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Overview

Overview

Text detection method presented in ICPR [huynh et al. 1cPR 2016]:
input label image detected text boxes
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The underlying structure is

@ a hierarchical representation,
@ based on 0-crossings of Laplacian,

@ constructed with quasi-linear time complexity.

— Computation of Tree of Shapes of Laplacian sign (ToSL)
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Overview

Outline

@ Theoretical Background
@ Morphological Laplace Operator
@ Well-Composed Images
@ Tree of Shapes

© Computation of Tree of Shapes of Laplacian sign
@ ToSL Construction
@ Optimized ToSL Construction

© Conclusion
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Morphological Laplace Operator

The morphological Laplace operator: Ag = 6o + eg — 2id

deformation of closed and
contour precise
contour

Yes, g ,
u LoGy7(u) =0 Ap(u) Ag(u)=0

The morphological Laplace operator is simple, self-dual, and provides
closed contour.
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Theoretical Background Morphological Laplace operator

Morphological Laplace Operator

The morphological Laplace operator: Ag = 6o + eg — 2id

u Ap(u) Ap(u)=0
The morphological Laplace operator is robust to uneven illumination.
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Theoretical Background Well-composed images

Well-composed Images

In 2D well-composed images:
@ All connectivities are equivalent [ Latecki JmIv 1098).
@ There are no “critical configurations’: (W™ or "m).

= No connectivity ambiguity. All contours are Jordan curves

A transformation that removes critical configurations make an image
well-composed
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Theoretical Background Well-composed images

Well-composed Interpolation

How to obtain a well composed image:
@ Modification of the pixel values: modify images topology.
@ Interpolation: image has 4 times number of pixels.
Interpolation methods:
@ Local interpolation (e.g., by min, max, median operator).

@ Non-local interpolation (e.g. [Boutry et al. 1sMM 2015].
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Theoretical Background Tree of Shapes

Tree of Shapes (ToS)

e A self-dual fusion of min-tree and max-tree

0
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Tree of Shapes
Tree of Shapes (ToS)

e An inclusion tree of level lines

Image and its level lines (every 5 levels)
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Computation of tree of shapes of Laplacian sign(ToSL)

Tree of Shapes of Laplacian sign (ToSL)

Image u ]—)[ Ap(u ]—)[ A5 (u) ToSL

T T
. . Jordan inclusion
luminance 0-crossings
curves of
0-crossings
background

background

epix('ls [
Ypix(vlﬁ S pixels e piXelS S pixels
Y ixels
e hole interior P e hole interior
AT (u). S(sign( A% (u))). Simplified &, called ToSL.
B B (: positive, negative, and zeroes of A
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Computation of tree of shapes of Laplacian sign(ToSL) ToSL construction

ToSL construction

ToSL is represented by a label map and a parent table:

ERERRERERN Label Parent's ID
e v
rEeerTrrr
| |
Gammmm | wm
EEEENE NN 4

Label map £ + a parent table

The root node:
@ is defined as the sign of median of all points on the contour,

@ has itself as its parent.
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Computation of tree of shapes of Laplacian sign(ToSL) ToSL construction

ToSL construction - Implementation

Main steps:
1. Init an empty labeling map £
2. Scan £ for unlabeled pixel

unlabeled
pixel in £?
parent table £
o Yes

: 3. Get properties P of unla-

. FOLLOW 1 .
CONTOUR beled CC *, assign a label (new
or its parent’s label), and update
* label = parentArray

parent's label
4. Label CC. Continue step 2
until a fully labeled map is ob-
tained

BLOB
LABELING

« label = new label
« update parent table

Lit could be contour length, gradient magnitude, height, width...
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Computation of tree of shapes of Laplacian sign(ToSL) ToSL construction

An example: construction of ToSL with interpolation

Compute the morphological Laplacian Ag(u)

AD ( u )
IIIIIIIII=

@ B B positive, negative, and zeroes of A
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Computation of tree of shapes of Laplacian sign(ToSL) ToSL construction

