computation of closest points:
« Split of curve B to a large set of consecutive interpolate
one very close to its previous and its next point

« Computation of the distances of all these points
« The point with the least distance is the close

For good results, the distance betwee
must be very small —— Large s

Speeding up the process usi

« The second curve is
« The closest poin




Previous work
on Feature-based Matchi.

Automated pre-alignment of single pairs

1. calculation of translation
A good approximation of the transfer b

2. calculation of scale
A good approximation of th

3. calculation of rotati
Three different

Previous work
on Feature-based Matchin

Global matching
Free-form cu




Previous work
on Feature-based Match

« QuickBirc

ICP-based matching
of Curve (B} to Curve (A) Curve (B):
sing the calculated approximations Curve to be Matched
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Ina.. Approximation (1)
*  through the use of
the Azimuth of Characteristic Points

Global matchi
Free-forn




Matching Networks of Free-for
Curves

Two unique problems, which are not present i
matching, have to be faced:

a. ldentification of Curves Corresponde
the ICP algorithm

It is generally not known whic
corresponds to which curvi
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Identification of Curves Correspondenc

Identification of Curves Correspondences = Similarity

Six different approaches have been tested, for Autom
of Curves Correspondence:

1. End node approach Very fast, but .
Not very rob

2. Centroid approach

3. Length approach

. The average dista

1. End node approach

In global matching, the first and last node of each curve
have to be homologous:

Thus: can be evaluated twice
=(xg =) + (v = 5)

The avera e of the two ( S|m|Iar) distances can be usec
as a better metric of the distance between the curves

This metric is capable to ...
avoid curves which have one common point, |/ M\ _._._

such as when a road forks o -

when a road begins where




Identification of Curves Correspondence
2. Centroid approach

Assuming global matching, a good metric of the distance of t
the distance between the centroids of the two curves:
N

Agy =(x8 —%a)* + (Vg — 74 )° l

The interpolation of a large number
computational cost and heavy memo
method presented in this paper, comput
points as a byproduct.

But...
it fails in the rare case
curves have the sar
such as two inter

w curve A(2)
* . with centroid C(2)
-~

warveAm T ®
" with centroid C(1)

P t—
curve B(1)

Identification of Curves Correspondenc
3. Length approach

Assuming that the curves are roughly at the same sc
two homologous curves must be almost the same.

The absolute difference of the lengths of th
metric of the distance of the curves:

Ay = ’SB _SA’

But...
it fails when two disti
case which is




Identification of Curves Corresponde
4. Average distance approach

The first iteration of the ICP approach (no. 5) can
closest point of every node of the one curve to the

The average distance of the closest points i
distance between the curves.

N
24,
= J=L

AV - ;

N is the number of
X,y are the coordi

Identification of Curves Corresponder
5. ICP approach

Every curve of the first network is matched with every cur
network, using:

- Automated Pre-alignment
- Matching single pairs of free-form curves.

The homologous pair will be the one wit

I The developed method is able
curves.

Curve 1~




Identification of Curves Corresponde
6. Hybrid approach

Compute:
i. the distance between first nodes (d1) “First

ii. the distance between last nodes (d, )
iii. the distance between centroids (d)
iv. the absolute difference of the curve

The biggest of these four valu
curves.
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Computation of the Common
Transformation

METHOD 1: ONE STEP SOLUTION The metho
Simultaneous ICP-based Matching of

a. For each pair of curves:

al. For each node of the curve of the fi
closest point on the curve of th

b. Computation of the RMS err:
points of all pairs.

c. Use of the determine
parameters of the si

. For each pair

Computation of the Common
Transformation

METHOD 2: TWO STEPS SOLUTION

- ICP-based matching separately for eac
improvement of the pre-alignment
- simultaneous matching of all cu

The “improvement” of the pre-alignment:
» increases the complexity of the
» it is also slower, as the nu

each iteration of LSM.

For each one of t
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Application: Workflow

STEP 1: Map

Manually extraction of the road edges and the buildings* o

Calculation of the road centerline from the edges, thou
of skeletonization techniques.

STEP 2: Orthoimage

Semi-automatic extraction of the road edges an

by hand-digitizing the lines appeared on the i
filter.

skeletonization techniques.
STEP 3: Pre-alignment of t

STEP 4: Preliminary r

by using the selec
to be common.

STEP 5:
STEP 6:

Application: The map




Application: The image

Its

N

lication: Matching resu

App

o TAD
— iMage
— —— image to map

i
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Application: Registration results
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Conclusions

Method for Registration of Heterogeneous data using an
algorithm for Global Matching of Networks of 2D free-

Two problems, faced:
a. ldentification of Curves Correspond
b. Computation of the common tr:

The method is independent

Conclusions

Some significant applications of such algorithms are f
. Georeference of satellite images, with no GCP

for most areas medium scale topographi
available today, which include linear d
« Georeferencing of non optical i

e.g., radar/SAR sensors; in
as for images derived fr

« Orientation of ol




