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Abstract—Whenever a document is written on both sides of
translucent paper there is a back-to-front interference, also
known as bleeding or show-through. In the literature there
are many algorithms to filter out the back-to-front
interference in documents. This paper presents a new
quantitative method to assess those algorithms. This method is
based on the synthesis of images with interference.
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l. INTRODUCTION

If a document is written or printed on both sidd€sao
translucent paper, the back printing will be viszed on
the front face. This phenomenon, first addressedhin
literature by Lins in 1994 [3], was calldohck-to-front
interference The Joaquin Nabuco's Letter shown in Figure
1, belongs to the bequest of the Fundacéo Joagaipudd

— FUNDAJ [2], examples such interference.
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Figure 1. Image of historical document with
back-to-front interference

In the literature there are many algorithms thatrewe
developed to filter the back-to-front interferendg, [5],
[6], [7], [8], [9]. This paper describes a quarttita method
to assess such algorithms when applied in colonments
with back-to-front interference.

The process developed here is a “generalizationthef
presented in [4] that works with gray-scale images.

Il. DESCRIBING THE QUANTITATIVE
ASSESSMENT METHOD

The method described here is divided in two steps:

1) synthesis of images with back-to-front interferenee
based on two images without interference; and

2) comparison of the images filtered by an algorithithw
a reference image calculating the PSNR (Peak Signal-
to-Noise Ratio) for each color component in the RGB
space.

The PSNR was chosen because it brings a low

computational complexity compared with parametéiat t
define the quality image by perceptual sense [10].

Back Image -V

Figure 2. Original images of two documents
without back-to-front interference.



l. Synthesis of Images with BackRwment Interferenc

This step starts taking twimages ofcolor documents
without back-tofront interference, as one can see in Fig
2: F —role plays the document front; and- role plays the
document back.

By a composition of the images F and V, using a
channel, a third image RN's generated (see Figure

The color componentsf this new imagare given by:
FVO = aF9+ (1- a)V© @

where the index@) represents the red (R), green (G)
blue (B) color components, ardis the opacity coefficier
of the F image that assumes values from 0 to 1l
Furthermore, the factorl{a) indicates the transparen
coefficient of the F image.

To illustrate this operation, one cémagine F as a colc
glass. The color of each pixeltise color of the glass, th
has opacitya, plusthe color that is behind, reduced by
factor (1-a) that represents the glass transpare

S, Image
Figure 4. Final result of th
synthesis proces

FV,Image
Figure 3. Composition, using
channel, of the Fand V.

Finally, one performs “darker operation” between the
and FV, images, generating the final imag, (see Figure
4). This operation is perforthpixel by pixel, comparin
the luminance of the correspondent pixels on bathges
Following, such operation is described.

o Letf™(ij) andfv,"(i,j) be the luminance values of t
pixels from F and FYimages, respectively, in positit
(i.j) given by

110, ))= 020 ®( j)+ 05879 (j,)+ 0.1149(])
FALG0)= 0200 [ )+ 0.58W O ([ )+ 0.1 ))

where {®(ij),f0).fFG0) and fv,Sij)fvi0),

fv,%)(i,j)) are thecolor vector in the RGB spa of the
pixels from F and FYimages, respectively, in positit
()2

o If )<, (i), i.e., if the pixel from F ha
luminance less tha(darker) or equalo the luminance
of the pixel from FV, then the pixel in the final imag
S, will be the pixel from F. Else, it will be the pilx
form FV,. This is shown in Equation

it 196 1) VG i) then®sO(.i)=1OCi)
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where s© (i j) represents the red (R), green (G)

blue (B) components of the pixel frorr, image in
position (,j).

In Figure 5 is showma block diagram of the synthe:
process. The image indicated by V is the V imageni
Figure 2 mirror reflected.

) —denote the darker operati

Figure 5. Block diagim of the synthesis process.

To assess the filtering capability of the algorighnthe

opacity factor ¢ assumes values from 0 to 10l

(@=0,1, .., 100%).The effect of thea variation on the
final synthesized document , generated from the
documents presented in Figure 2 with V mi-reflected is

presented in Figure 6.

a=0% a =40%



Algorithm k (> F”_Ta K

a =20% a =60%
PSNRY(a)
Comparison (>4 PSN ng) (a)
PSNF (a)
a=80% a = 100% Figure 7. Block diagram of the comparison procese/ben the reference

image F and the filtered image FILI
Figure 6. Synthesized imageg@th different values ofr.

