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Abstract: In order to retrieve knowledge from the old and voluminous text books its necessary to develop a
method to reconstruct the scanned pages texts while defection of these old text pages is very usual which
causes two major problems, the shadow of text which is caused by the scattering of ink over the wet paper and

the deformation of old paper which naturally occurs as a result of temperature and humidity variations and
causes the text to be seen curved and unrecognizable. It’s the objective of this present work to represent a

method resolving the two inconvenient. First, the border between the text and its shade should be determined
utilizing a connected component analysis based noise reduction method. Second, the discovered borders are

compared with the previously standardized letters edges and then the current text is identifiable. The method
1s experienced at several pages and results are displayed.
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INTRODUCTION

This current job is mainly stimulated by the two
inmediate work pressures at “national archives of
Singapore and NUS digital library”. One urgent project
was about to store the large amount of old hand written
documents and second to store the old thesis and books
which were typed but deformed over time. While the hand
writings had the problem of scattered ink shades and
irretrievable letters the typed books are also difficult to be
scanned properly because its not possible to put the
pages on flat position due to the physical pressure
caused by the glued edge of pages which conforms a
solid colummn. This creates a shadow to be casted on the
glued side of the page which is scammed and the
deformation of letters over the curved paper surface. This
situation is more or less similar to the condition occurs for
hand written pages. Before attending to bid a new job on
solving these issues we committed a survey on the
previous jobs. Baird has presented a six parametered
algorithm (Baird, 2007, 1999) but its not clarified about the
contributed share of each parameter which are to be
presumed at practice when we face the matter of extracting
info from various kinds of deformations at a number of
different pages. Kanungo et al. (1993) has suggested a
model to remove the image distortions but this
method assumptions and
parameters which may not be determinable at a real
experience. So, at our work here we are not going to utilize
any parameter adaptation to the current environment

also relies on some

stages.
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Here we have benefited from a modified version of
Niblack Binary ITmage Processing Method to remove the
shade and then created the comnected components to
remove the noise and rearrange the bent letters at the
shaded area. These operations are executed through four
main stages:

Indication of shade and text borders
Converting the image to a binary mode
Reconstructing and analyzing the connected
components

Final regulation of the image with bent letters
These four stages are explained in next study.
DETERMINING THE SHADE BORDER

Figure 1 depicts an example of scanned gray image of
a thick book’s page assuming that each picture contains
one page it can be observed that only the words at the
shadowed hazy area are deformed and bent so we limit the
worle of letters reformation to the shade vicinity. At this
level, we first create a projection profile from the
image to determine the location of the projection
pike that delegates the location of shade at the
original image.

Next, the image texts should be read at horizontal
order right from the location of profile’s pike. Each read
line should be assigned a break point ‘B’ which indicates
the border between the shade and clear area. This B
should be defined with this equation:
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apter will present methods for ealibrating cameras and depth mea-
t systems such as binoculsr stereo and range cameras, The machine
gorithms developed in previous chapters involved the extraction of
ments within the image plane. Measurements, such as the location
ge or the centroid of a region, were made in Lhe coordinate system of
array. We assumed that image plane coordinates could be deter-
i : locations using simple formulas based on the premise that
ntral axis of projection in the image plane (the principal
at the center of the image. We also assumed that the distance
age plane from the center of projection (the camera constant) was
This chapter will cover the ealibration problems associaled with these
I Measurements based on the simple image geometry assumed
OUs s ts can be corrected to trie image plane coordinates us-
olution 1o the interior orientation problem, covered in Section 12,1,
iition and orientation of a camera in Lhe scene can be determined
ng the cxterior orentation problem, covered in Section 12.8. The
erior and exterior ovientation problems provides an overall
nera calibeation problem that relates the location of pixels
an is covered in
2.10. The relativee orientation problem for calibraling the relation-
e two cametas for binocular stereo is covered in Section 124, the
Or copnting depth wessurements from binocular stereo disparities
Mned i1 Seclion 12,6, and the absolute orientalion preblem for con-
Hepth measurenments in viewer-centered coordinates to an absolute
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Fig. 1. A gray scaled image of scanned book page

B ={{A)|0<i=n, = F{,T)} (1)

Where:

n = The quantity of pixels at the horizontal line at the
image

T = The predefined border

F = The return function from the length of the first run

from the pixel at ith line which has a larger intensity
than T. We use T =V ./4 at the current experiment
where V.. 18 maximum intensity of the gray scale
image here

