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U
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C
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S
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V
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F
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E
m
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k
e
r
a
u
t
r
e
,
n
g
u
y
e
n
t
p
@
l
o
r
i
a
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r
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L
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A
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C
N
R
S
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U
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S
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C
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pus
S
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que
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L
e-B
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C
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F
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E
m
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l
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i
e
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A
b
stra

ct
Instead

of
p
olygonalizing

a
contour,

w
e
prop

ose
to

reconstruct
the

shap
e
w
ith

circular
arcs.

T
o
do

so,
w
e
exploit

the
recent

curvature
estim

ators
[1,

3].
F
rom

their
curvature

fi
eld,

w
e
introduce

a
new

sim
ple

and
effi

cient
algorithm

to
approxim

ate
a
digital

shap
e
w
ith

as
few

arcs
as

p
ossible

at
a
given

scale,
sp
ecifi

ed
by

a
m
axim

al
adm

issible
H
ausdorff

distance.

K
e
y
w
o
rd
:
C
ircular

arc
reconstruction,

contour
representation,

curvature
estim

ator.

1
In

tro
d
u
ctio

n

O
bjectives:

•
T
o
represent

a
contour

m
ore

effi
ciently

than
p
olygonal

contour.

•
L
ess

prim
itives

w
ith

equivalent
precision.

•
T
o
include

a
scale

param
eter.

δ
H
=
2.018

δ
H
=
2.011

288
segm

ents
27

arcs,
1
segm

ent

M
a
in

id
e
a
:

•
E
xploit

recent
and

robust
to

noise
curvature

estim
ators

[1,
3].

•
A
void

the
use

of
curvature

p
ost

processing
to

reduce
param

eters
[6].

•
U
se

only
one

param
eter

associated
to

the
scale.

2
C
u
rv
a
tu

re
e
stim

a
to
rs

•
G
lo
b
a
l
M
in
im

iza
tio

n
C
u
rv
a
tu
re

[1
]
(G

M
C
).

-T
aking

into
account

all
the

real
shap

es
having

the
sam

e
digitization.

-T
he

shap
e
w
hich

m
inim

izes
its

squared
curvature.

•
B
in
o
m
ia
l
C
o
n
v
o
lu
tio

n
C
u
rv
a
tu
re

[3
]
(B

C
C
).

-A
discrete

alternative
to

the
G
aussian

sm
oothing

technique
(scale

controlled
by

m
).

-S
uccessive

convolutions
of

m
binom

ial
kernels.

•
V
isu

a
l
C
u
rv
a
tu
re

[2
]
(V

C
).

-M
easure

the
num

b
er

of
extrem

e
p
oints

from
a
height

function.

-F
ilter

non-signifi
cant

features
at

a
given

scale
(only

qualitative
estim

ation).

Illu
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n
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n
d
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m
p
ariso
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o
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stim
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C
o
n
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u
r
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n
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n

w
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circu
la
r
a
rcs

M
a
in

ste
p
s
o
f
th
e
a
lg
o
rith

m
:

•
D
ecom

p
ose

curvature
estim

ation
to

extract
signifi

cant
curved

areas.

•
S
plit/m

erge
strategy

(given
m
axim

al
error

E
m
a
x )

θ
A

i

θ
C

k θ
C

l

C
kC

′k

C
l

C
′l

A
i

C
b
i

C
f
i

O
i

C
k

P
4

P
3

P
2

P
1

A
i

C
b
i

C
f
i

U
se

an
approxim

ation
of

the
hausdorff

distance
b
etw

een
the

A
rc

A
i
and

the
contour

segm
ent

C
i :

δ
H
(A

i ,C
i )
=
m
ax{

m
ax

b∈
C
i {
m
in

a
∈
A

i d
(a
,b)}

,
m
ax

a
∈
A

i {
m
in

b∈
C
i d
(a
,b)}}

M
ain

algorithm

D
a
ta
:
C

=
{
C
i }
ni=

0
digital

curve,
κ
=
{
κ
i }
ni=

0
curvature

estim
ation,

fl
oat

m
axA

rcE
rror;

R
e
su

lt:
curve

represented
by

a
set

of
arcs

and
segm

ents.
b
e
g
in
D
ecom

p
ose

κ
into

a
set

of
constant

curvature
interval

S
defi

ned
by:

{
(b
0 ,f

0 ),...,(b
i ,f

i ),...,(b
M
,f

M
)}
.

F
or

each
contour

p
oint

C
i ,
store

in
r
eg
io
n
I
n
d
ex

[i]
the

index
k
∈
{
0,..M

}
of

its
region

S
[k
].

E
xtract

from
S
the

set
S
m

containing
all

the
regions

w
hich

are
a
local

m
axim

a/m
inim

a.
S
tm

p
=
S
;

w
h
ile

n
bE

lem
en

ts(S
tm

p )!
=
0
d
o

S
tm

p
=

S
P
L
I
T
R
E
G
I
O
N
S
(S

tm
p ,

S
,
r
eg
io
n
I
n
d
ex

,
m
axA

rcE
rror);

//
F
irst

extension
from

m
ini/m

axim
a
regions:

w
h
ile

n
bE
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en

ts(S
m
)!=

0
d
o

S
m

=
E
X
T
E
N
D
P
L
O
T
R
E
G
I
O
N
S
(S

m
,
S
,
regionIndex,

κ
,
m
axA

rcE
rror);

//
S
econd

extension
from

all
others

regions
S
u :

S
u =

set
of

index
of

valid
non

m
axim

a/m
inim

a
regions

of
the

current
regions.

w
h
ile

n
bE

lem
en

ts(S
u )!=

0
d
o

S
u
=

E
X
T
E
N
D
P
L
O
T
R
E
G
I
O
N
S
(S

u ,
S
,
regionIndex,

κ
,
m
axA

rcE
rror);

//
V
erify

or
change

prim
itive

for
region

w
hich

are
b
etter

approxim
ate

//
by

a
straight

segm
ent:

c
h
e
c
k
B
e
s
t
P
r
i
m
i
t
i
v
e
(S

,
tabR

egionIndex,
m
axA

rcE
rror);

e
n
d

A
rc

re
co

n
stru

ctio
n
:
S
everal

w
ays

to
reconstruct

arcs
b
etw

een
region

extrem
ities

C
b
i
and

C
f
i .

1.U
se

curvature
to

determ
ine

and
select

one
of

the
tw
o
p
ossible

solu-
tions

C
A

1
and

C
A

2
(if

they
exist).

2.U
se

central
contour

p
oint

C
c
i
to

determ
ine

A
3 .

⇒
S
olution

2
w
ith

arc
A
3
gives

b
etter

results.
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M
e
rg
in
g
p
ro
ce
ss:

•
Initiated

from
local

m
inim

a/m
axim

a
(indep

endent
of

the
choice

of
the

initial
contour

p
oint).

•
P
erform

ed
only

for
plot

regions
w
ith

sam
e
curvature

sign.

•
A
pplied

fi
rst

to
neighb

or
regions

w
ith

nearest
curvature

values.
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