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O
bjective

In
this

paperw
e

addressthe
alignm

entof
historicaland

present-dayaerialphotographs.

H
istoricalim

agesreferto
regionsbom

bedduring
the

secondw
orld

w
ar.In

this
regionsthe

risk
of

unexplodedbom
bsis

stillhigh,especiallyw
here

the
bom

bingw
ere

m
ore

frequent.

T
he

alignm
entis

usedto
fill-in

an
unexploded

bom
bs

risk
m

ap
.

T
he

taskis
challengingbecause:

-a
lotoffeaturesin

the
historicalim

agesare
changedorm

issing(and
vice

versa)

-in
the

historicalim
ages,bom

b
cratersintroduce

large
gray

levelvariationsso
thatit

is
difficult

to
extractfeaturesautom

atically.

P
resent-day

im
age

and
historicalim

ages
of

the
sam

e
area.

O
verview

T
he

m
ethodis

basedon
the

m
atchingbetw

een
correspondingfeaturesobserved

on
a

pairof
im

ages.

F
rom

the
correspondenceswe

obtain
the

hom
ography

thatalignscorrectlythe
im

agepair.

T
he

m
ain

stepsare:featuresextraction
and

hom
ography

estim
ation.

F
eature

E
xtraction

Lines
are

extractedby
m

eansofa
variation

ofthe
H

ough
transform

w
hich

integratesin
the

voting
schem

ethe
inform

ation
aboutgradientdirection.

In
this

w
ay

w
e

rem
ove

spuriouslines
causedby

bom
b

crateredgesaccidentallyaligned,butthe
lines

thatgetautom
aticallyextractedare

not
enoughto

yield
a

good
registration.

E
speciallyin

the
historicalim

ages,roadsand
crossroadsare

lessvisible
and

they
have

a
w

eak
gradient.M

oreover,bom
b

cratershave
strong

gradientand
they

introducespuriousfeatures.

U
serinteractionis

needed:
he

orshem
ust

validatethe
extractedlines

and
can

introduce
new

lines
orsalientpoints.

Lines
and

pointsselectedby
the

usergetshifted
tow

ard

�

the
closestm

axim
um

in
the

H
ough

voting
space

�

the
closestm

axim
um

in
the

responseofthe
H

arris&
S

tephenscornerdetector.

A
utom

atic
line

extraction
and

features
introduced

by
the

user.

H
om

ography
E

stim
ation

A
hom

ography
is

a
non-singularlinear

transform
ationofthe

projective
planeinto

itself.
T

he
m

ostgeneralhom
ography

is
representedby

a
non-singular� ��

m
atrix

:

� �
���

��
�

(1)

w
here�
	

� is
the

correspondingpointof�
� .

Tw
o

im
agesare

relatedby
a

hom
ography

if
the

sceneis
planarorif

the
pointofview

doesnot
change.

In
ouraerialim

agesit
is

safeto
assum

ethatthe
sceneis

planar.

Fourpoints,provided
thatno

threeofthem
are

collinear,determ
inea

uniquehom
ography.

E
achpointcorrespondencein

the
planeprovides

tw
o

equationsin
the

unknow
n

entriesof
:

� 	
�
��� ��
���� �
� � �

�� � ��
�� �� �
�� 
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(2)
In

the
projective

planepointsand
lines

are
dual

elem
ents:if

correspondingpointsare
relatedby

E
q.(1),then

correspondinglines
are

relatedby

� �
�
� �
�� �

(3)

E
achline

correspondencein
the

planeprovides
tw

o
equationsin

the
unknow

n
entriesof

,
analogousto

E
q.(2),m

odulo
som

eperm
utation

ofelem
ents.

T
heseequationscan

be
rearrangedin

m
atrix

form
,obtaining:
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S
incethereare

usuallly
m

ore
than

fourelem
ents

(pointsorlines),com
putea

least-squaressolution
for

.

In
ourapproach,hom

ography
and

features
m

atchingare
com

putedatthe
sam

etim
e

using
the

R
A

N
S

A
C

algorithm
.

�

A
ll

the
possiblem

atchesbetw
eenthe

tw
o

featuresets,leftand
right,are

consideredand
for

eachofthem
w

e
estim

atethe
best

hom
ography.

�

G
iven

a
setoffeaturepairsw

e
considerallthe

subsetscom
posedby

fourpairs(the
m

inim
um

num
berneededto

specifya
hom

ography).

�

W
e

estim
atethe

hom
ography

and
apply

it
to

the
im

age.

�

E
very

pairvotesthis
hom

ography
if

the
residual-� �

�
�/.
� �
� is

undera
given

threshold
.

�

T
he

hom
ography

thatreceivesthe
m

axim
um

num
berofvotesis

the
w

inner.

E
xtracted

correspondences
betw

een
present-day

im
age

and
historicalim

age.

R
esults

W
e

testedourm
ethodon

a
setofhistoricaland

present-dayim
ages.S

alientfeatures,observable
in

allthe
im

ages,are
the

river,the
railw

ay
and

the
road

from
the

upper-rightside
to

the
centerof

the
region.

Im
ages

A
verageresiduals(pixel)

historicalim
age1

0 �11 2
3 �41 �5

historicalim
age2

6��7
66 �41 �8

historicalim
age3

2
�717
0 �41 ���

A
verage

residualdistances
betw

een
corresponding

points.

A
lignm

ent
betw

een
present-day

im
age

and
historicalim

age.
Im

agesshow
the

progressive
blendingofthe

historicalphotographinto
the

present-dayone.

C
onclusions

T
he

backgroundapplicationis
the

assessm
entof

the
risk

from
unexplodedair-droppedbom

bsin
a

given
geographicarea.

T
he

approachis
basedon

the
estim

ationofthe
besthom

ography
thatalignscorrespondinglines

and
points.

F
eaturesare

extractedw
ith

m
inim

aluser
intervention

and
putin

correspondence
autom

aticallyusing
the

R
A

N
S

A
C

algorithm
.

T
he

com
plem

entaryuseofboth
autom

aticand
user-enteredinform

ation
givesgood

results,in
term

sofaccuracy
and

speed.
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