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Introduction

Executive Summary

@ Reproducible Research

that’s good

@ Document Image Processing

that’s fun

@ Mathematical Morphology

that’s powerful

@ Trees and Graphs

that's in
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Introduction

Starting Point (?)

Planting, Growing, and Pruning Trees: Connected Filters Applied to Document
Image Analysis. G. Lazzara, T. Géraud, and R. Levillain.

— In Proc. of the 11th IAPR International Workshop on Document Analysis Sys-
tems (DAS). Pages 36-40, Tours, France, April 2014.

Reviewer 1:
I wasn’t overly impressed with this paper until I saw Figure 9.
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http://www.lrde.epita.fr/~theo/papers/geraud.2014.das.pdf

Introduction

A Filtering Result (from Fig. 9)

- ¢o(U) =

What’s behind this result?
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Local Outline

What'’s behind this result?

@ ateam work,
@ some pieces of software,

@ a “not so well-known” mathematical morphology class of operators.
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},,

The Olena project: h

@ http://olena.lrde.epita. fr,

@ an image processing platform,

@ with a generic and efficient library (Milena),
@ plus some dedicated modules,

@ free software (GNU Public License v2).
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Introduction

Genericity in Image Processing

Genericity = code algorithms once, use them on many input types

a regular grid an edge-valued graph  a simplicial complex
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Learn More About Genericity for Image Processing

With R. Levillain and L. Najman:

Why and How to Design a Generic and Efficient Image Processing Framework: The
Case of the Milena Library.  In Proc. of the IEEE International Conference on Image
Processing (ICIP). Pages 1941-1944, 2010.

Practical Genericity: Writing Image Processing Algorithms Both Reusable and Efficient.
In Proc. of the 19th Iberoamerican Congress on Pattern Recognition (CIARP). LNCS,
Springer (to appear) 2014.

and also:

Milena: Write Generic Morphological Algorithms Once, Run on Many Kinds of Images. In Proc. of the 9th
—> International Symposium on Mathematical Morphology (ISMM). Pages 295-306, LNCS 5720, Springer, 2009.

Writing Reusable Digital Topology Algorithms in a Generic Image Processing Framework. In Applications of
—> Discrete Geometry and Mathematical Morphology (WADGMM). Pages 1941-1944, LNCS 7346, Springer, 2012.
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http://www.lrde.epita.fr/~theo/papers/geraud.2010.icip.pdf
http://www.lrde.epita.fr/~theo/papers/geraud.2014.ciarp.pdf
http://www.lrde.epita.fr/~theo/papers/geraud.2009.ismm.pdf
http://www.lrde.epita.fr/~theo/papers/geraud.2012.wadgmm-lncs.pdf

Introduction

A DIA Module: SCRIBO

BUSINESS LIFE BUSINESS LIFE

png pdf, html... xml, gui
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A DIA Module: SCRIBO

Features:

@ free software (GNU Public License v2),

@ participation to several ICDAR competitions,
@ online demos,

@ used in collaborative projects,

@ also in industrial context

@ free software is not incompatible with industry,
@ copyright # license.

The SCRIBO module of the Olena platform: a free software framework for document
image analysis. G. Lazzara, R. Levillain, T. Géraud, et al.

— In Proc. of the 11th International Conference on Document Analysis and Recognition
(ICDAR). Beijing, China, Pages 252-258, 2011.
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Reproducible Research

Definition of RR

The ultimate product of academic research is the paper...
...along with its full computational environment.

so provide paper, code, and data!

Key ideas:
@ start from the state-of-the-art
@ reproduce results
@ easily compare, take over, etc.
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About Reproducible Research (RR)

Bibliography:

Electronic documents give reproducible research a new meaning. J. Claerbout,
in Proc. 62nd Ann. Int. Meeting of the Soc. of Exploration Geophysics, pp. 601604, 1992.

WaveLab and reproducible research. J.B. Buckheit and D.L. Donoho,
—> Tech. Rep. 474, Stanford University, Stanford CA 94305, USA, 1995.

Guest editors’ introduction: Reproducible research. S. Fomel and J.F. Claerbout,
—> Computing in Science and Engineering, vol. 11, no. 1, pp. 5-7, 2009.

Reproducible Research in Signal Processing: What, why, and how. P. Vandewalle, J. Kovacevic, and M. Vetterli,
—> |IEEE Signal Processing Magazine, vol. 26, no. 3, pp. 37-47, 2009.

