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Introduction

* Problem description

e Motivation

Improve performance of OCR
Data compression

Graphics recognition
Browsing and navigation

 Physical and logical structure
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o s WihPeE

Major Source of Document Pages

Books

. Journals

Magazines
Newspapers
Forms and leaflets
Reports



Types of document pages

Consider books and journals
e Title page

* Publisher’s page

e Table of Contents

* Text page

e Index page
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Different types of pages

Text page-1

Text page-2

20 Theory of Discrete-Time Linear Systems

x(n) yn

Fig. 28 of a second-order diff equat

can be realized as shown in Fig. 2.8. Again separate delays are used for both
the input and output sequences.

As seen later in this chapter, the specific cases of first- and second-order
systems are very important in the realization of higher-order systems because
these higher-order systems can be decomposed into a cascade or a parallel
combination of first- and second-order systems.

27 Frequency Response

Until now we have been concerned with the response of LTI systems to
arbitrary input sequences. In this section we restrict ourselves to a special class
of inputs, x() = ¢’“%, in order to investigate the frequency domain represent-
ation of LTI systems. As will be shown, this class of inputs is the set of eigen-
functions of discrete-time, LTI systems; i.c., the output sequence is the input

Itiplied by a plex weighting factor that depends solely on w.

Ccnsld:l a class of input sequences of the form

x(n) = " —<n< o (2.29)
If this input is applied to an LTI system with impulse response A(n), then
from Eq. (2.11a) the output is

Wy = $ nemyeretem @30
— e 3 hmeion @an

= x(n)H(e™) (2.32)
Thus for this special class of inputs, we see from Eq. (2.32) that the output
is identical to the input to within a complex multiplier H(¢®), which is
defined from the impulse response as

HE = 5 himeor (2.33)
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sillouctte sequences from Lapen’s data set: (33 and (b) watk

TABLE 11
0N ExeoRs (OUT 0F 6%) Vinsus NUsiee
D

CrossDATA-SET TEsT; RECoG:
o BMLD, BGVD, AvD ASV

different subjects. Fig. T shows i few examples of the extracted
silhoueties. It can be seen tha the silhoucties are nwisy and,
7(d). the subject wore a trench coat that distorted the
silhouetie shape. Table T is the number of recognition errors
(out of 68) versus number of postures. As seen, the recognition
rates are over 95% for BMLD, BGVD, and ASVD when the
number of postures is 60, Notice that BMLD and BGVD
performed better than ASVD. This is probably because ASVD
is less generalized than BMLD and BGVD,
5) Learning ion
tions, we first e

v
when the number of training sampies for the new o
In sharing, we for
tures. In the case g, the algorithm was for

cate three new postures specifically for the new action. In cacl
test, one sample of the action was used as (raining sample
the rest samples of the same action were used as test samples,
The errors showed in the f l over all actions

smoothing significantly reduced the recognition errors and
atial 10 learning a ne Votice th
ring, the ASVD scheme is equivalent (0 the conventiona
methods where the model for each action is trained indepen
demly. Tt is obvious that our method outperforms the conven-

n the case

not s

tional encs.

Fig. 8(b) is the recognition errors of the added new action
against the number of iraining samples. Surprisingly, the BMLD
constantly outperformed BGVD and ASVD, On
achieved over 85% recognition rate for the new

verage, we
n even

ci
ng samples. Wh

though there were only three to four tra

the number of training samples
95%
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We also evaluated the impact on the recognition of previ
ously learned actions when a new action was added. We trained
a system by leaving one action out and tested the trained system
inst the & amples at M = 30, Tn all cases, the training

samples were recognized without any error, We then added the
lefi-out action to the sysiem using the proposed method. The
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Image and Vision Computing 28 (2010) 876950
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Image and Vision Computing

journal hamepage: www. elsevier.com/locate/imavis

A survey on vision-based human action recognition

Ronald Poppe *

Hosran Medic Ineraction Groups Faculy of Electrioa Exgieering, Marhematkcs and Gomputer Science, Universiy of

e, PO Box 217, 7500 AG Enschede, The Netherkoncls

ARTICLE INFO ABSTRACT

e Vision-based
Recived 20 Fetruary 2009 Robust

ved i rovieed forr 1 Seprermber 2008 rd B
Bacepted 30 November 2008

mpur
i settings and inter-7

1an action recognition is the process of labeling image sequences wath action labels.
s problem have applications in domains such s visual surveillance, vid
n

