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Le « masquage » phénoménologique. Ici juste une différence de précision
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Le masquage phénoménologique: ici c’est le nombre d’échantillons du « fond » qui est en cause
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Le masquage phénoménologique: ici c’est le nombre d’échantillons du « fond » qui est en cause
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Fig. 13.6. Example of test image used for alisnment detection (N = 50).

Expérience extraite de Desolneux et al., From Gestalt theory to image analysis
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NFA = ZN3 (2] .
9 3

The number 3N?/2 approximately counts the number of possible alignments on the image (three
orientations, N2 positions for the center, N/2 possibilities for the segment length). The second term
is simply the probability that the [ cells of the alignment have the proper orientation, knowing the
empirical density d of the background small segments. From (13.7), we deduce that the threshold
curve in the (d,[) plane corresponding to NFA < = is defined by

C

"= @)

: where C =log(s) — log (%NS) : (13.8)
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Fig. 13.7. Thresholds in the (d,1) plane (segment density and alignment length) predicted by the Helmholtz
principle for different values of € (¢ = 107%,107,107%,.. ., 10_5) when N = 50.
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LSD

LSD is a Line Segment Detector
It is based in Burns, Hanson, and Riseman method

It uses a false detection control based on
Desolneux, Moisan, Morel theory.

LSD is fast, produces precise results, and controls false
detections.



Resources

Google: Isd + grompone
Google: Isd + morel

www.ipol.im — LSD: A LINE SEGMENT DETECTOR
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Gradient and Level-Line Field

image level-line field



LSD in three steps

1. Partition the image into groups of connected pixels that share
the same level-line angle up to a certain tolerance

2. Find rectangular approximations
3. Validation
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Image Level-line field  partition rectangles



Line-Support Regions

A group of connected pixels that share the same level-line angle up

to a certain tolerance.
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Rectangular Approximation of Reqi

Pixel’s mass is proportional to the gradient modulus
Region’s center of mass — rectangle’s center

First inertia axis of the region — rectangle’s angle
Length and width to envelope most of region’s mass



Validation
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Helmholtz Principle

Ther is o repto on noise.
Fred Attneave (1954) : "Some Informational Aspects of
Visual Perception” Psychological Review 61.



A Contrario DeteCtion [Desolneux, Moisan, Morel]

Structure is detected as outliers of a noise model Hj:

| =+ Non-Structured Level-Line Orientations:
e angles are independent random variables

e uniformly distributed in [0, 27]

More precisely: an observed geometric structure becomes
meaningful when the expectation of its number of occurrences is
very small in the non-structured data model.



Aligned Point

A point whose level-line angle is equal to the rectangle angle up to
a certain tolerance 7.
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k(r, i) is the number of aligned points of rectangle r in image .
n(r) is the total number of pixels in the rectangle r.
In the example, k(r,i) = 8 and n(r) = 27.



Meaningful Rectangle

Given a rectangle r with k(r, i) observed aligned points, we define
NFA(r, i) = Niest = P [K(r, 1) > k(r,i)]

where:
[is a random image on Hp,
Niog: is the number of tests.

NFA(r, i) is the expected number of event as good as (r, i) in Ho.
When NFA(r, i) is large: a common event in Hy and not meaningful.
When NFA(r, i) is small: a rare event in Hp and probably meaningful.

A rectangle with NFA(r, i) < ¢ is called s-meaningful rectangle.



Number of Tests

— ™ N x N options

N width values

\\\\\H
™ N x N options

Nresr — NS



Probability term

In Ho, the probability that a pixel is an aligned point is
T
pP=—.