An example: construction of ToSL with interpolation

Compute AYf(u), and create an empty label map £

Labe Map Parent table

H Label Parent's ID
T v v

(:unlabeled, ®: unlabeled marked border, @ @ @: different labels
@ B B positive, negative, and zeroes of A
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Computation of tree of shapes of Laplacian sign(ToSL) ToSL construction

An example: construction of ToSL with interpolation

Label first CC and mark inner border

A% (u) Labe Map Parent table

AR Label Parent's ID

v v

T i :i i\H
’—Il
Ij:ll‘
LT
i |
T I

O:unlabeled, ®: unlabeled marked border, D@ B @: different labels
@ B B positive, negative, and zeroes of A
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Computation of tree of shapes of Laplacian sign(ToSL) ToSL construction

An example: construction of ToSL with interpolation

Scan £ for unlabeled pixel. Check properties of new region

A% (u) Labe Map Parent table

EESSSSDEDE NI IS IS Label Parent's ID

v v

O ey
IS EEEEEN

O:unlabeled, ®: unlabeled marked border, D@ B @: different labels
@ B B positive, negative, and zeroes of A
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Computation of tree of shapes of Laplacian sign(ToSL) ToSL construction

An example: construction of ToSL with interpolation

Label second CC and mark inner border

Labe Map Parent table

s ] Label Parent's ID
j v v

- _lrj
Samet

DO

(W)

1
Ll
T

*
I
NN
mE
T
OO0«

(:unlabeled, ®: unlabeled marked border, @ @ @: different labels
@ B B positive, negative, and zeroes of A
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Computation of tree of shapes of Laplacian sign(ToSL) ToSL construction

An example: construction of ToSL with interpolation

Scan £ for unlabeled pixel. Check properties of new region

Labe Map Parent table

B iHHH‘H Label Parent's ID
v v

=
LT
EERss
T )
OO0

(:unlabeled, ®: unlabeled marked border, @ @ @: different labels
@ B B positive, negative, and zeroes of A
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Computation of tree of shapes of Laplacian sign(ToSL) ToSL construction

An example: construction of ToSL with interpolation

Filter out third CC which is small

Labe Map Parent table

ul Label Parent's ID

v v
g
H

1)
1|
I
]

NSNS EEEEE]
OO0

i
*
Inene)
I
RSN

(:unlabeled, ®: unlabeled marked border, @ @ @: different labels
@ B B positive, negative, and zeroes of A
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Computation of tree of shapes of Laplacian sign(ToSL) ToSL construction

An example: construction of ToSL with interpolation

Scan £ for unlabeled pixel. Check properties of new region

Parent table

Label Parent's ID

v v
:

OO0

(:unlabeled, ®: unlabeled marked border, @ @ @: different labels
@ B B positive, negative, and zeroes of A
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Computation of tree of shapes of Laplacian sign(ToSL)

ToSL construction

An example: construction of ToSL with interpolation

Label forth CC

Labe Map Parent table

Label Parent's ID

B«
BEE«

(J:unlabeled, B®: unlabeled marked border, ) @ @ @: different labels

@ B B positive, negative, and zeroes of A
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Computation of tree of shapes of Laplacian sign(ToSL)

ToSL construction

An example: construction of ToSL with interpolation

Scan £ for unlabeled pixel. Check properties of new region

AV (u) Labe Map Parent table

Label Parent's ID

B«
BEE«

(:unlabeled, ®: unlabeled marked border, @ @ @: different labels
@ B B positive, negative, and zeroes of A
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Computation of tree of shapes of Laplacian sign(ToSL) ToSL construction

An example: construction of ToSL with interpolation

Filter out fifth CC which is small

AV (u) Labe Map Parent table

Label Parent's ID

COJ0d
ettt
1
1|
(v (-] «
DNIEER |

NS
O

RSN

=
] |

(:unlabeled, ®: unlabeled marked border, @ @ @: different labels
@ B B positive, negative, and zeroes of A
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Computation of tree of shapes of Laplacian sign(ToSL)