Science Code Manifesto.
—> “About code, copyright, citation, credit, and curation...”
http://sciencecodemanifesto.org/

Our work (Olena, SCRIBO, and the DAS’2014 paper) follows RR!
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http://statweb.stanford.edu/~wavelab/Wavelab_850/wavelab.pdf
http://www.researchgate.net/publication/224360853_Guest_Editors'_Introduction_Reproducible_Research/file/3deec5187ed80bfd9f.pdf
http://rr.epfl.ch/17/1/VandewalleKV09.pdf
http://sciencecodemanifesto.org/

Connected Filters and DIA
Connected Filters and DIA

9 Connected Filters and DIA
@ Connected Filters
@ Applications to DIA
@ More
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Connected Filters

9 Connected Filters and DIA
@ Connected Filters
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Back to the Future (?)

- @o(u) =

RR, SO0 more materials on http://publis.lrde.epita.fr/lazzara.14.das
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Connected Filters and DIA

Connected Filters

We know that mathematical morphology can often look impressive:

C. Links between (©, <) and (©,4)

The nodes of (©,<) which are preserved in (O, <)
are the sup/max-generators of I, i.e., the valued connected
components K € © which contribute effectively to the
(re)construction of I via their associated cylinder function C'g
(see Formulae (13) and (17)). This property can however be
expressed without directly considering the relations between
1 and the cylinder functions induced by o.

Property 6: Let K = (X,v) € ©. We have

< <
(Keb) e (Ke A(—)) V(K # |_|AK1)) (28)
Proof: First note that (£, L) satisfies Formula (28) Let
us now suppose that K # (€, 1). If K = (X,v) € A¥ 6,
then for all 2 € X, we have I(z) = v. If K # | JA® K!,
then, there exists # € X such that /(x) = v. The fact that
A € © then derives from Formula (13). If K ¢ A © and
= LJA® K, then for each x € X, there exists K’ €

(©, <) is a upper-piecewise lattice. (29)

Proof: Let K (X,v) € AYO. It derives from
Property 2 that (KT, <) is a lattice. Since for any z € X
where (X, <) is a lattice, (z, <) is still a lattice, (©,<) is a
upper-piecewise lattice. [ ]

As a corollary, we have the following property, related to
the structure of the equivalence classes of ~g.

Property 8: Let (V.<) be a lower-piecewise lattice. Let
K € O, then

([K]~,, <) is a lower-semilattice.

Proof: Let K = (X, v). Let K’ = (Y,u) € A¥O such
that Y C X. From Property 7, (K', <) is a lattice. Moreover
we have [K]NU C K. As (V,<) is a lower-piecewise
lattice, (u', <) is a lattice. Let (X, v1), (X,v2) € [K].,. We
have X C )\,N\,H(I), and then, from Property (P3), X €
C[Ay,v<u, (1)) Consequently, we have (X, v1VSuvp) € [K]~,,
and the result follows. u

(30)

yet, today we just need to

d et al. (LRDE, EPITA)

< and cC
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The Meta Outline

Why this talk? MM filters are good for DIA people!
Why is that interesting? Connected filters are little known.
How does this work? By planting, growing and pruning trees.

What can it be used for? Denoising, image simplification, object
identification, etc.

Evangelization from the Church of Mathematical Morphology :-)
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Three Messages from the Church

Regarding. . .

... Mathematical Morphology (MM)
Refresh your vision of MM — forget ¢ and 6!

... Connected Filters
Simple and powerful.

... Methodology
In DIA, advocate gray-level morphological strategies.
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Departing From this Typical DIA Workflow

connected
binarization component
document binary labeling label
image — image E— image
low-level
analysis of
components
high-level
page analysis component
segmen- "classifi-
tation cation"

Starting with binarization is hell!
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@ Mid 60’s
Morphology has been invented by Georges Matheron and Jean Serra.

@ 1970-1980
Morphology has been extended to sets (binary images) to functions (gray-level images).

@ End of the 80’s
Morphology on graphs is defined (structurat-etements neighborhood).

@ 1995
Connected filters appear... ...s0 they are not new!

Flat zones filtering, connected operators, and filters by reconstruction. P. Salembier and J. Serra.
— |EEE Transactions on Image Processing, vol. 4, no. 8, pp. 1153—-1160, Nov. 1995.

@ A few years ago
An evangelization attempt:

Connected operators. P. Salembier and M. Wilkinson.
— |EEE Signal Processing Magazine, vol. 26, no. 6, pp. 136—157, 2009.
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http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=5230812

Connected Filters and DIA Connected Filters

There are books:

Image Analysis and Mathematical Morphology—Vol. 1.
J. Serra. Academic Press, 1982.

Image Analysis and Mathematical Morphology—Vol. 2: Theoretical Advances.
J. Serra. Academic Press, 1988.

Morphological Image Analysis: Principles and Applications.
P. Soille. 2nd ed. Springer, 2004.

Mathematical Morphology—From Theory to Applications.
L. Najman and H. Talbot, Eds. ISTE & Wiley, 2010.
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Sets and Functions

An upper threshold set (at level A) of a function u:

[u=Al ={peD, ulp) =1}

u {lu=A]1a

Threshold decomposition principle:  u(p) = sup{ A, peu>A]}.