CONVERSION TO THE BINARY IMAGE

To erase the shade a known version of Niblack
algorithm 1s utilized. The Niblack Method acts with
respect to the different thresholds at the image which are
calculated from the local average ‘m’ and the standard
deviation ‘s’ which is calculated at a 15x15 neighborhood.
So, the threshold is obtained for each pixel as p(x, y) from
the equation T(x, ¥) =m (x, y)ks(x, y) at the center point of
the neighborhood. *k” is a user defined parameter which
should be negative. However this rout may not be the
optimal choice here because of two matters, one 1s that
the method 1s sensitive to the amount of K while its not
possible to maintain a single value for this parameter
which can cover all of the subjected mmages, second
problem 1s that the high rate of salt-pepper noise 1s
unposed to the shaded area. At our improved method
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This chapter will present yaethods for calibrating cameras and depth mea-
sprement systems such &8 hinocular stereo and range cumetas. The machine
vision algorithms developed in previous chapters involved the extraction of
messarements within the iinege plane. Measuroments, such as the location
of agn edga_|9r the centroid of a region, were made by the coordinate system of
tbe image array. We assumed that image plane coordinates could be deter-
wined from image lucations using simple formulss based on the promise that
the location of the central axis of projoction in the image plane (the principal
point) wadi st the center of the image. We ulso sssumed that the distance
of the imege plane from the centar of projection {the camera constant) was
known. This chapter will cover the calibration problems associated with these
isumptions. Measurcments based on the simple image geometry assumed
in previoys'discussions can be corrected to truc image plane coordinates us-
ing the sclution to the interior orientation problem, covered in Section 12.9.
Position and orientation of a camera in the scene cen be determined
b“?”ing‘the oxterior orientation probless, covered in Section 12.8. The
""“fﬂl fe' the interior and exterior arieptation problems provides an overall
]‘:‘:‘I‘:" 9 the camera calibeation problem that relates the location of pixels
1€ image array to points in the scene, Camera calibration is covered in
m.m;"'%n-.w- The relative orientation problem for calibrating she relation-
ethog ?‘Bﬁn tway c;-\moras for Linocnlar stereo is covered in Section 12.4, the
s hphiﬂl‘i«l)m]‘mtlfng clepth messurements fram binocular stereo disparities
vert; Ded in Seolion 12.6, and the absolule orientation problem for con-
"€ depth weasurements in viewor-contered coordinates to an abeolute
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Fig. 2: The result of current conversion algorithm

each s(x, y) 18 normalized with the dynamic range of
derivations ‘R’. Also the local average m(x, y) 1s increased
several times instead of increasing the standard
derivations. This leads to a lesser amount of pepper noise
dots added to the image m response to the decreased
derivations. In addition also the amount of sensitivity
toward the parameter k is deduced too. Equation 2 shows
the improved equation:

(2

Ty = moe,y| 1o 1252

where, s, m are the same with the Niblack Method We
arranged R = 100 and K = 0.1 for the gray scaled
objectives. Figure 2 displays the result of Fig. 1°s
conversion to binary with the reformed method.

RECONSTRUCTION AND ANALYSIS OF THE
CONNECTED COMPONENTS

After conversion to the binary mode we may face a
sizable amount of noise dots like as seen at Fig. 2. So, we
have to distinguish the connected components based on
a 8 membered neighborhood. This 1s also required in order
to grab the letter surrounding boxes which are needed to
correction of bent letters stage.

Noise filtering and removal: Two filtering strategies are
concurrently executed, shape filtering and size filtering.
Shape filtering removes elongated and undisciplined areas
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which are most likely not letters. Size filtering then
removes large spots which are bigger than normal letters.
The mathematic logic behind the shape filtering is
exposed at Eq. 3:

true if (XI-XD)2+(y1—yn)2_

jxsize of (c), ¥(x,y, )€ ¢

false otherwise

F(c) = 3)

where, ¢ mmplicates the subjected commected component
to be checked for the removal (x;, y;) is its centroid
coordinates and (x,, y,) the coordinates for a optional
point at the component. “Size of” is the return function
which determines the number of black pixels at the current
¢ component and j is a default factor which is set at 2.5
here. The result of this filtering approach 1s shown at
Fig. 3.

