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Abstract: Pattern matching is one of the most widely used methods for compressiclewdllprinted textual images.

The proposed PNbased lossy/losslessropngssissionetheithad Bafsaiidiaen diith §isylisbxtasivalagesgeworksrks dhethe
basis of improving the template matching technique as well as handling the residual patterns in the lossy compression.
To this end, patterns are first compared using the proposgdatempétehintietihgideehrbgue; prgvimprinengetie: afend of
calculating the correlation coefficierdand then, dividing them into fuzzy seBespite English scriptn the Farsi and

Arabic, there are nuemourous compounds of letters to create words. The proptisedi masthodefiesesn @fidieati@pjplication in
English script. But using fuzzy sets has increasedyitsiGgtiglicatiothen Fauesi/Aaedidratiptsargiitwee lhrominent
advantages of the proposed compression method to existing ones include higher compression ratidgyngd #ma

human visual system in order to preserve the image quality as asuphsaibleoskiteecxXpleeiregpeal mestdts rebalts thkow the
higher compression efficienof ti¢E @uopedadetiaidtmiatito tharebeakististanesesiches dbeHBIBR 2 sstdacird.
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INTRODUCTION

Today, many methods are used for the compression
of natural imzagss sswoth ass vesttor ezpadizzdiion [1],
transform-based method [2] arfdadtalstalS].[3But,
textual images have their redundancy at the symbol
level instead of the pixel level. Therefore, the
mentioned methods do not have enough efficiency for
compression of such imagesn@&hetherassasdor fihveth
inefficiency of the mentioned compression methods
for textual images is their low pass behavior. Methods
such as JPEG and JPEG20fiiositiottie thighhighalocal
variationsobfttieei mna@geaaadaat tazsaal dowpaassfifiter.
bi-level textual images, contrary to the natural ones,
almost all the infonmation exist at the edges; thus, the
mentioned low pass filter highly degrades the
compressed image quality. Most ekistkistirigxteatual
image compressiommetietitlsdsarardasasednorpattern

matching (PM) techniquébecause this method can
climinate or decrease the redundancy at the pixel
level. These methods atastifssidiedo two categories

of lossy and lossless The idea of using PM was first
introduced in [4].Thissnme¢tiooldis lossy because does
not code the residual patterns. Also in this method, no
compression method is presented for prototypes. The
combined symbol atalthindQ&€¥Mjnethod [5] was
proposed for the improvement of the previous method
in which for the compression of the residual image,
the tiwa ati immesmesimmeall nwm |emgithh (RL) coding have been
used, similar to thec&arah® G4tatatatdads

Then in the referencis]& method was proposed
which used a preloaded library by alphabet letters in
several fonts, to improve the compression ratio. Also
weighted ANDNNODIT medgtiont aor \WWANN [[7] weess
proposed to improve CSMOne of its author
announced that underquantization noise, the
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efficiency of CSM, PMS and WAN decrease. So, he
proposed the combined size-independent strategy
(CSIS) that operates rather independently from
patterns size. Also in [9], a multi-stage methodeuh

on PM for bi-level textual image compression has
been proposed.

The lossless compression methods based on PM
have been modified and used in some standards such
as G3, G4, JBIG1 and JBIG2. These methods use PM
for the compression of the textual parts of image,
different in coding method and compression of
graphic parts. JBIG2 uses the CSIS to form thetipor
and the arithmetic coding to code the prototypes,
indices and relative positions. Figure 1 shows the
block diagram of basic PM method.

Original Image

Extracting Patterns

Finding similar patterns and Saving the positior]
selecting prototypes to saver#| of each pattern andg

in the library indices
v ‘
Saving residual patterng » Coder

Final Binary Code<—|

Figure 1. The block diagram of the basic PM method

Residual patterns contain differences between each
pattern with the corresponding prototype, and are
considered for better decompression.

The remainder of the paper is organized as
follows: Section 1 explains the purposed method.
Section 2 shows the experimental results of the
proposed compression method and section 3
concludes this paper with a discussion on further
improvement of the proposed compression method.
Also the fourth section contains the refrences.

1. ThePresented Method

The proposed compression algorithm uses the
improved 2D correlation coefficient for estimatithre
similarity of each two patterns. After comparinge th
patterns two by two, different groups of patterasdal
on fuzzy sets are organized. To approach it, petter
are sorted in descending order by their area aold ea
bigger pattern is compared with the smaller pagtern
Also the arithmetic coding is used for coding the
indices, relative positions, prototype library and
residual patterns. Figure 2 shows the proposed
compression method in this paper.

As shown in Figure 2, in the first stage, the
presented method extracts and stors all existant
patterns in the text.