/|

Because of the independence in Hy, k(r, /) follows a binomial
distribution. Then,

Pry [K(r. 1) > k(r.i)] = B(n(r).k(r.i).p)

where B(n, k, p) is the tail of the binomial distribution:

B(n,k.p) = Zn: (?)pfm — p)"

J=kK



NFA

The final expression for the Number of False Alarms for a rectangle
Is:

n(r)
NFA(r.i)=N>- (”5" )) p(1 — p)
j=k(r.i)



Theorem

EHU ZINFA rl)< < e

where E is the expectation operator, 1 is the indicator function, R is
the set of rectangles considered, and / is a random image in H.

The theorem states that the average number of =-meaningful
rectangles on the a contrario model Hy images is less than ¢.

In other words, it shows that LSD satisfies the Helmholtz principle.



Proof
We define k(r) as

k(r) = min {n € IN, Py, |k(r,1) > n] < i}

AN

Then, NFA(r. i) < cis equivalentto k(r,i) > k(r). Now,

{Z 1NFA r.l)< } ZPHU NFA(r l) ] — ZPHO [k(r,l) > lﬁi(r)] :

re’R re’R reR
But, by definition of l?(r) we know that

Pro )= k)] < 5

and using that #R = N° we get
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The result is not very sensible to the value of <.
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= = 1 means, on average, one false detection perimage.
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Algorithm Summary

Partition the image into Line-Support Regions

For each Line-Support Region:

Find the Rectangular Approximation

Compute NFA value

Rectangles with NFA < 1 are added to the output.
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Think! Before It's Too Late

RICHARD P. FEYNMAN

| LECTURES ON COMPU
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Algorithm 1 (Desolneux et al. : détecter des alignements de points)

Thus, if the probability of having one point inside the strip i1s p, and we observe k points

inside the strip (without counting the two points defining it) out of N points, the NFA value
1S:

NFA = Nyews % B(k, N, p) (1)

The number of tests, N 15 the number of all possible couple of points times the number

of the considered possible strip widths. If N is the number of points in the image, and 2
the set of considered widths.

N x (N —1)
2

x € (2)

-ﬁ‘:tESfS =
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3 Algorithm 2

3.1 Description

Algorithm 2 also goes through each possible couple of points, and through each possible
precision value and decides if the segment formed by two points is meaningful or not, based
on the amount of points lying between them, at the given precision.

Contrary to algorithm 1, in this case we will deal with the situation of having clusters of
points, and we will make the estimation of the points denisity locally. This two problems
and our proposed solution are explained in the following subsections.
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Figure 1: Two points and a precision p define a strip ». The strip 1s divided in square cases,
and the density of points is estimated from the surrounding rectangular R



In our uniform model, the probability of having one of the M points inside the square is the
ratio of areas between the small square area and the area of the rectangle R, p; = %. Then,

p2 = B(1, M, p1)

P3 = B(k nﬁpﬂ)
Finally, the NFA for this event 1s

J.\ITF.Jq. = _L'T\'rtesf_ X P3

The number of tests is defined 1n the same way as for algorithm 1.
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Figure 5: From left to right: original image, result of algorithm 2, result of algorithm 1 In this
case we observe the effect of point clusters in the result of algorithm 1. For algorithm 1, all
the points in the obtained strip are counted and thus the strip appears as highly meaningful.
The effect of using the square cases in algorithm 2 is that the clusters will be counted just
once and thus the meaningfulness of that strip is reduced.
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Figure 6: From left to right: original image, result of algorithm 2. result of algorithm 1.

In this case we see the effect of estimating the density of points from a local region around

the considered strip or from the whole image. In the case of algorithm 1. the density is

estimated on the whole image. Under the assumption of points uniformly scattered in the

