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Abstract This work describes a technique to
align images of ancient documents. Ancient doc-
uments present o significant level of bleed-through.
An important technique for bleed-through removal
requires four images of each leaf: the two sides with
a white and a black background. To align the im-
ages of the document pages, an image Tegistration
approach is required. The images have acquisition
differences due to translation, rotation and geomet-
ric distortions. The adopted image registration ap-
proach is divided into three stages. The first is the
control point selection: images of the pages are seg-
mented into text lines and then each line is seg-
mented into words. Therefore, each selected control
point corresponds to the beginning of a text word. In
the second stage, a matching is performed between
the extracted control points of both images. Finally,
the target image is mapped using thin plate spline
functions to coincide it with the reference image.
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1 Introduction

Ancient books constitute a legacy that
should be preserved. With digitizing tech-
niques it is possible to have these old books
in digital format and able to be reached by a
wider public. One of the problems encoun-
tered for good book reproduction is bleed-
through.

Because most types of paper are partly
translucent, a digital image of one side of
a document is often contaminated by im-
ages on the other side. This phenomenon is
known as bleed-through. In old books, the
paper is more transparent than modern pa-
per and the problem of transparency is more
evident.

The bleed-through is clearly an unwanted
phenomenon that compromises the qual-
ity of the reproduced image. To this end,
a method for removing bleed-through was
proposed by Stolfi [10]. The method re-
quires that each side of the document be im-
aged twice, once against a black background
and another against a white background.
Intuitively, with a black background the
images are not affected by the marks on
the other side, so they are not affected by
bleed-through. With white background, the
bleed-through is more apparent.

Scanning one of the sides of the docu-
ment twice may cause differences in the im-
ages due to translation, rotation and defor-
mation. The method above requires that
the images of pages with black and white
background be aligned before the removal
of bleed-through. To align the two images
of the same page, an image registration ap-
proach is used. There aren’t many works
related with alignment of two pages of the

same document. The works that deal with
this, like [12] and [6], don’t deal with defor-



mation. This paper presents an image reg-
istration technique developed for this pur-
pose.

There are several techniques for each
one of the steps of image registration and
there are several combinations of these tech-
niques. In this work, the page segmentation
in words is used as control point selection.
A novel control point matching, based in
line by line point extraction, is presented.
Finally, a TPS function is applied as a map-
ping function.

In Section 2, the image registration pro-
cess is introduced. Section 3 describes im-
age registration with thin plate splines. The
control point selection is presented in Sec-
tion 4 and the control point correspondence
is described in Section 5. Section 6 de-
scribes the results. Finally, the last section
of the paper presents the conclusion.

2 Image Registration

Image registration is the process of over-
laying two or more images of the same scene
which present differences due to the acqui-
sition process, like temporal or viewpoint
differences. A number of image registration
methods have been presented in the litera-
ture, for example Brown [2] and den Elsen
et al. [3].

Image registration consists of three main
steps. The first step is the selection of
control point in the reference and target
images. The second is the determination
of the correspondence between the control
points. The last is the determination of one
mapping function between both images so
that the differences are minimized.

The mapping function between the im-
ages are f, and fy:

u= fy(z,y) and (1)
v = fy(z,y) (2)

These functions relate the reference image
coordinates (x,y) to the target image coor-
dinates (u,v).

3 Thin Plate Spline
Mapping Functions

When the differences between images in-
clude geometric distortions, it is necessary
to use elastic models to register images. A
method to register images with these distor-
tions is Thin Plate Spline — TPS proposed
by Goshtasby [5]. In this work, the object
of interest is paper, which may be modeled
as an elastic body and TPS was chosen to
be the mapping functions.

The problem of finding the mapping func-
tions f, and f, with TPS can be formulated
as an interpolation problem:

S=A{(zi,yi,wi):  fori=1,...,n} (3)

and

Q = {(ws, yi, v3):

One would like to find smooth surfaces
fz(z,y) and fy(x,y). The surface fy(z,y)
must pass through all points in S and the
surface f,(z,y) must pass through all points
in Q.

The required surfaces may be found
through the expressions

fori=1,...,n}. (4)

fz(z,y) =ap + a1z + agy +

“ 5
Z Firf log r? (5)
i=1

and
fy(@,y) =bo + biz + boy +

. 6
ZGirf log7?, (©6)
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where 72 = (z — x;)* + (y — ;).

The coefficients aq, a1, as and F;, for ¢ =
1,...,n, are determined by substituting the
n control points in the Equation (5) and by
solving the system of (n+3) linear equations

f(xz;yz):uu fori:lv"' y Ty (7)

iFi =0, iF,xZ =0, and (8)
i=1 i=1

Y Fiyi=0. 9)
i=1

The surface f,(z,y) represents the first
component of the mapping function and
the surface fy(x,y) representing the sec-
ond component is determined similarly. Af-
ter the coefficients are determined and the
mapping functions f, e f, are obtained, it
is possible to register the images.

One comment about the cost for calculat-
ing the coeflicients is necessary. This cost
may be very high and is dependent on the
number of control points. The works [4] and
[1] deal with this subject. For this reason,
one may wish to obtain a reduced control
points set.