We provide & eales overvia of enerent MPvanees In he Pl Indge fepreaentrions an The s

sepvars

Action. Beseetion

1. Introduction

with action classes. The interest in the twpic is motivaed by the
promise of many appli oth offlive and online. Automatic
anpatation of video enables more efficient searching, for mmme

typ-
in music videos. allows for auto-
matic surveillance ot example 6 shopping nials, but also in smart
homes for the elderly to support aging in place. Interactive applica-
tions, for example in h =COmpuier ints games, also
benefit from the advances in automatic human action recogition.
In this section, we first discuss related surveys and present the
scope of this overview. Also, we outline the main characteristics
and challenges of the field these motivate the various ap-
proaches that are reported in fiterature. e briefly describe
the most common Ahmw\i n its nmpl(‘n lnrm vision-based hu-
man act be ke
extraction, and suhwqw‘m classification of these image represen-
tations. We discuss these two tasks in Sections 2 and 3, respec-
tively. While many works will be described and analyzed in
more detail, we do not intend o give complete coverage of
‘works in the area. In Section 4, we discuss limitations of the state
of the art and outline future directions to address the:

1.1, Scope of ihis overview

The area of human acti
lines of research thar

recognition is closely relared 10 other
 human motion from images and

281,
poppe e xerze il

s
Ema ks

2E2-8855/S - 560 frORT MaCter © 2008 Elsovier BV, All ighs reserved
doi 101015/ 00511034

quent classification process are discussed separately 1o focus on the novelties of recent research.
Moreover, we discuss limitations of the siate of the art and outline promising directions of research.

109 Elsevier B, Al rights reserved

videa. The recognition of movement can he performed ar various
levels of abstraction. ies have bees
used by Moeslund
ity. An action primitive

at the limb level An sct
s of action pimidves pod describes o, gossibly i
whole-body movement Finally, activities contai
subsequent actions, and give an interpretation nl the movement
that is being performed. For cxample, “Teft feg forward” is an action
primitve, whereas ‘Tunning” & an action. Jurmping burdles” s an
ity that Lains starl ping an

e ocus on aetons and i ot expchly oonskder contex: mm
a5 the cnvironment {c.g [ 11913 interactions between persons
1051221 or oigects (e, [4731]). Morcover, we consider orly
Tull-body movements, which excludes the work on gesture recog-
{see 30,891
In the fiekd of gait recognition, the focus is on identifying per-

styles of walkdng movement, 1o be wsed as & biometric cue.
The aim of human action recognition is opposite: to generalize
over these variaions. This is an arbitrary process as there is often
significant intra-class variation. Recently, there have been several
approaches that aim at simultaneous recognition of both action,
and style {eg [2228152]) In this overview, we will discuss
mainly thase approaches that can deal with a variety of actions,

an

1.2. Surveys and tavonomies

There are several existing surveys within the area of vision-
based human morion analysis and recognition. Recent overviews
by Forsyth et al. [28] and Poppe | 10] focus on the recovery

man poses and motion from mage sequeaces.Thiscan b regarded
a5 3 regressian problem, whercas human action recogrition is a

January 30, 2017
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Quantized coefficients;
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Issues in document page scanning

Resolution

Back page impression

Granular noise

Blotted text (specially in old documents)
Bending of pages at the binding

Skew

(due to placement of the page in the scanner)



Entities of Document Page

e Text

— Body text
e Line 2 Word = Character

— Heading
* Non-text

— Half-tone
— Table
— Graphics or line drawing



Entities of Document Page

 Each detected zone or block must be homogeneous
in terms of content or entity
 Each zone will be input to one of the suitable

modules based on entity.
— OCR system

— Image compressor

— Vectorization system

e QOutput of these modules may be compiled and
archived using suitable structure.