1mage, the concentration of points in the obtained strip is very meaningful. In the case of

algorithm 2, the density is estimated in an area surrounding the segment and thus it has

lower meaningfulness
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Figure 7: From left to right: original image, result of algorithm 2, result of algorithm 1.
In this case we observe again the effect of estimating the density of points locally. Here,
algorithm 2 is able to correctly identify the perceptually meaningful alignemnt.
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Here we observe again the effect of point clusters. Notice how the result from algorithm 2 is
less meaninfgul than the one from algorithm 1
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Another example. In this case we see that the results for the two algorithms differ. A reason

for this is that algorithm 2. because of the counting of occupied square cases, might be

favoring alignements of points which are more close together.
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HUMBER OF POINTS= 20, SECOMDS ELAPSED -4 1377 282+00

|2Dh |. ..:I_‘ T T 1
=
i e . . . i
*
. »
fod r -
ag " » .
" .
m-zi +* i
»

T"l:l"_ ."_ . -
B0 - L ] . y 3
» % 8 -
Al .

L *
4 . . t .
11 . L 7
*I | 2 \ I \




MUMEBER OF FOINTS= 50, ZECONDS ELAPSED=4.1577252+00

20

Mar

[oar

an r

al r

I

B T

|

a0+

W0t

L -“ -’_. -
L
»* . . -
»
. . 7
»e .
»
. . l
' -
L
»
. .
» .
L
. -
. : *
. l
1 .I 1 1
40 [=11] 100 120

1z0

10

100

40

&

f0

=i

S0

40

20

MINIMAL HFA=1 363653e+00

-' .:—. =

. .
X . . o ]

-»

* * 7
* b T
. 1 5, 1 1 1
40 [={n] a0 100 |20

STRIP VWIDTH=4

1o

MINIMAL NFA=T 273357 e+00

T

I * 1

20 40 G0
STRIP WIDTH=5

o

i od



NUMBER OF POINTS= 34, SECOMDS ELAPSED=2.12713G2+0C
|2|:| = T T T T 1

110 e 4 -
g LA * -
al - *» *

a0 + -
0 » i
G0+ F » i
50t L
40 + * .

a0 r y

| &0 = 100 120



HUMBER OF POIMTS= 34, SECOMDS ELAPSED=2.127135=+00

120

110

g -

ad

a0 +

mr

G0

sl

i r

a0k

- |
- - |
. - |
.
- -
-
.-. -
.
» J
40 &0 &0 100 120

120

110

100

a0

an

)

=l

a0

40

=0

HINIMAL NFA=3.045301 e-02

S TRIP WIDTH=£

* |
-
" # . J
» »
. - |
. » |
.‘. .
» ]
-
10 GO 80 100 120

1o

anr

il

mr

GO

50 F

40t

0t

a0r

r

MINIMAL HFf=2.032340e-02

STRIP WIDTH=Z

1o



MUMBER OF POIMTS= 167, SECQORDS ELAPSED=G.TTE4 Te+01

|E|:|- T T T T L
o
» »
Rl « *? -
L
g + . -
»
o € .
a0 | o ot
-
EU'.'. - . -
. e %' o
70+ » - i
*» g0t Y
60 ':‘ o St
. Tl "
U8 g e, e S S el
c s o°° nﬁf.l
e : ., f"’h‘ "t
. by
wl e . . e,
- »
. s % *
i i i i i




20

10

an

an

=0

sl

=10

a0

40

a0

MINIMAL HFA-1.038438e+00

STRIF WIDTH=2

| Qi

ad ot

al r

mr

bl T

Al F

40 F

a0 F

20 F

0 F

MINIMAL HFA=3. 72801 0e-03

STRIF WIDTH=8

| e



FUMBER OF FOINMTS= 149, SECORNDOS ELAPSED=4. 04858400 +01

120 F - - - - i
. L
11a r L g * L - 7
I & i
I 0d .
L » * p »
an - .y L L -
all . L -
. e 4 L, 0
o r r » l', » -
»
- » »
kO + * #* -
r. 'i *" L
Al y *a vt Se &
a g . "* -
#f‘*# ., o
4l 1 - - ® .
L B A .
L ] apk & * . o %
N ‘iﬁ“i# «° %
.'.'I'.i 1 ] ] ]




20F .
. %
-
10 - - * -
oot .« T .
L . L »

