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Result: text and non-text matrices
Function FasterR-CNN (Input — image):

. o o .
Input-image FasterR — CNN text-regions;

text-regions x1,y1,x2,y2,region —type DataFrame;

Text-matrix, Non-text-matrix = zero matrix with the same size of
input-image — (h,w);

for each pixel of Input-image do

if the pixel is in one of the text-region of the DataFrame then
| Text-matrix [pixel’s row, pixel’s column] = |

end

if the pixel is in one of the non-text-region of the DataFrame then
| Non-text-matrix [pixel’s row, pixel’s column] = 1

end

end

return Text-matrix, Non-text-matrix:

Function YOLOv3 (Input — image) :

.. like Faster R-CNN ..;

return Text-matrix, Non-text-matrix:

Function SSD (Input —image):

.. like Faster R-CNN ..

return Text-matrix, Non-text-matrix;

Function LayoutParser (Input —image) :

.. like Faster R-CNN ..;

return Text-matrix, Non-text-matrix:

Function Main:

Input-image = from dataset read an image;

F-Text-matrix, F-Non-text-matrix = FasterR-CNN(Input-image);
Y-Text-matrix, Y-Non-text-matrix = YOLOv3(Input-image);
S-Text-matrix, S-Non-text-matrix = SSD(Input-image):
L-Text-matrix, L-Non-text-matrix = LayoutParser(Input-image);
Text-matrix = Combining all four text-matrices;
Non-text-matrix = Combining all four non-text-matrices:
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for each pixel of text-matrix do

if Text-matrix [pixel’s row, pixel’s column] > Non-text-matrix [pixel’s
row, pixel’s column] then
| pixel considered as text-region

end

if Text-matrix [pixel’s row, pixel’s column] < Non-text-matrix [pixel’s
row, pixel’s column] then
| pixel considered as non-text-region

end

if Text-matrix [pixel’s row, pixel’s column] == Non-text-matrix
[pixel’s row, pixel’s column] then
| Using OCRopus

end

end
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Non-text
-2 | j-1 j j*l | j+2

sum=44
i-2 3 3 2 1 1
i-1 3 3 2 1 1
i 3 3 2 1 1
i+1 2 2 1 1 1
i+2 2 2 1 1 1
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-2 | j-1 j jtl | j+2
sum=34

i-2 0 0 0 1 1
i-1 1 1 2 2 2
i 1 1 2 2 2
i+1 1 1 2 2 2
i+2 1 1 2 2 2
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Result: The clean image
Function Binary (Input —image) :
Input-image rghTogray grayscale-image;:
grayscale-image OtsuMethod threshold;
threshold, grayscale-image grayTobinary binary-image:
return binary-image;
Function
median-filter (binary —image,Neighborhood — size : [M,M]):
for i=1:Number be.".fl'uli'j' image pixels do
Value of pixel(i) = median value in a M-by-M neighborhood
around pixel(i)

end
return modified-binary-image;
Function
Initial-labeling(modified — binary —image,epsilon —value : €):

Initial labeling to each CC;

measuring the MajorAxisLength and MinorAxisLength of each label;

for i=1:Number of labels do

if Wm > € or MajorAxisLength(i) == 1 or
MinorAxisLength(i) == I then
| remove label(i)
end

end

return clean-image:
Function Main:
binary-image=Binary(/nput — image):
modified-binary-image=median-filter(binary — image,[3,3]):
clean-image=Initial-labeling(modi fied — binary — image,15);
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" o pixel; value of pixel; ; = 253
olys e d A

e 5
pixeli_j o i1 i i1
i—1 | 255 | 255 | 253

i 255 13 250
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Result: non-skewed image
Function projection(binary-image):
W=binary-image's width;
projection=Number of white pixels per row in binary-image;
x=0;
for i=1:len(projection),i++ do

if projection[i] <= 0.01 * W then

| x+=1

end
end
return x;
End Function
Function main(binary-image):
best-degree=none;
x=0;
for i=-10:10,i++ do
rotated-image=imrotate(binary-image.i);
x_new=projection(rotated-image);
if ¢ < z_new then

X=X_New;

best-degree=i;

end

end
Fbest-degree=best-degree;
for i=Fbest-degree-1:Fbest-degree+1,i+=0.1 do
rotated-image=imrotate(binary-image.i);
x-new=projection(rotated-image);
if pr < x_new then
X=X_New;
best-degree=i;
end

end

non-skewed-image=imrotate(binary-image best-degree);
return non-skewed-image;

End Function
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for i=1:Number of CCs do
foreach pixel of CC; do
HD= horizontal distance between two edges of CC;;
VD= vertical distance between two edges of CCj;
OD-= oblique distance between two edges of CCj;
CCy’s diameter of the pixel= minimum(HD,VD,0OD);
end
final CC;’s diameter= the largest number of repetitions of the diameter
among the CCy;
foreach pixel of CC; do
CCy’s diameter of the pixel=final CC;’s diameter;
end

end
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Function
final-font-sizes (UDiameters,UDiametersNum,SecondFontSize):
BodyFont Size = SecondFont Size;
for i=1:Number of UDiameters do
if UDiameter; > (2 x SecondFontSize) then
«The image has a big titlex;
TitleFont Size = The most number of repetition of the
remaining U Diamet er
end
end
return BodyFont Size, TitleFontSize;
Function Main():
FirstFontSize < Choosing the diameter with the most number of
repetition;
for i=1:Number of CCs do
if Number of CC;’s pixels < (10 x First FontSize) then
| removing CC;’s diameters from diameter’s table
end
end
UD = Sorting unique diameters;
UDNum = Calculating the number of repetitions of unique diameters;
SecondFontSize <= choosing the diameter with the most number of
repetition;
BodyFontSize, TitleFontSize =
final-font-sizes(UD, UDNum,SecondFontSize):
Title Image = ]:
Body Image = |;
for i=1:Number of CCs do
if CC;'s diameter < (2 x BodyFontSize) then
| Body Image < CC;
else
| Title Image <= CC;
end
end
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Abstract

Document layout analysis is one of the critical steps in converting a document
image to its text. Separating textual and non-textual areas within an image and
extracting lines containing text from textual regions is the most effective
preprocessing possible in optical character recognition systems. Failure to
correctly identify areas containing text and, consequently, incorrect recognition
of line coordinates will disrupt all subsequent parts of an optical character
recognition system. Problems such as curvature of lines, skewness of the image,
presence of diacritics and many dots in Persian and Arabic, the proximity of
lines within the image, and pictures with more than one column prevented
previous works from achieving high accuracy in document formatting analysis
systems. In this research, a new method for analyzing Persian document layout
Is presented. The proposed method uses several different ways and a voting
system among them, extracts the textual areas of the image, and then uses the
font size estimate to more accurately identify the lines, which has not been used
in previous works. The proposed method is evaluated on a database that
contains more than 2000 images. In two sections of detecting areas containing
text and extracting lines, the accuracy has reached 98.04% and 99.42%.

Keywords: Document Layout Analysis, Line Segmentation, Text Recognition, Image
Segmentation, Font Size, Voting
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