ToSL construction

An example: construction of ToSL with interpolation
Scan £ for unlabeled pixel. Check properties of new region

Labe Map Parent table

Label Parent's ID

B«
BEE«

(:unlabeled, ®: unlabeled marked border, @ @ @: different labels
@ B B positive, negative, and zeroes of A
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Computation of tree of shapes of Laplacian sign(ToSL) ToSL construction

An example: construction of ToSL with interpolation

Label sixth CC

AV (u) Labe Map Parent table

Label Parent's ID

|
BEBE <
HREE <

T
RSN
O

- e
i
I

(:unlabeled, ®: unlabeled marked border, @ @ @: different labels
@ B B positive, negative, and zeroes of A
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Computation of tree of shapes of Laplacian sign(ToSL) ToSL construction

An example: construction of ToSL with interpolation

Scan £ for unlabeled pixel, there is no unlabeled pixels

Labe Map

Parent table

Label Parent's ID

D= <
HREE <

E

(J:unlabeled, B®: unlabeled marked border, ) @ @ @: different labels

@ B B positive, negative, and zeroes of A
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Computation of tree of shapes of Laplacian sign(ToSL) ToSL construction

An example: construction of ToSL with interpolation

Go back to original space

Ap(u) Labe Map Parent table
HEEEEEEEES BEEREREEEN Label Parent's ID
SESEEEEEEE | ) v v
SEEEEEEEEE | 1
SEEEEEEEEE | 1
SEESEEEEEE | J
SRLEEERR |
EEESESEEEE | 1
SEEEEEEEEE | 1 @)
SEEEEEEEEE (0000

O:unlabeled, ®: unlabeled marked border, D@ B @: different labels
@ B B positive, negative, and zeroes of A
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Computation of tree of shapes of Laplacian sign(ToSL) Optimized ToSL construction

A particular Well-composed Non-local interpolation

Our non-local interpolation:
@ Only take into account the sign of Ag(u),
@ New pixels are calculated by:
sign(ai) sign(a1) = sign(az)... = sign(ap)

X Jan, ak; sign(an) # sign(ax)
where x is the sign of outside CC
— f is self-dual, symmetrical, and in-between.

f(a1,az...,an) =
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Computation of tree of shapes of Laplacian sign(ToSL) Optimized ToSL construction

A particular Well-composed Non-local interpolation

This interpolation:
@ Follows the same scheme as our ToSL construction,
@ lts topological behavior is deterministic,

@ It could be easily emulated.

—]
ERNNENERET s
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Computation of tree of shapes of Laplacian sign(ToSL) Optimized ToSL construction

A particular Well-composed Non-local interpolation
Output of this non-local interpolation on original map:

@ At critical configurations (& or M):

o Two pixels labeled first are connected (Ng),
o Others two are separated (N,).

@ At other configurations, Ng or Ny are equivalent.

—]
ERNNENERET s

*N,: x-connected neighborhood

L.Huynh et al. (EPITA-LRDE) Hierarchical “A = 0" Decomposition ISMM, Fontainebleau, 2017 16 / 20



Computation of tree of shapes of Laplacian

Modification

Optimized ToSL construction

Some small modification is needed (red) so that we use:

@ Ng for normal pixels,
o Ny for pixels marked as border.

— No need to process 4 times the number of image pixels.

1 LABELING (AD,VD)

2 forall p do

3 | L) 0

4 border(p) + undef;

5 nlabels « 1;

6 forall p do

7 | if £(p) #0 then

8 continue;

9 | if p=po then

10 L+ 1

11 parent[f] = 1;

12 else

13 P«
FOLLOW_CONTOUR(p);

14 if evaluate(P) then

15 nlabels < nlabels + 1;

16 €+ nlabels;

17 parent[f] « £(p_1);

18 else

1o | 0 L)