Geometrical / Physical structure
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Logical structure

[ er al EXPANDABLE DATA-DRIVEN GRAFHICAL MODELING OF HUMAN ACTIONS BASED ON SALIENT POSTURES

A4 &

Fig. 7. Sample silhbuette sequences from Laptev's data set: (a) and (b) walk: |

[TABLE 1
CROSS-DATA-SET TEST: RECOGNITION ERRORS (OUT OF 68) VERSUS NUMBER
oF Postures For BMLD, BGYD, Axn ASVD

# of Pasturds/Decoding Metbod
VLD

BaVD
[ ASVD

different ‘“h-“‘”-m.i a few examples of the extracted
sithouettes. It can sten phat the silhouetties are noisy and,|

trench coat that distorted the

(out of 68) versus m T of postures. As seen, the recognition| /
rates are over 95% for BMLD, BGVD, and ASVD when Ih:“.
number of postures is 60. Notice that BMLD and BGVD)|
performed betier than ASVD. [This is probably because ASVD|
is less generalized than BMLID and BGVD.

3) Leamning New Actions: With respect (o leaming nesw/ac-
tions, we first evaluated theignificance of \ummlm
shows the recognition errors )/rqlln: cases of sharing FOSTITES
versus not sharing postures and smoothing versus not smoothing
when the number of traini amples for the new action is one. |

In sharing, we forced the algorithm not to create any new pos-
tures. In the case of not sharing, the algorithm was forced 10|

create three new postures specifically for the new action. In each

test, one sample of the action was used as training sample and
the rest samples of the sam tion were used as test samples.
The errors showed in the figure were averaged over all actions)
and all samples in each action. It is apparent that sharing and]
smoothing significantly nition erzorsand arc|
essential to leamni . that,in the case of
not sharing, the quivilent Lo the conventional
methods where the model for-€ich action is trained indepen-
dently. It is obvious that our mefhod outperforms the conven-
tios -

ag fumber of training sayfles. Surprisingly, the BMLD
constantly outperformed BGVDYand ASVD. On average, we

8(b)Js the wul;nm.ms‘{ of the added new action

achieved over 8!
tho

# recognition rate for the new action even
oh there were only to four training samples. When

three

the number of training samples ¢
rate was improved to over 95%.

hed eight, the re

523 usa Imied 1o MIGRG

[ [ eem—
o8] - B sharing
o Sharng + smonthag

Fig. 8. Lea
smoothing. (b) Overall recognition raics
postures. (c) Impoct on the existing system w action is added. (d) A
typi ¢ that a new posture (S30) was cres alk was added 10 the
sysiem as a new action |

imporance of sharing and
ew actions versus aumber of

We also evaluated the impa

on the recognition of previ-
added. We trained
1 out and tested the trained system
mplesat M = 30. In all cases, the training

actions when a new action wa
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* Different entities:
— Text (red box)
— Halftone (green box)
— Table (magenta box)
— Line drawing (blue box)

 Reading direction
(dark blue arrow)
* Link between entities

(brown arrow)
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Zone / block detection

 One of the simple way is Projection method.

e Algorithm

— Take horizontal (or vertical) projection of foreground
pixels. (may be implemented as pixel count)

— |If there exists a characteristic change in projection profile,
put a horizontal (resp. vertical) separator.

— Take horizontal and vertical direction alternately.
— Continue, until above condition is satisfied.

 Works well for structured document, usually the pages of
technical journals, books, etc.



Projection Method: An Example
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Example (contd.)
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Example (contd.)
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Example (contd.)
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Problems of Projection method

e (Cannot say what each block contains until further
analysis.
— Extract features from a zone
— Recognize the zone content using a classifier

 Results are highly dependent even on small skew in
the scanned page.



Zone content recognition

Features:

e Black pixel ratio (no. of black pixel / zone area)

e Horizontal transition (black to white) count

e Vertical transition (black to white) count

e Normalized mean length of horizontal black pixel run
e Normalized mean length of vertical black pixel run

e Connected component ratio

Classifier:

e Two-class (text and non-text)
SVM with RBF kernel (accuracy 94.89%)

Duong, Emptoz, Coté: Features for Printed Document Image Analysis, ICPR 2002.




