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Attribute_Tsai™

Attribute  Hertz®

AttributeHuang®

Attribute_Pikaz"™®

Attribute Leung®’

Attribute Pal®8

T

sp=argequallm,=b,(T),my=b,(T),m;=b3(T)]
e
where mk=2 p(g)g* and b,=Pmt+P,mk
g=0
Top=arg max] Eq N Eginar 7)1
where Eg.,: gray-level edge field, Epnary(7) binary
edge field

1

Topt=arg minj — NFiog 2 2} L ed g Thog(udg,7)]
| o=

!

+[1-pdg.7) Jlog[ 1-udg.T) o(g)}
G
+ |1 ) y=m{ T)|

where ud l(1,j), T]= G

To=Arg[most stable point of s-sized object function
Ns(T)]

T o=arg max{=plog p~(1-pylog(1-p)

+ A mrlog i+ mhelog meg) (1 — 07 log Tr

+17p5 10g )}

where w,,=Prob(segmented as background|belongs
to the foreground) etc.

Areal wl( T)]

Topi=arg max{Compactness[ u( T)]} = Penmia(TI 2

over all foreground regions.
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Spatial_Pal_1 and
Spatial_Pal_2%

Spatial _Abutaleb®

Spatial_Beghdadi'®

Spatial_Cheng'®’

Tow=arg max| Hy,(T)+HT)] or Tnpt:arg max| H(T)

+HpT)]
where Hg(T), HidT), HHAT), Hu(T) are the co-
occurrence entropies

(Topt Topt)=arg min{logl (T, TY{1—P(T, T) + H/P(T,T)
+Hy[1=AT.T)]}

where

TT
E pig. g‘l pry,m
=1 B

"Mﬂ

=1 TT| PrT'ﬂ
and
fe 5 — e
pLg.gl plg.gl
Hy=— 2 —log =
B e [1-ATD]  [1-ATT]
X E

Tam=arg min

—2 pER%(T) - log pE°%( T)

where pp™(T) is the probability of sxs size blocks
containing k whites and s®—k blacks
(s=2,4,8,16)

Toe=ma . CJLHT,JRY( foreground) + H,z,( background)}

where Hizy(A)=— 2 Malx, ¥ plx, yilog plxy),
Xy

ia,b,c}, the S-function parameters; {A=foreground,
background}; {x,y}={ pixel value, local average value
within 3% 3 region}.
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Topt = argmin|[Ppp, (T)Qpp (T) + Ppe(T)IogQpe(T) + Pgr(T)logQe(T) + Py, (T)logQp (T)  (F) — 1Y)



OO0 3 (1090 MBBiuiiuieetrtii ettt e e e s s s s e sas st st st e s s nen et et eae e f.

YL Az (99,06] (5,105 ailiw] Y-0-1-)-¥

e (:Slee g Sy S 500 gl S ke s has e (Solad piie g Jlasl g, [V ]
o 90 pl S gt sl eolatul b ool 48,5 (L o1y LS ol oS e b (Slewa S 10 § s imS
St 29551 g 9055 il [, (T, T) (onezs 58 Olg5 odl(T,T) il i o (s, (g, )

1905 a5 5 Dygo d ) L

p(9.9)

T p@.9)
Hf = - iT—\ ZT p(T,T)

=) p(1,T)

log (fy —Y)

Off lile a5 (5,8 cnl Cod 0,5 Gyl |y dipejm b p9d 4250 (09,5 (lgoe ailivajsbay
Sasiwd g polie ol g aiiwn g ez LB [(T,6), (-, D]s [(-,T), (T,G)] slapl 4 diagonal
eriee e lsie 4 wilg o (T, T) (6 dige Gz )l 3525 g 5 poa slo ad o a4

YW AR ‘51914;3] G 90 &l goausS

oS ldd (Staon cnoled gie G lsie 4 Sob (g S 9,80 5l eslinad L [VV] s (s
2 IS 5090 sl ok 5l acgarme N = Y8 (S, o T il e o (sl i o glieil | Lo
o s | ol KoK 5 agi K ol S'sly SXS Uy 51 (ol acgome ) Br 08 oo Sy SXS L b
pElOCkl;p_il 5O e (oo ol pElOCk L oS 058 (o0 (929990 audo DYl k! e e RO
mha galin] X il S 0500 b di S 4 drs o dwke K ols Sely Jlas]
plo a5 j5b plen T o s 4 Ssly eVl 9581 @b 50,5 e STle sty 4 i (S
OSee SzsS sl Sob N0 Bib y0 5 wbioe Gl ey 4 gy Sy sl gl e 25,5 Sl
Ssb Js> gz gabiws 4 Sob ojlal (e alls (S pgal pwais Glize caiogi glp Sl

