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Objective
In this paperwe addresshe alignmentof
historicalandpresent-dayerialphotographs.

Historicalimagesreferto regionsbombedduring
thesecondwvorld war. In thisregionstherisk of
unexplodedbombsis still high, especiallywhere
thebombingweremorefrequent.

Thealignmentis usedto fill-in anunexploded
bombsrisk map.

Thetaskis challengingoecause:

- alot of featurean thehistoricalimagesare
changedr missing(andvice versa)

- In the historicalimagespombcraterantroduce
large graylevel variationssothatit is difficult
to extractfeaturesautomatically

Present-day image and historical images of
thesame area.

Overview

Themethodis basednthe matchingbetween
correspondindeaturesobseredon a pair of
Images.

Fromthecorrespondencese obtainthe
homograplg thatalignscorrectlytheimagepair.

Themainstepsare:featuresxtractionand

Feature Extraction

Linesareextractedoy meansof avariationof the
Houghtransformwhich integratesn the voting
scheméheinformationaboutgradientdirection.
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n thisway we remove spurioudinescausey
pombcrateredgesaccidentallyaligned,but the
iInesthatgetautomaticallyextractedarenot
enoughto yield agoodregistration.

Especiallyin the historicalimagesyoadsand
crossroadsarelessvisible andthey have aweak
gradient.Moreover, bombcratershave strong
gradientandthey introducespuriousfeatures.

Userinteractionis neededheor shemust
validatethe extractedlinesandcanintroduce
new linesor salientpoints.

Linesandpointsselectedy the usergetshifted
toward

e the closestmaximumin the Houghvoting
space

¢ the closestmaximumin therespons®f the
Harris&Stephensornerdetector

Automatic line extraction and features
Introduced by the user.

homograply estimation.

Homography Estimation

A homography Is anon-singulatinear
transformatiorof the projectve planeinto itself.
Themostgenerahomograply is representedly
anon-singulaB x3 matrix H:

(1)

/
m;, = H - m,;

wherem, is the correspondingpoint of m;.

Two imagesarerelatedby a homograph if the
scends planaror if thepoint of view doesnot
change.

In our aerialimagest Is safeto assumehatthe
scends planar

Four points,providedthatno threeof themare
collinear determinea uniguehomograpi.

Eachpoint correspondenca the planeprovides
two equationsn theunknavn entriesof H:
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In the projectve planepointsandlinesaredual
elementsif correspondingpointsarerelatedby
Eqg. (1), thencorrespondindinesarerelatedby

(3)

Eachline correspondenca the planeprovides
two equationsn theunknavn entriesof H,
analogougo Eq. (2), modulosomepermutation
of elements.

Theseequationanberearrangean matrix
form, obtaining:
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Sincethereareusualllymorethanfour elements
(pointsor lines),computealeast-squaresolution
for H.

In ourapproachhomograpl andfeatures
matchingarecomputecdat the sametime using
the RANSAC algorithm.

¢ All thepossiblematchedbetweerthetwo
featuresets left andright, areconsiderednd
for eachof themwe estimatehe best
homograp.

e Glvenasetof featurepairswe considerall the
subsetzomposedy four pairs(the minimum
numbemeededo specifyahomograph).

¢ \We estimatahe homograplg andapplyit to
theimage.

¢ Every pairvotesthis homograph if the
residualr; = Hm; — m, is underagiven
threshold!".

e Thehomograply thatrecevesthe maximum
numberof votesis thewinner.

Extracted correspondences between
present-day image and historical image.

Results

We testedour methodon a setof historicaland
present-daymages.Salientfeaturespbsenable
In all theimagesaretheriver, therailway and
theroadfrom the upperright sideto the centerof
theregion.
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Average residual distances between
corresponding points.
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Alignment between present-day image and
nistorical image.

magesshav the progressie blendingof the
nistoricalphotographnto the present-dayne.

Conclusions

Thebackgroundapplicationis the assessmeruf
therisk from unexplodedair-droppedoombsin a
givengeographiarea.

Theapproachs basedn the estimationof the
besthomograplg thatalignscorrespondingines
andpoints.

Featuresreextractedwith minimal user
Interventionandputin correspondence
automaticallyusingthe RANSAC algorithm.

Thecomplementaryiseof bothautomaticand
userenterednformationgivesgoodresults,n
termsof accurag andspeed.
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