Categorization of connected components: Tts possible to
have more than one black areas concluded as a single
component like in letter i or j. At such cases we may
acquire undesirable results when we try to reform the bent
letters to perpendicular shape. So, prior to that we should
regroup the excavated connected components based on
the closest neighborhood This operation should be
computed through the following levels:

C]{:}q:;ter 12
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This chapter will present methods for calibrating cameras and depth mes-
garement gyatems sieh as binoeular steren and range couneras, The machine
visem algorithims developed w previous chapters involved the extraction of
pikesiranents wishin the imsge plane. Measurements, such as the loeation
of ac ed.gewﬂ'-the centroud of & region, were mede u the coordinate system of
the bmage Arap. We assumed that image plane cbordinetes coold be deter-
mined fro6 image locations uang simple formulas besed on the prommse that
the loeation of the central axis of prajection in the image plane (the proeipel
PoISt) was At the oenter of the iwage We also sesumed that the distance
of the image plane fom the contet of projession (the camara conctamt) was
knewwn. This chuptar will cover the ealibration problems assoetated with these
essumptions, Measurements based on the simple image geometry asaumed
kL previcas discussions can be corrected to true imege plause cosrdinates us.
ing the solusion t the interiur orientation prablem, covered in Section 124,
position and orentstion of a camern in the scene can be determined

b solvingithe oxterior erientation problem, coverad in Section 128 The
®lution ta the interior and exteviar ariematan problems providos an overell
u‘iuu““ t the eamers calibeation problem that relates the locasion of pixels
nm aitay o points in the soene. Camers eslibration 15 covered in
12.10. Whe rolative orzatation problem far calibeating the relation.
n:bw“ﬁll Tty cateras for Binsenlar stereo is coverced w Section 12.4, the
P for coruputing clepth messurements fram binosular stareo disparities
"Plained in Scelion 126, andl the absolute otdentativn problem for con-
ing depth measurements in viewsr-contered coordutates to an abaoln Lo
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Fig. 3: Enhanced version of Fig. 1 after filtering
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Level 1: assuming a vacant letter box and assign it to
the first unlabeled connected component, we call it as
1

Level 2: as for any P2 pixel at C2 which 1s closer to
any P1 pixel at C1 than the threshold distance of D is
considered as the second component with the same
label at the current letter box

If there had been no candidates to be comprised at
the first letter box then the first level 13 imitated for the
next component as Ci (Sauvola and Pietikainen, 2000). The
result of this approach 1s depicted at Fig. 4 as its
anticipated a suitable threshold distance D will bring
separate boxes assigned for each word.

Word based categorization: In addition to the word
segmentation results, we also require to confirm the
position of the word over the text m order to extract
interpretable sentences. At this job, we execute the
improv ed box-hands methed (Strouthopoulos ef al., 1997)
to participate lines. At the original basic box-hands
method its assumed that the lines are put at nearly perfect
horizontal sort which is not a case of practice here. In
response to the current situation a chain expansion
algorithm is applied on the results of study categorization
of connected components. The function behaves as
following, the vertical position of the box one is compared
to the surrounding nearby boxes at four corners and two
opposite pairs which repeat the same variation of height

2
um‘”

Eﬂlt&l
.umw
mmmmﬂlmmﬁn
messarement BAthil Ehd insed plane] Measnroments| il as £hd [eation
mﬁﬁmnﬂmm

7 mmi@m-m
mm.m@@@_
Eﬂ— Ehd oiaEg [ hled Eesimed ERal Ehd HEfancd
-Eﬂ_[ﬂijaa
_mmmm%u Eroblems associated il Ehssd

IOeviced Jiscussiond o B m-m--—m
_IEIE__MEBEE[E}D
-Eﬂu.ﬂﬁmmﬁ

hd FmeTa calibration problen] bhal F=Iates Ehd oatiod o 7iel
e (3 ol b [0 e Casen] Ealibiation m Gieeed @
VII'I

Ehel ERaGhild BREaLod broblem e oo
i Fiewarentered Gordmated B en Bbaolutd

msm@
-

BT

Fig. 4: Each word is assigned to an individual box
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Fig. 5: Cham connected boxes

are presumed as the neighboring word box. Same results
can also be obtained if we can find three dots which are
positioned at a directed line at the central word box. The
direction of the reference line 13 determined from the
direction of central word which is derived from the liner
regression (Tain et al., 1995). This strategy is illustrated at
Fig. 5.