W ey ® - .
an b . s -
* " s ¥
70F : » I‘* - . ]

. - »

50 F !EE! l. » .
S0k - - i
i'#;i **.‘ s »

" I " *
nE o - . ® -
LY A . *
* pat W @ » L
a} ™ L .
% ,:n . » b
'I' 1 1 [ 1

MINIMAL NFA=]1 047k Me+00

STRIPWIDTH-4

100

ai +
B0
70+
GO
50
40 F
30t
20+

*
10 F

MIMIMAL NFA=3 A618062-03

STHIP WIDTH-8

| 00



RUMEER OF POIMTS= 57, SECORNDS ELAPSED=4.892588=+00

'|E|:|_ 1 1 1 1 1]
»
110 + —
* ™
. . »
100 + 7
* *
&
*
an + » » -
[ ]
»
L. .
- *a
. ™
Tor » -
™ g
N * _
BOF g .
. -
*
50 - . -
. . @ »
.
40 -
»
L 3
*+ % »
a0 - ™ - . -
. * + @
1 1 1 1 1

40 Gl al 100 120



1210

110

100

a0

G

70

Al

al

40

ai

RAIMIRAAL ME A =5 507 T04e-043

'I

dl

g0 ad
STRIP WIOTH=2

100

120

100

30

an

70

a0

al

dq0

a0

20

10

RAIMIEASL ME & =T RT18288-072

o ' —
&
o ‘ —
- '
B & .
-
*
= 'S -
¥
B * .
&
L . .
- * -
¥ -
L
*
B & ‘.].. & . L . - -
- - LES
| | | |
Falll 40 g all]
STHIP WIDTH=2

100



MURBER OF POIMNTS= 32, SECOMDS ELAPSED=1.5103552+00

120 F - - - - =
™
110 . * .
.« * *
-
on F % -
. L
™
ai + -
™~
an + e .
»
J0r s ® -
GO - ]
»

o ® -
40+ L.
* - i‘

. o o
a0+ . ]




20

10

an

Al

all

£

al

=11

40

20

MINIMAL NFA=4. 57647 4e+00

]
i. b
. .
_ * o _
» »
>
L J
I .. i
L
I .« * i
-.-. -
L
I ™ i
L ]
i
40 G0 g0 100 12d

STRIPVADTH=1

100

a0 F

a0 b

Jor

G0+

a0 b

40

a0+

MINIMAL NFA=3.33436a6+01

STHIP WIDTH=2

100



RUMBER OF POINTS= 534, SECONDE ELAFSED=1.927 1952400

|20 F - - - - -
. »
110 . -
- L L

! L L _
| 0 .

I *» i
A - »

.
&l . -
" %
70+ » * e -
.
GOl - -
.
. ]
o - » -
" .
40 - * ]
o %

30 - 4 -

40 50 o0 100 120



120

110

100

=

an

70

al

al

40

a0

HMINIMAL HFA=6.37607 4e-02

B0 2l
A TRIPWIDTH=2

100

120

| 00

ar

all T

mr

kO F

&0 F

40 b

30

20

0 F

MINIMAL HFA-4.912696e-01

0 =i 40 B0 g0 10

S TRIF WIDTH=Z



HUMMBEER OF FOIRTS= 16, SECORMDE ELAFSED=-3.6332502-07
120 F T T T T 3

=100 —

[=10 —

ETS —

S0 —

<40 0 [=1ul io0ad 1Z0



120

110

100

a0

an

Fal

Gl

al

4l

a0

PAIHI AL MFA=Z.544279e+00

i ] * * :
il L » » :
" + L * :
® * »* * :
L
a0 a0 il 100 1Z0

ATRIF WIDTH=2

100

a0

an

70

G0

al

40

a0

2l

10

PMINIWIAL HF A=1.302293e+01

el

40

STHIF WIDTH=2

alll

]

100







































