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Abstract

This paper presents research on the digital restoration of
scanned two-sided documents suffering from bleed-through,
and the joint compression of the original document and
its bleed-through corrected version. It is often required to
have easy and efficient access to both the original docu-
ment and the restored version. The method works simulta-
neously on both the recto and the verso sides, and requires
four steps: i) registration, ii) segmentation, iii) inpainting
and iv) compression. The first step involves the registra-
tion of the recto and the flipped verso so that bleed-though
on one side will be aligned with the original information
(called foreground) on the other side. An optimization
method based on an affine transformation is used for this
step. The second step requires segmentation of each side
into four regions: ‘foreground only’, ‘background only’,
‘bleed-through only’ and ‘mixed bleed-through and fore-
ground’. Then, the areas identified as ‘bleed-through only’
are replaced with an estimate of the background using an
inpainting technique. Finally the two-sided image is com-
pressed for efficient storage and transmission. Each side
is first compressed using any standard efficient document
compression algorithm such as JPEG 2000. Then the seg-
mentation information identifying the region ‘bleed-through
only’ on each side is compressed using a standard bilevel
compression algorithm such as JBIG2. The information
required to represent the inpainted sections must also be
transmitted.

Introduction

Bleed-through occurs on documents that are written on
both sides of the sheet of paper. The ink from the re-
verse side of the document may have seeped through the
paper over time, or it may simply show through the pa-
per. Such bleed-through can significantly impair the read-
ability of the document and also cause visual fatigue for
the reader. Thus, there is great interest in digital tech-
niques to reduce the visibility of such bleed-through. Fig. 1
shows an extract of the recto and verso sides of a typical
eighteenth century document exhibiting significant bleed-

through. Since the darkness of the bleed-through may be
comparable to, or even greater than, that of some parts
of the desired recto writing, a simple thresholding opera-
tion cannot be used to remove bleed-though. However, by
processing both sides of the document simultaneously, it is
possible to identify regions that are mainly bleed-though,
and replace them by an estimate of the background. Since
the algorithms for bleed-through reduction may be com-
plex, it would be preferable to implement them at the site
of the digital archive. Then a remote user could access
either the bleed-through corrected version (for easier read-
ing) or the original uncorrected version (for authenticity).
However, a researcher may want access to both versions.
Since they are very similar, it is not necessary to indepen-
dently download both versions, as shown in this paper. Ad-
ditional information can be sent to generate the corrected
image from the original uncorrected image with little extra
cost.

Several approaches to bleed-through and show-through
reduction have been investigated. Several authors have
used techniques involving one side of the document only
([1], [2], [3]) using various features that distinguish bleed-
through from foreground writing. While these certainly
perform better than simple thresholding, there is no way to
unambiguously differentiate foreground from bleed-through
without comparing both sides of the document. Knox [4]
and Sharma [5] assume that the distortion is due to show-
through and that the impairment when scanning such a
document can be well modelled by the properties of the
physical scanning process. Then, the show-through can be
cancelled using adaptive filtering techniques [5]. However,
this model does not apply to the case of bleed-through.
Tan et al. [6] propose a method whereby the two sides of
the document are combined into a single composite im-
age for further processing. A manual registration of the
two sides is used, and then a wavelet method is applied
to enhance foreground strokes while smearing interfering
strokes (bleed-through). A modified Canny edge detec-
tor is then used to identify and segment out foreground
strokes.

In our previous work (Dubois and Pathak [7]), we pro-
posed a method that does not highly depend on a model of
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Figure 1: Extracts of (a) recto and (b) verso sides of a document
with significant bleed-through.

the bleed-through process. In this approach, the recto and
verso images are first registered, areas assumed to corre-
spond to bleed-through are detected, and then replaced by
an estimate of the background. We follow this approach in
this paper with some improvements that will be described.
Then, since the bleed-through areas are detected, their lo-
cations can be transmitted in the form of a bi-level im-
age, along with the values to be used to estimate the back-
ground, to generate the restored image from the original
image at the receiver.