Zone content recognition

 Functional classification of text blocks
— Title / Heading, Sub-heading, Body text ...

e Features:

— complexity (measured by entropy)

— visibility values (or relative boldness)

— directional compactness (horizontal and vertical)

— geometric characteristics (block height, width, etc.)

e C(Classifier:
— K-means clustering followed by min. distance classifier

Bres, Eglin, and Gafneux, Unsupervised Clustering of Text Entities in Heterogeneous Grey Level
Documents, ICPR, 2002.



Problems of Projection method

e (Cannot say what each block contains until further
analysis
— Extract features from a zone
— Recognize the zone content using a classifier

 Results are highly dependent even on small skew in
the scanned page
— Detecting base line of each text line of the document
— Determining orientation (slope) angle of base line
— Estimation overall skew of the document page



Processing Tool

Spatial domain operator that can handle
shape information directly

Mathematically well defined

Neighborhood operator such that hardware
implementation should be simple



Mathematical Morphology

 Mathematical morphological operators are
good choice.
Objects

* All characters, figures, drawing, i.e., black
components against white background

Structuring element

e Regular geometric figures:

— mostly line segment, square, circle, etc.



Morphological Operations

Set theoretic operations (including union, intersection, etc.):
1. Dilation
2. Erosion
3. Opening

4. Closing



Morphological operator: Dilation

e EXxpands the objects. Sphinx Orig.

A®B={a+bh|aecAbecB]j SE:
Bis SE.

Sphinx |-
* Properties:
] Circ-9
associative,
distributive (over union), - Line-
increasing 19

where A Is an object and




Morphological operator: Erosion

 Shrinks the objects. Sphinx Orig.

AOB={p|B+pecAl

SE:
where A is an object and \ ] ! ’ ] |cires
Bis SE.
* Properties: |
.. ] ) ] Circ-9
Distributive (over intersection),
Increasing.
* Dilation and erosion are dual. I, . Line-

19




Morphological operator: Opening

* Removes objects or parts of it b Orig.
that canjnot fit inpSE. Sphlnx
A-B=(AGB)®B SE:
where A is an object and \ ) I ) l i i | i '.. Circ-5
Bis SE.
* Properties:
Increasing, cire-9
Idempotent,
anti-extensive. — | Line-
e Itis afilter. |




Morphological operator: Closing

« Appends to objects parts of S h 1 Orig.
background if SE does not fit. p lnX
AeB=(A®B)OB SE:

where A Is an object and Spl‘]jI]X Circ-5

Bis SE.
* Properties:
o Line-
19

Increasing, idempotent, and
extensive.

o [tisa filter.
e Opening & closing are dual.




Detecting base line

* Close the original image
with line SE of suitable
length.

 Open the close image
with same line SE.

e Detect black to white
transition in vertical
scan.

Sphinx

S
B ¢

Orig.

SE:

Close
Line-
29

Cl-Op
Line-
29

B-W
trans.



Font

e Traditionally, in metal typesetting, a font is a
particular size, weight and style of a typeface.

 The weight of a particular font is the thickness of
the character outlines relative to their height.

* Font size is measured in point unit.
1 pointin ...... is equal to ...
typographic units 1/12 picas
imperial/US units 1/72 inch
metric (SI) units  0.3528 mm



Size related parameters

e X-height or corpus height

* Ascender Times New Roman: (72 point (300 dpi))
o Descender 24 px cap height

o

ascender height
mean line

base line

e Scan resolution (in dpi)
* Font style: bold, italics, ornamental



Skew correction: An example
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Pages with complex layout

HERBERT MATTER
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Morphological algorithm

Text region is composed of small objects (characters) placed in
regular interval.

Opening the image with small SE removes the thin object
parts (strokes of character), but has insignificant effect on
large objects in half-tone etc.

Closing the image with small SE fills in white holes in small
objects (space within and between character), but has
insignificant effect on large white space or half-tone.