Original Imagt
v
Extracting
Patterns
v
v Saving the position of
Fuzzy Comparat%»r each pattern and
indices
User
A 4 A 4
A 4
i i Savin
Saving residual g L | Coder
patterns prototypes
A

Final Binary Cod

Figure 2. The block diagram of presented improved
PM method

Figure 3 shows an image and its patterns for
instance.

212 P S !
an apple for you

39t pp st o
anappleforyou

Figure 3. An instant of extracting patterns of an
image

At the next step all, patterns are compared with
each other by improved correlation coefficient and
fuzzy sets to reduces the size of library. Figure 4

shows a corrected library and residual patterns
resulted by the proposed algorithm.

O T8 e !

R an p lefory

Figure 4. The prototype library of the image in
Figure3 (Right) and itsresidual patters (Left)

To implement the PM technique, the image is
scanned from up to down and left to right and the
patterns are extracted. The upper left point & th
bounding box of each pattern is considered as it's
position.

1.1. The proposed comparison method using 2D
correlation coefficient based on gravity
center

As it was pointed out, so far, the correlation
coefficient method has not been employed to compare
the patterns. On the other hand, conventionakpatt
comparison methods contain long calculation and
increase compression time. JBIG2 standard uses four
continues local shifts and calculation of XOR, WXOR
or WAN in each time to compare two patterns. This
takes a long time and enlarges calculation. Alsallo
shifts caused by undesirable noise on the edge of
patterns, decrease the accuracy of comparison.
Figure5 shows the local shift caused by a noisthen
under edge.
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Absolutely elimination of the effects o
undesirable noise on the edges of patterns, ineitba
accuracy of comparsion process.

Figure 5. The resulted shift that caused by noise on
the edge

The presented algorithm uses the gravity cent
improve calculation of correlation coefficienThe
main advantage of this method comparing h
methods that use geometric center is eliminatiohe
effects of noise on the edge. Becaaesen just som
affected pixels by noise causeuch movement i
geometric center. But whereas averaging is use
calculation of gravity center, ffacted pixels don’
causeconsiderable movement in gravity center. -
following steps at below describe improvement of
correlation coefficient that presented in this paje
compare two patterns; Bnd B:

A) Estimation of gravity center of pattern; and
P,: This could be achieved by several meth
like using index of black pixel

R,(x°,y%) ={R, OP(x, y)| P, (x°, y°) =1}

& 0 & 0
% 2 (1)
Cc A ’ Cc A

A =Numberof blackpixels.

Figure6 shows three examples of pattern their
gravity centers.

() I

Figure 6. The gravity center of patterns

B) Translation of P1 and P2 to bigger and si
size blank patterns R1 and Rbhis translation mus
be such that the gravity centen§ smaller pattern
locate in the middle of bger patterns ( R1 , Rz
Figure 7 shows this process.

C) Calculation2D correlation coefficiel for Ry
and R :
R=fre(X ¥R =Gp(XY) (2)
Mz2A+C-1x=0123...M -1
N=B+D-1y=0123,...,N-1

M-IN-1

Correlation =M—j]\|22[ fi(mn)g(x+my+n)] (3)

m=0 n=0

YR+
b
Srou"e
4 Ra

P>

Figure 7. The improved correlation coefficient method
using gravity center

Table 1 shows the similarity percentage of -
patterns Pand B. As it is observed, this method c
effectively determine the similarity amo of patterns
and eliminate the effects docal shifts as a result of
noise.

P2 D

%7.96

%22

%53.57

%85.38

%95

.
JeoSS
Sen
iy
(A

Pl f S

Table 1. Several Patterns and the magnitude of their
similarity, that are cal culated by the presented method

1.2. Using fuzzy sets

In all existing PM method two patterns are either
similar or not similar. Ris papeiconsiders the human
visual criterionto improvethe compression ratio and
quality by employing fuzzy sets to determine 1
similarity of patterns.

For instance a person has classified patters b
visual comparison from the viewpoint of similar
rate to three groups:

» Similar patterns
e SemiSimilar pattern:
* Notsimilar pattern:

For the abovemention¢ three groups, the
memberkip function of similarity could be consider
as shown in Figure 8According to the propose
membership function, each two patterns are a me
of one of these three fuzzy sets: similar, «-similar
and not similar.
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Membership Function of similarity

1 Not similar Semi-similar Similar

%0 %L %H

%10(
Figur e 8. The membership function of similarity
So prototype library is organizex following

e Saving one pattern from each two sim
patterns as a prototype in the libri

 Saving one pattern from each twsemi-
similar patterns as a prototype and sa\
their residual patter.

e Saving each two not similar
separatelyn the library as a prototyg

pattel

Figure 9shows organization of library and resid
patterns by fuzzy sets.