Bleed-through removal

Problem formulation

This paper follows the formulation of [7] which is sum-
marized here for completeness, with some minor modifi-

cations to the notation. Let f c
r (x, y) and f c

v(x, y) be the
original continuous-space recto and verso images, defined
in the same coordinate frame. The origin is located in the
upper left corner of the recto image, and thus it is located
in the upper right corner of the verso image, with the x-
axis going from right to left on the verso as illustrated in
Fig. 1. We assume that there exist ideal recto and verso im-
ages representing the writing applied to the front and back
of the paper, denoted f c

wr(x, y) and f c
wv(x, y) respectively,

assumed to be zero where there is no writing; we refer to
these as foreground. Similarly, we assume that there is an
ideal background for each of the recto and the verso, de-
noted f c

br(x, y) and f c
bv(x, y), corresponding to the image

of the paper without any writing. The resulting recto im-
age with bleed-through is formed by combining the recto
background, the recto foreground and the verso foreground
(which causes the bleed-through) according to some func-
tion C, and similarly for the verso image:

f c
r (x, y) = C(f c

br(x, y), f c
wr(x, y), f c

wv(x, y)), (1)

f c
v(x, y) = C(f c

bv(x, y), f c
wv(x, y), f c

wr(x, y)). (2)

Some possible models for the combining function C are
presented in [7]. The goal of our restoration is to estimate
the recto and verso images without bleed-through, i.e.,

f̂ c
r (x, y) = C(f c

br(x, y), f c
wr(x, y), 0), (3)

f̂ c
v (x, y) = C(f c

bv(x, y), f c
wv(x, y), 0). (4)

The recto and verso sides of the document are scanned
to obtain sampled versions. In general, the document must
be turned over to scan the second side, so the sampled im-
ages will not line up properly. We model the geometric
transformation between the two sides by an affine trans-
formation Ap with parameter vector p; this transformation
can model a shift, rotation and even some skew. We thus
obtain the two sampled images

fr[m, n] = f c
r (mX, nX), (5)

f †
v [m, n] = (Apf

c
v)(mX, nX), (6)

0 ≤ m ≤ M − 1, 0 ≤ n ≤ N − 1,

where p = (p11, p12, p13, p21, p22, p23), X is the sample
spacing, and

(Apf)(x, y) = f(p11x + p12y + p13, p21x + p22y + p23).
(7)

The superscript † is used to denote that the sampled verso
image is not aligned with the recto image. Note that for
typical conditions, Ap is invertible, and the inverse is also
an affine transformation At [7].

Algorithm

The proposed algorithm consists of three main steps: (i)
registration: alignment of the sampled recto and verso im-
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ages; (ii) segmentation: detection of the regions designated
as bleed-through; (iii) in-painting: replacement of the re-
gions designated as bleed-through by an estimate of the
background. A brief description of our implementation of
these steps follows.

Registration

As shown in [7], under a simple additive combining model,
the sampled verso can be aligned with the recto using the
affine transformation with parameter t̂ determined by the
optimization

t̂ = argmin
t

∑
m

∑
n

(fr[m, n] − (Atf
†
v )[m, n])2. (8)

The sum may run over a subset of the pixels in the sam-
pled images, including leaving a border. Note that A tf

†
v

involves values of f †
v that are not on the original sampling

structure; we interpolated these using bicubic interpola-
tion. The optimization was generally done in stages. First
the shift parameters (t13, t23) were estimated using a direct
search optimization procedure. Then all six parameters
were refined using the optimization function fminunc
under MATLAB. See [8] for more details of the imple-
mentation. Then, the registered verso image is denoted

fv[m, n] = (At̂f
†
v )[m, n]. (9)

Segmentation

Based on the model of Eq. 1, 2, we can identify four differ-
ent types of regions on each of the recto and verso sides of
the document. These four regions, illustrated in Fig. 2, are
defined as follows for the recto side, with corresponding
definitions for the verso side:

1. R1: Foreground only, fwr > 0, fwv = 0.

2. R2: Bleed-through only, fwr = 0, fwv > 0.

3. R3: Background, fwr = 0, fwv = 0.

4. R4: Foreground and bleed-through overlap, f wr >
0, fwv > 0.

R3: BACKGROUND

R1: FOREGROUND

R2: BLEED-THROUGH

R4: OVERLAP

Figure 2: Illustration of the four types of regions in a document.