Thus difference between closed and opened image highlights
the text region.

Difference image is thresholded to detect text region.



Morphological approach: An example
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Results

Input test image Resultant (labeled) image

Stefan Sagmeister has been < s ey e s & I
king on ‘Things | Have

e Sof
signboom met
offic

it

=
e - o i
e S PR
s S N e
e P S S
= e =
i i gmhmﬁ
rane s S s | AR
e (e T lever s Anlh
H T
- 1 e e b
o T
ni et A e ooy
fltpmreirladen el Ty
e L TR
it - o e e i b el
S T Bt Somane
e e i o
i e
o w,
e po E
b ] Tour!
o o 00 i ey i e
S ey
e ey e et e 3 b
mpr g |- T e = ot o on W 4]
o hawe 3 siyla which to upholi — L. it 1] R Tl
Ty ey e
Lied Yo Nerass mprambia Tha o be Lo
i Ly e
vt e
o ity o 5w 3
Fder e
aptdip

|
HH
g
i
i

ity ! ety
i R o i)
o T e Gt v
ey
o i e T Tl
= Lo B ey e
S o ek o o
e
g R

5
I
!

January 30, 2017 Indian Statistical Institute 42




Input test image
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44 Herbert had a strong feeling for minute details, and this was exemplified by the distinguished typography he did for the Knoll catalogues 77
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Input test image
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Results

Input test image Resultant (labeled) image
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Deep learning

Popular technique for unsupervised feature
extraction for supervised applications

— Ex. object recognition.

Utilizes HUGE number of instances to train relatively
simpler system to perform more complicated task.

Training samples may be outcome of controlled or
uncontrolled data acquisition.

Requires very high computational resources for
implementing a reasonably meaningful system.



Detect text area using CNN

5. Experimental results

The method produces very good results for many
images within a reasonable time. For example, the
results of images in Figure-1 are given in Figure-4,
where damages are successfully repaired.

Figure-4: Inpainted results of Figure-1. Note that

scratches are removed.
(a) (b) (©

Figure-5: Inpainting of image of damaged arti-
facts. (a) Image of artifact with crack. (b) Crack
region manually marked and declared missing re-
gion. (¢) Inpainted image.

Image inpainting technique can be employed in vari-
ous applications including visual restoration of dam-
aged objects (see Figure-5). This may be considered
as digital restoration of archeological artifacts where
image of the damaged object is inpainted to view the
original look of the object without crack. Note that
here the problem not with the image, but with the
scene or object in the scene.

(a) (b)
Figure-6: Removal of undesired object by image
inpainting. (a) Image with undesired object (bicy-
cle rider). (b) Bicycle rider manually marked and
declared missing region. (c} Inpainted image

(c)

Another interesting and important application is re-
moval of undesired object(s) from the scene. Here
again the problem is not with the image, rather it is
with the scene itself, which contains that undesired

January 30, 2017

Input: A document image

object. However, we treat the image as before. That
means we manually cover the undesired object in the
image and mark that portion as the missing region or
target region. Inpainting algorithm fills up this region
from the environment or source region. Thus image
of the scene is completed without that undesired ob-
Jject (see Figure-6).

So far we have considered the cases where source
region is in the same image that contains the missing
region. However, there are some cases where source
region is so small that it may not contain sufficient
information. In those cases we manually choose rele-
vant images from our database and use them as
source of patches to perform inpainting. An example
is shown in Figure-7.

5.1 Image expansion by texture synthesis

In the aforementioned experiments the missing (tar-
get) regions are always enclosed by the known
(source) region, and filling process starts at the
boundary and gradually progresses inward from all
sides. Question is what would happen if the arrange-
ment is reversed, that means, source region is en-
closed by target regin. Note that boundary detection
is done by local operator (usually logical operation
over a small neighbourhood). So this process does
not discriminate between interior region and exterior
region. Second, the filling process never considers
whether it moves inward or outward, it simply moves
from known to unknown. These observations suggest
that inpainting can be done in regiohs adjacent but
exterior to the source region. In fact, we exploit this
strategy to develop the algorithm for image expan-
sion.