20 BLOB_LABELING (p,f);
21 return parent, £;

22
23
24
25
26
27
28
20
30
31
32
33

BLOB_LABELING (p, £)
£(p) « £ Q.push(p);
while Q is not empty do
q + Qpop(), N « Ny;
if border(q) = undef then
| N ¢ Ng; /*optimized*/
forall n € N(q) do
if £(n) =0 and
Aa(p) x Ag(n) > 0 then
£(n) & Qpush(n);
clse
border(n) « a;

s while Q is not empty do

FOLLOW_CONTOUR (p)
P.init(); border(p) @ Q.push(p) ;

q ¢ Q.pop(); P.update(q);
forall n e Nilf@ do
if border(n) = a then
Q.push(n); border(n) « a;

return P;

*N,: x-connected neighborhood
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Computation of tree of shapes of Laplacian sign(ToSL) Optimized ToSL construction

Optimized ToSL Construction

This optimization allows us to:
o directly compute ToSL from Ag(u),

@ obtain the same topology as by using interpolation method.

Ap(u) Labeling Map parent table

[T T[T ][] EEEEEEEEE Label Parent's ID
T | [ [ ]

OO

BEEE <
HEREEE<

(
(
l
(
(
(
(
l
L COEE0)

O @ ®m: different labels
@ B B positive, negative, and zeroes of A
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Conclusion

Conclusion

We have presented a morphological hierarchical image decomposition
based on morphological Laplacian that:

o is computed with linear time complexity,

o allows objects extraction with precis contour,

@ performs well in presence of uneven illumination.

N = ELE// &

[

= GUINNESS

=5 BN I:L10 T

K

MEME, O |M Iémb MEM En « @

input label image detected text boxes

gl re
GUINNESS

—— DRAUGHT —

Some result of text detection method using ToSL [huynh et al. ICPR 2016]

L.Huynh et al. (EPITA-LRDE) Hierarchical “A = 0" Decomposition ISMM, Fontainebleau, 2017 19 /20




Conclusion

Questions and Answers

Thanks for your attention!
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|
A backup slide: Construction of ToSL without interpolation

From the Morphological Laplacian Ag(u)

A[] ( u )
(e
ENNEEEEEEN

@ B B positive, negative, and zeroes of A
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A backup slide: Construction of ToSL without interpolation

Compute AYf(u) create an empty labeling map £

Ap(u)+border Labeling Map
0

(

(

(

(

[

(

(
ENEEEEEEEEEN LT [
INEEEEEEEEEE EEEEEEEEEEEE

parent table

Label Parent's ID
v v

(J:unlabeled, B®: unlabeled marked border, 0 @ @ @: different labels

@ B B positive, negative, and zeroes of A
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A backup slide: Construction of ToSL without interpolation

Label first CC and mark inner border

Ap(u)+border Labeling Map

gesannn
[ [ [ [
EEE
C L[] )
NN | EEE |
R B
L ﬂl
[T 1)
|IEEBEEEEE

(J:unlabeled, B®: unlabeled marked border, 0 @ @ @: different labels

@ B B positive, negative, and zeroes of A
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Label Parent's ID

v v
[1]
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A backup slide: Construction of ToSL without interpolation

Scan £ for unlabeled pixel. Check properties of new region

Ap(u)+border Labeling Map parent table

Label Parent's ID

v v
[1]

||
| mEn
E
EjIIIIDIIEI]
ENEEEEEEEEEE EEEEEE | EEN
EENEEEEREEEE NN EEEEEE

O:unlabeled, ®: unlabeled marked border, D@ B @: different labels
@ B B positive, negative, and zeroes of A
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|
A backup slide: Construction of ToSL without interpolation

Label second CC and mark inner border

Ap(u)+border Labeling Map parent table
F ]]{ }} {l[ Label Parent's ID
e M
Eiiinmm (1)
((m . ]
0 !!lﬂ s 2 O
} {IIE;:

T[] Jl'E’;:

EEEEEEEESEEE (00O

O:unlabeled, ®: unlabeled marked border, D@ B @: different labels
@ B B positive, negative, and zeroes of A
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|
A backup slide: Construction of ToSL without interpolation