From morphology on sets to morphology on functions,
the binary operator ¢s.: gives the operator ¢:

(P(U)(p) = sup{ A, pe (Pset([U >A)) }
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Sets and Functions

u {[uzA]h

Two important remarks:

@ MM features invariance by contrast changes:
with g increasing, ¢ og = go ¢.

@ a prioria MM operator ¢ shifts contours.

T. Géraud et al. (LRDE, EPITA) Connected Filters & DIA (L3I, Univ. La Rochelle, FR) 2014-10-02



Connected Filters and DIA Connected Filters

Sets and Functions

u {[u=A]1a

One important idea:

given the set of upper threshold connected components:
{TeCC(u=A] h,

“select components” means filtering without shifting contours.
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Component Selection

Consider that component selection is based on
@ afunction a(I),
@ and a threshold «a.

We can define the binary operator sel? by:

with I a connected component:
sel2(lN = rif a(l) > @, 0 otherwise
with X a set:

sel3(X) = Ureccx) sela(r)-
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Component Selection
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Algebraic Opening

@ is an opening if it is:
@ increasing (u<Uu = ¢(u) <e(U)),
@ anti-extensive (¢ <id),
@ idempotent (g o @ = @).

When the function a is increasing:
@ sel? is a morphological opening (...)
@ a is the “strength” of the operator.

Example: with a(I') = |I'|, we have an “area opening”.
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Structural vs Algebraic Openings

Initial image. Structural opening Algebraic opening
with a disk (r = 15). (a = mr?).
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Structural vs Algebraic Openings

Initial image. Structural opening Algebraic opening
with a disk (r = 15). (a = mr?).
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u {[u=A]1a

With A < u, we have [u> p] C[u = A]...

The set of upper threshold connected components:
Tmax(U) ={le CC([U 2 /\]) ha

is a tree (called max-tree).
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Planting Morphological Trees, then Pruning

Pruning trees:

@ max-tree: Tmax(u) = {I € CC([u=A]) 1a
~» algebraic openings v,

@ min-tree: Tmin(u) = {T € CC([u< A]) 1a
~> algebraic closings ¢,

@ tree of shapes: 7 (u) = {sat(l), T € Tmax(U) U Tmin(u) }
~» grain filters v.

Properties:
@ duality:  Tmin(u) = Tmax(Cu) and ¢ = CyC,
@ self-duality: 7 (u) = 7(Cu) and v = CvC,
@ topographical analogy: VS €7 (u), dS is alevel line.

T. Géraud et al. (LRDE, EPITA) Connected Filters & DIA (L3I, Univ. La Rochelle, FR)
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Components and Trees

(a) image

>0
ol 2,4

(b) max-tree (c) tree of shapes (d) min-tree
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Connected Filters

A morphological operator ¢ is a connected filter iff:

Vu, YpNa, ¢(u)(p) # ¢(u)(q) = u(p) # u(q).

That is a (too) large class of operators!

so we have subclasses:

algebraic openings and closings,
monotone plannings,

]
]
o levelings,
(]
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Connected Operators

A very interesting (and hot) class of filters:
@ Not based on structuring elements (so not like ¢ or o)

@ Considering all the connected components obtained by
thresholding the image.

@ Don’t shift contours; don’t create new ones.
@ Intuitive, powerful, and efficient.

@ Can be implemented as tree filtering.
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Min/Max-Tree Implementation

FIND-ROOT(X)
1 if zpar(x) = x thenreturn x
2 else { zpar(x) « FiND-rooT(2zpar(x)) ; return zpar(x) }

compuTE-TREE(f)
1 for each p, zpar(p) « undef
R « Reverse-sorT(f) // maps R into an array
for each p € R in direct order
parent(p) < p; zpar(p) < p
for each ne N(p) such as zpar(n) # undef H
S ) par(n) «— tree computation
if r+p then {parent(r) — p; zpar(r) —p} H H
DEALLOCATE(Zpar) (no COde mISSIng!)

return pair(R, parent) // a ‘‘parent’’ function

OoNOOA~ON

CANONIZE-TREE(parent, f)

1 for each p € R in reverse order

2 g « parent(p)

3 if f(parent(q)) = f(q) then parent(p) « parent(q)
4 return parent // a ‘‘canonized’’ parent function

image filtering — add about 10 lines of code. ..
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Effective component tree computation with application to pattern recognition
in astronomical imaging.

C. Berger, T. Géraud, R. Levillain, N. Widynski, A. Baillard, and E. Bertin.

In Proceedings of the IEEE International Conference on Image Processing
(ICIP). Pages 4144, vol. 4, 2007.

A Comparative Review of Component Tree Computation Algorithms.
E. Carlinet and T. Géraud.