Note that both image magnification and image ex-
pansion increases the size of the image. However, in
the former case the size of objects and background

increases by the same factor, while in the latter their
scale remains same and they are repeated to expand
the extent of the image (see Figure-8).

An interesting application of this method is generat-
ing large motif from only a small part of it as shown
in Figure-9.

6. Conclu

In this article we have presented an automated image
correction method by inpainting which can success-
fully fill in missing information resulted from physi-
cal damage or due to presence of undesired object in
the scene. The method can also expand the image
keeping its components in the same scale, We treat
the problem in a unified way by marking the region
manually and label it as target region to be filled in.

Output:Text / Non-text area
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Solution strategy

Transforming the problem into a classification
Problem.

 Divide the Input image into MxM patches.
* Input: Image patch of size MxM

e Qutput: Text, Non text, and Ambiguous
— Text: if >80% of the patch has text

— Non-text: if <20% of the patch has text area
— Ambiguous: otherwise



Training data

P450 34 and morphine synthesis

Cytochrome P450 3A Enzymes Catalyze the O°-Demethylation of Thebaine, a Key Step in Endogenous
Mammali

ian Morphine Biosynthesis
Valerie M. Kramlinger, Monica Alvarado Rojas, Tt K i, and F. Peter G
From the D of Bi istry, School of | N ilt University School of Medicine,

Nashville, Tennessee 37232-0146

Running title: P450 34 and morphine synthesis

To whom pond should be add d: Prof. F. Peter Gn ich, Dep of Biochemistry,
Vanderbilt University School of Medicine, 638B Robinson Rescarch Building, 2200 Pierce Avenue,
Nashville, Tennessee 37232-0146, Telephone: (615) 322-2261: FAX: (615) 343-0704: E-mail:

f.guengerich@vanderbilt.edu
Key Cy P450, bi is, natural product, oxygenase, morphine, alkaloids
ABSTRACT o2 ion, was not

Morphine, first characterized in opium
from the poppy Papaver somniferum, is one of the
strongest known i morphine

detected. The major enzymatic steps in mammalian
morphine synthesis have now been identified.

has been identified in several mammalian cells and
tissues. The synthetic pathway of morphine in the
opium poppy has been elucidated, and the presence
of common i in planis and

suggests that biosynthesis occurs through similar
pathways (beginning with the amino acid L-
tyrosine), and the pathway has been completely
delineated in plants. Some of the enzymes in the
mammalian pathway have been identified and
characterized. Two of the latter steps in the
morphine biosynthesis pathway are demethylation
of thebaine at the (- and the *-positions, the latter
of which has been difficult to demonstrate, The
plant enzymes responsible for both the &= and the
(F-demethylation are members of the Fe'a-
o e dloxyg family.
Previous studies showed that human cytochrome
P450 (P450) 2D)6 can catalyze thebaine (-
demethylation. We report that demethylation of
thebaine at the (F-position is selectively catalyzed
by human P450s 3A4 and 3A5, with the later being
more efficient, and rat P450 3A2. Our results do not
support O°-demethylation of thebaine by an Fe'Va-
ketoglutarate-dependent dioxygenase. In rat brain
microsomes, Of-demethylation was inhibited by
k le, but not le, suggesting

is the principal

alkaloid p in the opium
poppy, Papaver somniferum. Its mechanism of
action is as an agonist for the z-opioid receptors that
are disiri the brain. Activation of
these receptors is  associated with analgesia,
sedation, euphoria, physical dependence, and
respiratory  depression. The a-binding sites are
discretely distributed in the human brain, with high
densities in the posterior amygdala, hypothalamus,
thalamus, nucleus caudatus, putamen, and certain
cortical areas (1).