""Tcs“’ Ceawd 4 VXV g AxAc T VXY sl b sl



2 T N OO0y e 1p90 Juad
hxo A3g (5,135 ailuw] F-V-)-Y

aile (g kel DleMbl 51 sam 4 a5 05d oo dwbe JuSls o 50 ailin] SO da 02,6l Ay ol jo
Olsie 4 T(L)) albwl dalol jo ojls (S oSy (Solaons o gLkl (slo 2ol )y b uily)ly co S
il 25 Dol s e 2l ST el 00 o0ls Lt Sy o ,5(i) sle lazses 5| s
meipsNl Sl as cnl )5 goasie gla by, gl (e 00ls Las B(i) (il yaie (salewg 4 (139 ate)



OO0 3 (1090 MBBiuiiuieetrtii ettt e e e s s s s e sas st st st e s s nen et et eae e fY

e (895 (5,108 aliwl glp 5,08 ailiw] sla o ,95dl F-Y Jgu

T{ij)=m{ij)+k.o(i])

Local_Miblack''® where k=—10.2 and local window size is b=15
N . I
T-{J.,r_|=mruj+-|1+k_=T—‘l |-
Local_Sauwvola™ where k=0.5 and R=128

(1 if Myl i )<1(i,j)*bias
Blij)=: :
|0 otherwise

where M. .0/} 15 the local mean over a w=15-sized
Local White''2 window and bias=2.

T(i.fy=0.5{max, ] i+mj+n)]+min,[ {i+mj+ ]}
where w=31, provided contrast C(ij}=thg{i.j)
— w1, f)=15,
B(ij)=1if i,)=Ty of Mg Ta+ T5> Moanter Ta
where T,=20, T.=20. T;=085 T,=1.0 T:=0,
Local_Palumbo?’ neighborhood size is 3% 3.

”mn_, Tolif)= Taea (L) + RoA1.f)/4

“

14
Local_Bermnsen 2

Local_Yanowitz™'2 where R/} is the thinned Laplacian of the image.

Blijy=1# {[L{i+b jianl{i=b ) ]v[L{i j+B)aL(lf
- b)) ([L{i=b.j+b)al{i—b,j—b)]v[L{i+b.]
—B)aL(i=b,j+b)]}
where
1 MmN =1 N= Ty

Lii =1 0 , w=17, Ta=40

Local Kamel otherwise

Define the optimal threshold value (T, by using a

global thresholding method, such as the Kapur™

method, then locally fine tune the pixels between [ T,
Local_Oh'3 — T,] considering local covariance | To< Top=T1).

B{i =1 if Myl i ))<Ta or opueuli f)>=Ta
Local_Yasuda™® where w=3, T,=50, b=18, T,=18, T; 128, T,=35
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(a) (b) ©
Figure 4.11: Comparing relevance filtering on raw web video training sets when us
the correct relevance prior (dark blue) with using « = 50% (light blue). It can be s:ﬁ
that the latter choice leads to comparable results.

Finally, we address the question how to estimate the relevance prior a. A
simple solution is proposed, namely to set it to a “reasonable” value of 0.5 (which is
typical for web-based training sets as shown in Section 4.3). Figure 4.11 compares
relevance filtering (with temporal neighborhood suppression switched on) when
using the true prior and when using & = 0.5. It can be seen that setting & = 0.5 (i.e.
by filtering half of all positive training samples) gives a performance comparable
to the true value, at least for the range of a = 0.2— 0.5 that is typical for web
video. For SVMs and very noisy training sets, this choice even outperforms an
aggressive filtering.
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Abstract

Most of the works about removing document nonlindiatortion is in Latin document images.
The purpose of removing nonlinear distortion is pemsating page curl and flattening scanned
or camera captured document, so that this docunaeatseadable by OCR. In this thesis a new
algorithm is proposed for removing 3D page curPersian document images. In the proposed
algorithm noise reduction, binarization, smearibgseline detection is done and then words of
dewarped lines are located in the right place.

In the proposed algorithm, DLCM approach is usedlif@ detection. The output of dewarped
image is presented in both binary and grayscaleukayTo evaluate the operation of the
proposed algorithm ,Persia negar which is a Pef3{@R software is used. Experimental results

show good operation of the proposed algorithm.

Keywords: OCR, page curl, database, smearing, destiitmage restoration.



Shahrood University of Technology

Faculty of electrical engineering and robotics

Removing nonlinear distortion in Persian document images

Samira Khosravirad

Supervisor:

Dr Hossein Khosravi

Date: Jan 2013