Human visual standard

v

The collection of al
Membership function | eyistantpatterns in thi
of similarity image

y 4—,
Fuzzy engine

Similar patterns set

A 4

»| Semi-similar patterns s

A 4

Not similar patterns set

Fuzzy Processor [«

I
v v

Prototypes

Residual Pattern

Figure 9. The organization of library and residual
patterns by fuzzy engine

(4) Describes the function of system fc
comparison of tw patterns A and B. As distinguish
from (4) the compressionwill be lossless, i
L=H=100.

2D -Corr (A B) = D5
if D,gO[0,L) = Not Smilar
(4)

={if D,,0[LH] = Semi-Smilar

it Dy O(H100 = Smilar

1.3. Improving the storage of residual patterns

Table 2 shows instances of s-similar pairs P
and B and thecorrespondent residual pattern t
resulted during a real compression proc

P, P, R
N
L T W) At e
)ﬂ ﬁ cadfl
é’.

Table 2. Members of semi-similar fuzzy set (P, P2)
and their residual pattern (R)

In many cases, residual patterns are simil each
other. In conventional methods and also in JB
standard saving similar residual patterns decre
ratio and efficiencyof compression. The present
algorithm in this paper compares residual pattent
eliminates similar patterrte achieve beer efficiency.
Experimental results show more than
improvement in compression ratio by employing
technique.

1.4. Presented new symbolsfor arithmetic coding

The presented algorithm in this paper uses a
contextbased arithmetic coding that is rively
desirable and faster than the method in JB
Because against used method in JBIG2, empl
contexts in the new method don't overlap with e
other and convert each four pixels to a symbol.
there are %16 different symbolsFigure 10 (a) shows
the resulted symbol collectic

(@) (b)
Figure 10. The new presented symbols

Using these symbolso convert patternshas a
considerable resulsymbols 7 and 10 iFigure 10 (a)
appear rarelyTable 3 shows the probaky of each
symbolthat are resulted fro a compression process
of 20 Farsi/Arabic textuamages

Symboal 1 2 3 4
Probability | %19.85| %1.2 %1.3 %1.4
Symboal 5 6 7 8
Probability %1.27 %1.7 %2x10° | 9%0.99
Symbol 9 10 11 12
Probability %2.02 | %2.1x10° | %4.41 | %0.847
Symbol 13 14 15 16
Probability %4.06 %0.825 | %1.197 | %58.91

Table3.The probability of each symbol in FigurelO (a)
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As shown in table 3, probability of symbols 7 and
10 are so week. So,these two symbols could be
ignored in a lossy compression. This connivance
improves compression ratio and decrees compression
time. Thus symbols decrease to 14 symbols as shown
in Figure 10 (b). In continue we use these symhmls
code all patterns.

2. Experimental Results

To experiment the presented method, a
Farsi/Arabic and English image collection selected
that contains 350 images with relatively extended
spatial resolution (208,300 and 400 dpi). The setec
images were not destroyed by deflection, raptue an
adhesion. In the performed implementation, in otder
increase the speed of algorithm, only the patteiitts
less than %15 difference in width and height have
been compared. Also L and H selected respectively i
the range of 70 to 75 and 90 to 95 dependent ogéma
resolution. The selection of these ranges has a
considerable effect on the final output. Figure 11
shows the division of compression ratio (bit peepi
of JBIG2 standard to compression ratio of the
presented method in this paper. This results staw t
efficiency of the presented method is more tharGIBI

standard.
o

3

~
o

( Bit Per Pixel)

—_—
-
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Image Number

compression ratio of JBIG2 standard to
compression ratio of the presented method

Figure 11 . The division of compression ratio (bit per
pixel) of JBIG2 standard to compression ratio of the
presented method in this paper

3. Conclusion

This article presents a PM-based method for
compression of printed Farsi/Arabic and English
printed textual images with relatively extendedtispa
resolution and simple structure. In the existing-PM
based methods, the fuzzy sets have not been used.
Whereas applying fuzzy sets in this paper to diassi
the patterns according to human visual comparsion,
causes improvement in quality and ratio of
compression.

Experimental results show applying proposed
method for long texts cause better compression.rati
Because more patterns have correspondent prototype
in similar fuzzy set library. Also higher resolutio

causes better compression. The presented method in
this paper has compared with one of the most
conventional standards and refering to experimental
results, the presented method always gains better
compression. The presented method is more proper fo
images with same size and font type. Invreasing the
diversity of fonts ans sizes decreas the compnessio
ration. But in the worst conditions, it will not bess

than reference method.

Improvement of the presented method for images
with different fonts and sizes is decided for coué.
Also increasing the speed of compression process is
considered as future works.
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