A considerable body of evidence exists that
morphine is present in the tissues of various animals
that have not been medicated with morphine or
other related opioids. In mammals, morphine has
been detected in skin, lung, spinal cord, and, most
notably, in the brain (2-4). The presence of
morphine in brain is of particular interest due to the
presence of the p-opioid receptors. In the rat,
morphine levels in structures of the brain have been
quantified and range from 26 fmol/g tissue (found
globally in the brain) to 7.2 pmol’g tissue measured
in the hypothalamus (3,5-7). One study quantificd

hine in the temporal lobe from one human

that P450 3A enzymes are responsible for this
activity in the brain. An alternate pathway to

January 30, 2017

brain tissue at 3.4 ng/g tissue (8). The presence of
morphine in brain tissue in many mammals and the

mil
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Prepare training data

INPUT: document images with manually labeled text area.

e From each image, overlapping patches of size 100x100 are
taken (stride along x, y is 20) and resized to 50x50

 From each image, overlapping patches of size 50x50 are taken
(stride along x, y is 10)

e Each 50x50 patch is divided into 4 patches of size 25x25 and
are resized back to 50x50.

e We get total number of 825670 patches of size 50x50 as
training data from 8 images.

Label: as described before.



Training blocks: Example
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Model description

Input: 50x50 Patch of gray scale.

Layer (type) Output Shape Param #
Convolution2D(3x3 @8) (8, 48, 48) 80
MaxPooling2D(2x2) (8, 24, 24) 0
Convolution2D(3x3 @6) (6, 22, 22) 438
Convolution2D(3x3 @4) (4, 20, 20) 220
Flatten (1600) 0
Dense(7) (7) 11207
Activation(Sigmoid) (7) 0
Dense(3) (3) 24
Activation(Softmax) (3) 0

Total parameters: 11969
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Training the model

Number of epoch: 200

Batch size: 100

Learning Rate: 0.01

Learning weight decay: 0.95
Optimizer: Stochastic gradient descent
Loss function: Mean squared error



Testing

Input: A test image

Take 50x50 patch and submit it to the trained model
If predicted class is text, color that patch as pink.

If predicted class is non-text, color the patch as white.

If predicted class is ambiguous, then

— Divide that patch into 4 patches of size 25x25 and resize to
50x50 and submitted to the model.

— If that 50x50 patch is again ambiguous, then color that
patch as yellow (Ideally it should be done recursively until
we get no ambiguous patch)

— Else color the patch as according to text or non-text class.




Results

Input test image

Resultant (labeled) image
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Input test image

Pari Wit

rgfane, mcat pastonaty ind et
[y e vl

138,000 k2 T st Biwnh

e of a trardiheagh
vty churral 1hal (rakes wise,
ot s k. Thay s gty srch
veniting s e werkd ol

Wie: Warts & B 8 Ml

b ter
W3 R B i bnging s band

Praisen 1 i I RSGn, Unosnacior e ohen

}
ny
!
i
1
3
i

i
i

Ways. Wi e mam of

Do
: oma of e brightast. Mot passion-
temcos

when it comes

to building brands,

we don't have rules,
but we do have
elifs. ,

‘i for your brand s aey pors intha
s, They cha holg: Gelad rarw

brars umagh b, martars. ac n sl

e bring 1 B0 e e Bupen progcts, nceseg

ntor ¥ thay s PRy mort wirk kr Cove Cola,

® comes 1o bukdng wa ol A, Venshan, LK and oo
have ke, DA we 0 havee bools ™

Huckersfiold I O as apent tma o an acasemic. do-

am Engand, Owon Mesdham sgn L,

udsd Bpogriphy. phOSg- b o ety in many

Py and guphc compou.  plmatonsl chos S.ch 48 Lofidon,

W ave) By Seheed of A, Fran

January 30, 2017

or Tha T thicughond 1% recard
Y Cotstratin
wah nchrkal an g

Results

Resultant (labeled) image

Indian Statistical Institute



Results

Input test image
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Results

Input test image Resultant (labeled) image
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An improved network

32x32 25%x25x96 5x5x96 Ax4x256 2%x2x256

[Non-Text]
]

[Text]

L

Convolution Convolution Classification
Average pooling Average pooling

Wang, Wu, Coates and Ng, End-to-End Text Recognition with Convolutional Neural
Networks, /ICPR 2012.
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Comparative results

Simpler system Wang et al.
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Comparative results

Simpler system
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Benchmark database

UW-I, Il, Ill databeases, Developed at University of
Washington, Seattle, USA in 1996.