Scan £ for unlabeled pixel. Check properties of new region

Ap(u)+border Labeling Map parent table
O Label Parent's ID
O C
| | M M
E:§lnmm| i (1]
COm . -
mw !!lt@ﬁt= 2 (I
} {IID[:

SEEEEEEEEEEE ]llBE:

EEEEEEEEEEEE (T

O:unlabeled, ®: unlabeled marked border, D@ B @: different labels
@ B B positive, negative, and zeroes of A
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A backup slide: Construction of ToSL without interpolation

Filter out third CC which is small

Ap(u)+border Labeling Map

O ~~_]Wﬂ_ﬁﬁﬁ—]
L]
HER
u_n

.
H[I]H[_W]N

[EEEan

parent table

Label Parent's ID
v v
1]
2 [

(J:unlabeled, B®: unlabeled marked border, 0 @ @ @: different labels

@ B B positive, negative, and zeroes of A
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A backup slide: Construction of ToSL without interpolation

Scan £ for unlabeled pixel. Check properties of new region

Ap(u)+border Labeling Map parent table

] Label Parent's ID

v v
| SEnEnE @

lE

e = ooES

AR can EE 2 [
ENEEEEEEEEEN { '8%
INEEEEEEEEEE IEEEENENEEEE

O:unlabeled, ®: unlabeled marked border, D@ B @: different labels
@ B B positive, negative, and zeroes of A
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A backup slide: Construction of ToSL without interpolation

Label forth CC

Ap(u)+border Labeling Map parent table
F Label Parent's ID
[ v v
| 1
[ - 2 1
| g 2 -
| - B
EEEENEEEEEE .
SEEEESEEESEE (O

O:unlabeled, ®: unlabeled marked border, D@ B @: different labels
@ B B positive, negative, and zeroes of A
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A backup slide: Construction of ToSL without interpolation

Scan £ for unlabeled pixel. Check properties of new region

Ap(u)+border Labeling Map parent table
[l Label Parent's ID
} v v
= 1
] 2 1
EREEEEEEE_ N =
SEENESNEEEEE | s
EESEESEEEEES OO0

O:unlabeled, ®: unlabeled marked border, D@ B @: different labels
@ B B positive, negative, and zeroes of A
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A backup slide: Construction of ToSL without interpolation

Filter out fifth CC which is small

Ap(u)+border Labeling Map parent table
r Label Parent's ID
u v v
| [
| 2] [
[ a8 -
EEEENEEEEEE [ EE
SEEEESEEESEE (-

O:unlabeled, ®: unlabeled marked border, D@ B @: different labels
@ B B positive, negative, and zeroes of A
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|
A backup slide: Construction of ToSL without interpolation

Scan £ for unlabeled pixel. Check properties of new region

Ap(u)+border

Labeling Map

O

EEET T TEEE_

n
EEEEEEE | §

[

:
g II

1]

| aaaaE

EEEEEEEEEE

EEEn

parent table

Label Parent's ID

v v
(1
i

O:unlabeled, ®: unlabeled marked border, D@ B @: different labels
@ B B positive, negative, and zeroes of A
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|
A backup slide: Construction of ToSL without interpolation

Label sixth CC

Ap(u)+border Labeling Map parent table

Label Parent's ID

0
(
(
(
(
(
(
U

BEREE <
EREEE

O:unlabeled, ®: unlabeled marked border, D@ B @: different labels
@ B B positive, negative, and zeroes of A
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A backup slide: Construction of ToSL without interpolation

Scan £ for unlabeled pixel, there is no unlabeled pixels

Ap(u)+border Labeling Map parent table

Label Parent's ID

BERE <
EREE <

O:unlabeled, ®: unlabeled marked border, D@ B @: different labels
@ B B positive, negative, and zeroes of A
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A backup slide: Construction of ToSL without interpolation

Return to original space

Ap(u) Labeling Map parent table
SNEEEEEEEe anEnn
ENrEEEEEEe

Label Parent's ID

OO

oo

BERE <
EREEE<

O:unlabeled, ®: unlabeled marked border, D@ B @: different labels
@ B B positive, negative, and zeroes of A
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