The linear regression 1s committed through the
perception of following equations. The coordinates of
each connected component centroid (x;, y;) is provided
and the line equation of y = mx+c 18 assembled comparing
the two adjacent centroids. Finally, m and ¢ are calculated
with the below cited equations:

(TS
AS (S

c= ZYi'mEXi
n

“4)

)

Hence, every single text line can be detected by
categorization of all the word which are in contact hands
and boxes.

In comparison with we are not considering the shared
piece between the two points of word’s direction and box
edges as enrolled. Also instead of Hough transform we
utilized linear regression which mduced much less
computation efforts. This simplifications has soared the
effectiveness of the algorithm without reducing the
output image quality.

REGULATION OF THE BENT WORDS

Rearrangement of leaned words stage 1s consisted of
two sub levels of regulating the location and sorting the
direction. Consider a previously detected text line T
extracted at 3-3. We use Hough transform at the center of
all comected components belonged to L and enclose
them to a straight line S. We simply relocate all the words
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Chapter 12
c;]ibratiOn

|
This chapter will present methods for calibrating camoras and depth mes-
surement ystems siteh s hinocular stereo and range comeras, The machine
wagn algarithms developed 10 previous chapters involved the extragtion of
measgneEments within the inege plane, Measuroments, such as the loration
of a0 edgetor the centrowd of a region, were mede L the coordinate system of
the mage Brray. We assumed that image plane sbordinates could be deler-
mined from image Jueations using simpls formules based on the promuse that
the locatiem of the central axis of projection in the image plane (the pricipal
Pomt) wamat the center of the image  We albo smasumed that the distance
o tha iege plane fiom the canter of projection {the camera constant) was
kmown. Thia chepter will cover the cal\bration problems nasoomied with thess
msunptions, Measurctnents based on the simple image geometry sssumed
& previeds discussions can be corrected to truc imege plane covrdinates ng.
ing the solution to the interior orientation problom, cosered in Section 120,
The posiblon and orentation of a camera in the scene can be determinod
by Solving! the rxtetior ordentation probler, covered in Section 12.8 The
slution te the inarior and exterior orientaton problems provides an overall
g»lnlion ) the camera calibration problem that relates the Joeation of pixels
in the image arcay b0 polnts in the scene. Camers calibvation 15 soversd in
Section 12.10. ‘P relative oreatation problem for calibrating the relation
i bevaren two caneras for binocnlar stere is covercrd 1 Section 12.4, the
f““w for coropmiting cepth raessurements fenm binosvlar steren disparities
i oeglsined in Seolion 126, and the abenlute otientation problem for con-
Yuting depth measyrements in viewor-centered eoordmates to an abzalute
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Fig. 6: The final result of enhancing the Fig. 1

of L in a manner that their centroids accord to the this
most likely imposes on the words which are placed at the
shade border (stage 2).

Now it’s time to reform the curved letters. While a
letter is leaned to a side its main diameter is not
perpendicular to the straight horizontal line S and may has
conformed an angle A with it. Now 1its only necessary to
rotate the letter about its centroid with the quantity of A
degrees. The final crop of this work is displayed at Fig. 6
which mn respect to Fig. 3 or 1 1s highly evolved and
improved.

CONCLUSION

At this study, we first presented the problem of
scanned image corruption and then suggested a
correction-enhancement method to solve it. The algorithm
iitially utilized Niblack Thresholding Method to convert
the image into the binary mode. Then, we assumed the
removal of some specific connected components n order
to reduce the noise consequences. Further analysis
executed over the connected components to construct
letter and words boxes and these were on the next turn
modified and used to measure and extract the text lines.
After these Regulating the line texts implies the
rearrangement of each letter’s location and direction.

One of the appealing aspects of further research 1s to
worlk over the repositioning of connected components
utilizing the optical flow methods which may even repair
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the highly damaged letters. First a method to determine
the level of injury should be developed with respect to the
gray level data of each letter or connected component this
data should then be used to estimate the direction and
amount of leaning of the surface paper so an algorithm
can be composed to fix the letters and words. Further
work can be accomplished over the data extraction from
more complicated pictures and documents containing
even graphical data (Zhang et al., 2004).
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