—> In IEEE Transactions on Image Processing. Vol. 23, Num. 9, Pages 3885—
3895, September 2014.

A quasi-linear algorithm to compute the tree of shapes of n-D images.
T. Géraud, E. Carlinet, S. Crozet, and L. Najman.

— In Mathematical Morphology and Its Application to Signal and Image Process-
ing, Proceedings of ISMM. LNCS vol. 7883, Springer, Pages 98-110, 2013.
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Connected Filters and DIA Connected Filters

Connected Operators as Tree Filtering

input filtered
image image
ltree construction image reconstruction [
attribute attribute-based
computation O, tree pruning (9
> @ ® @ ©®
@ ®©®6 O ©
initial tree with pruned
tree attributed nodes tree
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Applications to DIA

9 Connected Filters and DIA

@ Applications to DIA
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Application: Filtering Everything But Boxes

US. Ot P

SPAC Attack!

etal. (LRDE, EPITA) Connected Filters & DIA La Rochelle, FR)
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Application: Showing Filtered Lines

Emotional Intelligence

Soul City, South Africa's wildly popular soap opera,
spreads public-health os across the continent
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Applications to DIA

Application: An Image Featuring Almost Only Text

Briefing
[Humsers|

Verbatim

‘Nobody is going to be
allowed to do anything here?

ureue e amic s n okt

Pt 5. BARE, chiefofthe divisonofcitical et New York Prsbyerian

“If you are a believer in miracles, this would be one.’

who e H‘n stories last month HEALTR %

e U o

“We should not resort to
violence even if we have
differences.

oo avsom Prntfte

Stsckers kol ssheungedovtofasrowd

oy e Aot st
ot e e i e
provesthe oyl arbirarly enfore

“They should either kill me or organize
asecond round of elections
oo shcsse rranppsione
fethiseconding by o Weperm ncb
]
e S o oo o et

$2,200

“This i the first red carpet that I've
really walked down where I didn't
have to think about holding in my

e s abeing gt wiaetng e Sk s i
B e e i S
enemaionFlmFetal o

e ol s st

Verbatim

“Nobody is going to be

allowed to do anything here?

‘i youarea believerin miracles, ths would be ane

“Thisis who Tam. Thisis my lfe

“They should either kill me or organize
asecond tound ofclections”

“This is the first red carpet that I've
really walked down where I didn't

have to think about holding in my
stomach.’

ai . J—

16 éoo%

etal. (LRDE, EPITA)
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9 Connected Filters and DIA

@ More
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Stopping Pruning Trees...

input filtered
image image
‘tree construction image reconstruction
attribute attribute-based
computation ® tree pruning @
—_— —_—
(ONNO) @ ©®
OJOIOXO, ©
initial tree with pruned
tree attributed nodes tree

Actually we have a tree — so we have a graph!

All the following results are from Yongchao Xu:  http://www.lrde.epita.fr/wiki/User:Xu
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Connected Filters and DIA More

Stopping Pruning Trees...

Shape Filtering (ICPR 2012)

T. Géraud et al. (LRDE, EPITA) Connected Filters & DIA (L3I, Univ. La Rochelle, FR) 2014-10-02



Connected Filters and DIA More

Stopping Pruning Trees...

Object Detection (ICIP 2012)

T. Géraud et al. (LRDE, EPITA) Connected Filters & DIA (L3I, Univ. La Rochelle, FR) 2014-10-02 )
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Stopping Pruning Trees...
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Stopping Pruning Trees...

N . o E— e 2t "%’:mba s

Hierarchy of Segmentations (ISMM 2013)
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Conclusion

e Conclusion
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Conclusion

Conclusion

@ Non destructive (preserve contours).

@ Sound and strong mathematical properties.
@ Take into account all components.

@ Really intuitive to use.

@ Very extensible (many attributes).

@ Efficient.
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Conclusion

Connected Filters: Conclusion

Applications in Document Image Analysis

@ Line extraction @ Object (e.g. logo) spotting
@ Foreground/background @ Document repairing
separation @ Denoising
@ Text identification @ “Smart” binarization

@ Image compression

o Etc.

@ Page segmentation
@ Region classification
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Conclusion

Advertising!

Code and tools available in Olena, a free software platform.

http://olena.lrde.epita. fr

A generic and efficient C++ image processing library.

A framework for Document Image Analysis.
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Conclusion

About Morphology and Graphs

The ultimate recent reference:

A graph-based mathematical morphology reader.
Laurent Najman and Jean Cousty
Pattern Recognition Letters, Volume 47, Pages 3-17, October 2014.

This survey paper aims at providing a “literary” anthology of mathematical morphology on graphs. It describes in the
English language many ideas stemming from a large number of different papers, hence providing a unified view of an
active and diverse field of research.
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http://arxiv.org/pdf/1404.7748.pdf

Conclusion

Thank You!
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