Our goal is to segment each side of the document into
these four regions, although the most important one is re-
gion R2; the pixels in this region will be replaced by an
estimate of the background. It is important that pixels in
regions R1 and R4 not be misclassified as region R2, as this
will cause portions of the recto writing to be erased. It is
not serious if small portions of region R3, the background,
are misclassified as region R2. In the method of [7], a
pixel is classified as belonging to region R2 if fv exceeds
a certain threshold, and if fv is sufficiently darker than fr

according to a second threshold. This simple scheme was
found to introduce too many misclassification errors, so a
more elaborate algorithm was devised, as follows.

A few considerations went into the selection of the
new segmentation scheme. One observation is that the
bleed-through may be somewhat diffused as it has seeped
through the paper and thus occupy a larger area on the re-
verse side, so that a pixel-by-pixel comparison between
recto and verso may not work well. Thus, local windows
have been introduced into the algorithm. Roughly speak-
ing, bright areas of the document can be considered to be
background. Areas that are dark on the side of interest and
not on the reverse side can be considered to be foreground.
Areas that are dark on both sides, but more so on the re-
verse side can be considered to be bleed-through, while if
they are dark on both sides but similar, they may be regions
of overlap.

Thus, in a first step, pixels with values larger than a first
threshold were considered to belong to the background. In
our tests, this threshold Tb was chosen to be 90% of the
location of the peak value of the image histogram. It is
not serious if some of the background points are missed.
The second step is to identify points considered to be fore-
ground. In this case, a local window was used, and the
darkest point in the window was considered to be repre-
sentative of the point at the center of the window. Let

WP =
{

(k, l)| − P − 1
2

≤ k, l ≤ P − 1
2

}
(10)

where P is the window size, assumed to be odd. Then, the
following filtered versions of the recto and verso images
are defined:

rmin[m, n] = min
(k,l)∈WP

fr[m − k, n − l], (11)

vmin[m, n] = min
(k,l)∈WP

fv[m − k, n − l]. (12)

If the filtered recto is darker than the filtered verso, the
pixel is declared to be foreground. In fact, we biassed
this decision slightly. If rmin[m, n] ≤ αvmin[m, n], then
the pixel at location (m, n) is declared to be foreground.
Tests on numerous documents led us to choose P = 5
and α = 1.2. The remaining pixels were considered to be
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possible bleed-through. A final classification step assigned
these pixels to either regions R2 or R4. It was assumed that
in areas of bleed-through alone, the recto and verso images
should be highly correlated. Thus, we define c[m, n] to be
the cross-correlation of fr and fv over a Q × Q square
window centered at (m, n). The final decision is to as-
sign the pixel at (m, n) to region R2 if c[m, n] ≥ Tc and
to region R4 otherwise. Again, through experimentation,
values Tc = 0.5 and Q = 15 were found to give good re-
sults. Fig. 3 shows the segmentation of a portion of the im-
age of Fig. 1(b) using the algorithm and parameter values
described above. Once again, the key property required is
that the region detected as R2 not encroach into the regions
R1 and R4 containing foreground; it may extend into the
background region R1 with little serious consequence.

R1 R2 R3 R4

Figure 3: Segmentation of a portion of the verso image of
Fig. 1(b).