4 Control Point Selec-
tion

The control point selection is based on
document processing techniques. In the lit-
erature, there are several references to doc-
ument processing like in [9] and [11].

The control point selection was made
with the constraint that the images are
composed only of text. The control point
selection is based on page segmentation.
The page is segmented into lines and then
into words. Each word of the text corre-
sponds to one control point. This segmen-
tation process is similar that used by Muge

et al. [8]. Segmentation into lines is per-
formed with the computation of the projec-
tion profile across horizontal lines of the im-
age. Before the page is segmented in lines it
is necessary to correct the inclination of the
page. There are many techniques for skew
correction and a list of them can be found
in [11].

The word segmentation relies on a length
assumption: the space between two charac-
ters is much smaller then the space between
two words. To solve this problem, it is pos-
sible to construct a histogram of the lengths
of white spaces that are in the line from a
vertical projection profile. This word seg-
mentation policy may fail if the spaces be-
tween words and characters are irregular.
In this case, some words can be split apart
and others can be aggregated.

5 Control Point Match-
ing

Control point matching is complicated by
the fact that the above procedure may re-
sult in a different number of points in each
image. There are many works in literature
that present techniques for control point
correspondence. If n is the number of con-
trol points, the best techniques have com-
plexity O(n?logn).

A novel control point matching algorithm
was developed, relying on the segmentation
performed line by line and on the fact that
the control points are ordered by the col-
umn of the beginning of each word. The
idea of the algorithm is, given two sets of
control points, one for each line, the sets
are visited comparing pairs of points. If the
distance between one pair of points is in a
determined threshold, then this points are
matched and the algorithm continues with
the next points. In the other case, the al-



gorithm searches sets for a point with the
smallest column coordinate and the next
comparison will be between the point of the
set with the largest column coordinate and
the next point of the set with the smallest
one. The control point matching algorithm
complexity is linear with the number of con-
trol points.

The fact that the control point selection
is performed line by line may be applied
for any approach of control point matching,
reducing the computational complexity of
this work.

6 Results

To test the image registration techniques
described images obtained from the book
Auto da Fé em Coimbra [7] were used, and
they were acquired in gray level. In Figures
1 and 2 is possible to see the reference im-
age and the target image. In Figure 6 is the
sum of the two images. The control points
extracted are presented in Figures 3 and 4
represented by white squares. Finally, Fig-
ure 5 illustrates the image registration using
TPS, and Figure 7 shows the sum of image
registration and reference image.

The comparison between Figure 6 and
Figure 7 shows that the differences between
images were significantly reduced and the
result is considered good. In a careful anal-
ysis of the Figure 7, it is possible to note
that in the region where there are words in
italic, the alignment is not good. This oc-
curs because the spaces between words in
italic are smaller, i. e. different, than those
between other words, and it is an expected
result.

It is important to note that the deforma-
tion of those images was intentionally much
larger then the deformations that occur in
real situations, in order to stress the process
to its limits.

7 Conclusion

In this paper, the alignment was per-
formed considering that images have acqui-
sition differences due to translation, rota-
tion and geometric distortions. To mini-
mize these differences TPS was used as a
mapping function. An algorithm for control
point selection was developed, constrained
to pages with text only, with good results.
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Figure 1: Reference image scanned with
white background.

Sermiio da Fee. 57
feffarem, & louuarem cfte Senhor , ‘pois efte
Senhor lhe confagrou fuas linguas com o

' ttulo de fna Cruz. Von adiante. Befforum
feritas, &2 pellstorum turba populorum  fFrido-
rem [uum i dulce Crucis fregerunt malos: Ate
efles barbaros do norte,da Scithia,da Norue-
ga, por mais agreftes, & montefinhos, que e
rio no fallar; deixaraoeflas vozes mais dg
brutes;que de homens, & tomarao hias lin-
guas {uanifsimas de Anjos, pera louvarem a
Cruzdo Senhor. Errotius mundi vnavox Chri-
ftus gff.. Finalmente a voz detodamundo hie
Chrifto, porquetodo munde a Chrifto con-

Figure 2: Target image scanned with black
background.
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Figure 3: Control points of reference image.
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Figure 4: Control points of target image.
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Figure 5: Registration of target image.
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Figure 6: Sum of reference image and target image.

Sermio da Fee. W7
fellarem, & lonuarem efte Senhor, pois efte
Senhor lhc confagrou fuas hngu&s com o
ticulo de fua Cruz. Von adiante. Bc_{{?urﬁm
feritas, & pellitorum turba populorum 5 (brido-
rem [uum an dulee Cructs ﬁ%ﬂmm; Ate
efles barbaros donorte,da Scithia,da Norue:
g4, por mais agreftes, & montcfinhos. que ¢;
rao no fallar ; deixario eflas vozes mais de
brutes;quede "homens, & tomarao hiias lin-
guas fuanifsimas de Anjos , pera louuarem 2
Cruzdo Senhor. Eprtarmdi Yia yox Chri-
g&mm a rhmdntndammé*lhi |

Figure 7: Sum of image registration and reference image.
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