Widely used earliest database with1620 pages

Zones contain text, non-text such as halftone, line
drawing, math and chemical equation.

The database also contains

— Page condition file : skew angle, noise.
— Page attribute file : dominant font and other content.
— Page bounding box file : location and size of zones.

http://isis-data.science.uva.nl/events/dlia//datasets/uwash3.html



Benchmark database

e Mediateam document database

 Developed at University of Oulu, Finland in1998.

 One of the early databases containing

Text 4811
Graphics 735
Image 161
Composite 219

Duong, Emptoz, Coté: Features for Printed Document Image Analysis, ICPR 2002.
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Benchmark database

Pattern Recognition and Image Analysis (PRImA) Layout
Analysis dataset

Developed at University of Salford, Manchester

1240 ground-truthed pages from magazines (1085 pages)
and technical journals (155 pages)

Used in following contests

— ICDAR 2015 Recognition of Documents with Complex Layouts
(RDCL2015)

— ICDAR2013 Historical Newspaper Layout Analysis (HNLA2013)
— ICDAR2011 Historical Document Layout Analysis (HDLAC 2011)

http://www.primaresearch.org/datasets/Layout_Analysis



Benchmark database

e Historical Newspaper dataset (ENP dataset)

 Developed at University of Salford, Manchester in
Europeana Newspapers Project

500 ground-truthed pages covering
— 13 languages (German, french, English, Estonian, etc.)
— 17th 18th 19t and 20t centuries
e Contains (total regions 61,619) including
— 1,497 image zones
— 208 table zones
— 46,889 text zones

Clausner et. Al, The ENP Image and Ground Truth Dataset of historical newspaper, ICDAR 2015.



Performance evaluation

A document page D may be represented as a m tuple.
D=(E,E, .. E,.)

where E;s are entities such as text, tables, half-tone, etc.

e Each entity has a unique property denoted by Prop.(E;).

e Document page image domain X has n bounding boxes B
(j=1,..., n) with such that:

() U8 X
(ii) B, B, =¢ for j#k
(ii1) For every j there exists one and only one i such that
Prop.(B;)="Prop.(E;)

(iv) W=X \UlnBj Is called background and Prop.(B) = Prop.(E;)



Performance evaluation
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Performance evaluation
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Performance evaluation
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True positive

False negative

False positive
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Performance evaluation

(a)
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Performance evaluation

Both model and object graphs are directed acyclic
graph.
Let us represent the model graph by

Gy = (VM/ L/w)
where V,,={M, M, M,, ..., M, } represents the set
of nodes or vertices and L,, represents set of links.
Note that M, = (BB, bb,E;) and L, = (M, M,).
Similarly the object graph is represented by

G, = (V,y o)
And O; = (Bb, &) and.4, = (O, O,).
Finally, graph matching algorithm is employed.



January 30, 2017

Performance evaluation

i< Attribute list
of ith node of

the model
BBi
E i
Ideal (Model)
(a)

1

i
O < Attribute list
03 ] of jynode of
the object
T
% o _ (™
j B i
T
(Do
Actual (Object)

(b)

Das, Saha and Chanda, An empirical measure of performance of document image

segmentation algorithm, IJDAR, Vol. 4(3), 2002.
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Performance evaluation

* Relation between BB; and bb; in model (groundtruth):
BB, obb; and BB, (1bb, for j =k
 For good segmentation of object node:

bb;, < Bb, = BB, if node M ; matches node O,

e The error measure:
(i) Correct classification (True positive) = #(Bb; N BB,).
(i) False alarm (False positive) = #(Bb; \ BB,)).
(iii) Mis-classification (False negative) = #(bb, \ Bb; ).



Conclusion

Presented a document image segmentation
method based on shape features

Used mathematical morphological operators
Necessary for OCR and data compression

System is useful for development of digital
library providing facilities for electronic
storage, searching, navigation
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