Inpainting

Once the region R2 is identified, it should be replaced by
an estimate of the background. Filling in the missing re-
gions this way is known as inpainting [9]. Sophisticated
techniques have been developed to accomplish this task.
However, in this work so far, we have only applied rel-
atively simple techniques, since the background we are
trying to estimate is quite simple. We have filled in the
regions corresponding to bleed-through with a fixed esti-
mate of the background color, either globally or locally.
The result of applying this simple scheme to the image of
Fig. 1(b) is illustrated in Fig. 4.

Figure 4: Restored verso image of Fig. 1(b) using the simple in-
painting scheme described above.

Another example of an original document with bleed-
through and the version corrected with this algorithm can

be seen in Fig. 5.

(a)

(b)
Figure 5: (a) Extract of the recto side of a document with signifi-
cant bleed-through. (b) Corrected version.

Compression scheme

The joint compression scheme we used is quite simple and
is based on existing standards for continuous tone images
and bi-level images. We first compress the original, un-
corrected recto and verso images with a standard efficient
compression scheme adapted to these kind of images, such
as JPEG or JPEG 2000. We tried both of these and several
others as well. For example, with a public domain imple-
mentation of JPEG 2000, we were able to compress the
complete 2176 × 2662 image of Fig. 1 by a factor of 30:1
to give a file size of 4.6 Mbit and achieve a PSNR of 38.6
dB, resulting in a good quality reproduction. Then, rather
than separately compressing and delivering the corrected
image, we transmit the segmentation mask for region R2
as a bi-level image using a standard efficient compression
scheme for such images. In our case, we used a public do-
main implementation of the JBIG standard, although the
recently adopted JBIG2 would be more efficient. For ex-
ample, the segmentation map determined for the verso im-
age in Fig. 1(b) is shown in Fig. 6.

Then, this bilevel image is compressed with the JBIG
lossless compression standard; for the image of Fig. 1, this
data requires only 131 kbit compared to 4.6 Mbit to en-
code the entire image. All that needs to be transmitted in
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Figure 6: Segmented region R2 for the verso image of Fig. 1(b).

addition to that is the list of values to fill in the inpainted
regions. In our previous example, this was only one value,
which is negligible.

Conclusion

It is possible using the methods of this paper, and others as
well, to significantly reduce the visibility of bleed-through
and greatly improve the legibility of old documents suffer-
ing from this defect. For a researcher who wishes to re-
motely access both the original and the corrected version
of the document, it is possible to send both with a data size
only slightly larger than required to send only one version.
This would of course require a special purpose display pro-
gram on the user’s computer. Such a program would al-
low the viewer to easily switch back and forth between the
original and the corrected version of the document.

There still remains considerable work that can be done
on this problem. The segmentation scheme presented here
is quite empirical and could surely be improved using more
sophisticated and rigorous statistical image processing tech-
niques. Similarly, better inpainting algorithms can be used
to further improve the quality of the restored documents.
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Télécommunications center, University of Quebec, from
1977 to 1998. In 1998 he joined the School of Information
Technology and Engineering at the University of Ottawa.
His research has centered on the compression and process-
ing of still and moving images, and in multidimensional
digital signal processing.

Patrick Dano received the B.A.Sc. degree in Computer
Engineering and the M.A.Sc. degree in Electrical Engi-
neering from the University of Ottawa in 2000 and 2003.
In between degrees, he spent time in industry working in
various applications of signal processing (DSL communi-
cations). Currently, he is employed at the Canadian Impe-
rial Bank of Commerce in the Technology sector.

174 Society for Imaging Science and Technology


	32213
	32215
	32216
	32217
	32218
	32219
	32220
	32221
	32222
	32223
	32224
	32225
	32226
	32227
	32228
	32230
	32231
	32232
	32233
	32234
	32235
	32236
	32237
	32238
	32239
	32240
	32241
	32242
	32243
	32244
	32245
	32246
	32247
	32248
	32249
	32250
	32251
	32252
	32253
	32254
	32255
	32256
	32257
	32258
	32259
	32260
	32262
	32263
	32264
	32265
	32269
	32266
	32267
	32268