. RESULTS AND ANALYSIS

Il. Evaluating the PSNRs ) .
] ) ] It was selected the algorithm proposed in [8] to
_ After the synthesis process, the synthesized images  demonstrate the proposed assessment method.
filtered by the algorithms to be assessed. Therifilgy ) ) o ]
results are compared with the F image (see Figurgle ~ AS mentioned in the method description it was sgsited
PSNR (Peak Signal-to-Noise Ratio) will be used liis t 101 images with different back-to-front interferenc
step to measure the quality of the resultant imagethe ~ intensity @=0, 1, ..., 100%). These images were filtered
filtering process. As it is working with true-colimages by the selected algorithm and the PSNRs for eadtr co
the PSNR is evaluated for each color componenthén t Ccomponent of each image were evaluated. The resetts
RGB space as follows plotted in a graph (see Figure 8) that brings ie th
horizontal axis the opacity valug used to synthesize the

PSNF? (a)= 20log, — 255 , (4) S, image, and in the vertical axis the PSNR valuehefR,
\/é ALFO6j) filtQ() )P G and B color components.
i=1j=1
H™ W Observing the graph presented in Figure 8 one rbiss

the selected filtering algorithm increases its perfance
when the interference intensity decreases, i.eenwhe
opacity a grows. This behavior is kept whiteis less than

whereH is the image heightV is the image widthf)i j)
is the intensity of th€ component in position |) of the F
image (reference)_grﬁ_ita,k(c’(i 1) i_s the intensity Of_thé: approximately 80%. For opacity values greater tB&f6
component in position {) of the image FILf, thatis the  he gigorithm performance has a slightly downfatis
filtering result of the Simage by algorithnk. occurs because, in documents with almost inexistent
In Figure 7, one shows a block diagram that ilatsts the  interference, such algorithm classifies as ‘“intenfee”
comparison process between the reference imagel Ehan ~ Some pixels belonging to the paper.

filtered image FILT .
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R a=————— (6)
30l G i paper— Inkront
B . | . . .
Algorithm Performﬁngé%—?;‘—;& To exemplify, one takes the image form Figure 1eTh
25| /s//' 1 collected values were
// Ti
— - =23
20 ;/_f/::/// B }Inkfront
T interf = 106 b a = 1261” 52 » 0.47 )
15+ 1 * paper= 201
14
100 (% 1 thus, we can say that such document has a opacity
o coefficient a=47%. An automatic way to know the
5¢ 8 interference value could be obtained by the direct
binarization of the color image. The experiencevghthat
% 10 20 30 40 50 o 70 80 %0 100 around no “grater” than 8%, of .the total nu'mbepitxfels in.
a a document, are translated in black pixels. Thesatlir
binarization implies a greater amount of pixels,
Figure 8. Graphs of the PSNR values of the filténeaiges FILT, using proportional to the opacity coefficient. The retatship

the Fimage as reference. between thea values and amount of black pixels is not

From the set of synthesized images we selecteck thre established, and it is a future work.
samples which represent existent interference ial re

documents from the Joaquim Nabuco's bequest. The

samples witha=40%, a=65% and a=90% (see Figure 9) IV.  CONCLUSIONS
represent images with strong, mid and weak intenies,
respectively. In the same figure, the results efalgorithm
application are shown.

This work introduces a quantitative method to asses
filtering algorithms to remove back-to-front interénce
from images of color documents. This method allawvs
Observing the Filtered images in Figure 9 one cadesice study about such algorithms aiming to know what
that the left image d =40%) does not have a “so good” algorithm is more suitable to filter a specific dowent,
appearance and the others two=65%, 90%) have almost taking to account its opacity. To automate this choice it is
the same “good” appearance. If one takes the qungent necessary estimate sample values from the frontpager
PSNR values in the graph from Figure 8, one will be and interference. Another way is directly binarize color
evidenced that the assessment method proposedihere image, and by a pre-established relationship détertie
consistent with visual inspection, because the P8alRes opacity a by the amount of black pixels of the binarized
are following the visual conclusion. image. With the opacity value evaluated, one chodke
“best” algorithm to filter such document, takingtdn

A study made using this quantitative assessmenhadet account a previous study.

aims to indicate which algorithm is more suitabde ke
applied in a specifier range. Thus, it is interesting to know The PSNR was used to measure the quality of tha fin

“how to determine thel value in a specific document”. image. Work on progress intends to define measiivats
. . . ; o _ inform the readability of the useful informationhet
It is possible estimate the “opacity” of a real doent: preservation of the paper and the fulfiling qualf the
« by the presented model, an interference pixel hasinterference area.
luminous intensitynterf(i,j) given by In some images the interference appears “bluriedtake
interf (i, j)= axpaper(i, j)+ (- a)ink,.(i. ) (5) into account this effect, one pass the image thktrate
1 i ack \"?

play the document back by a low pass filter, befire
werepapel(i,j) andinterf(i,j) are the pixel intensities of ~ synthesis process. The model could be more sogdiiet,
the paper and back ink, respectively; if one uses an adaptive filter that considers th& drom

. . the front image.
* in most cases we can assume that the “back” ink

intensityinkyae has approximately the same value of the ACKNOWLEDGMENTS
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Figure 9. Synthesized and filtered images.



