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Abstract. The aim of this paper is to outline the issues involved in the

application of machine vision to the automatic extraction of watermarks
from paper samples. The correct identi cation and localisation of watermarks is a key issue in paper manufacturing. As well as requiring the
position of the watermark for defect detection and classi cation, it is
necessary to insure its position on the paper prior to the cutting process.
Two paper types are discussed, with and without laid and chain lines
(these lines appear as a complex periodic background to the watermark
and further complicate the segmentation process). We will examine both
morphological and Fourier approaches to the watermark segmentation
process, concentrating speci cally on those images with complex backgrounds. Finally we will compare and contrast these approaches.
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1 Introduction
Watermarks are generally used for security and quality purposes. They take
the form of brand names, brook bonds or logos (Figure 1). They are typically
formed by a pressing process using a metal stamp containing an impression of
the desired pattern. This pattern induces a variation in the paper thickness and
is implemented at the end of the wet stage of the paper production process.
Currently, the watermark is captured on-line and displayed on a CRT beside an
image of a good sample, where operators examine it occasionally. This enables
the identi cation of gross errors, whereas the operators classify other defects on

a subjective basis. Our aim is to automate the watermark registration as the rst
phase in the defect detection and classi cation process. Key to the success of this
operation is the reliable segmentation of the watermark for plain and non-plain
paper types. Non-plain paper samples contain laid and chain lines (Figure 1b).
The horizontal laid lines are due to the wire mesh that was used to hold the
paper during fabrication [1]. The vertical chain lines are due to the thicker wire
that was used to support the laid lines. The localisation of the watermark is
also critical to the paper cutting operation, since some manufacturers require
the watermark to appear in the same location on each cut sheet.

(a) Plain paper, i. e. without chain and laid lines. (b) Non-plain paper, i. e. with chain (vertical)
and laid (horizontal) lines.

Fig. 1. A typical watermark on (a) plain paper and (b) paper with chain and laid lines.
Note the uneven illumination on both images.

This paper is organised as follows. Section 2 details the image acquisition
and the resulting image characteristics. It also refers to previous works reporting
techniques for extracting watermarks. Our approach for processing watermarks
on plain paper is presented in Sec. 3. More sophisticated techniques allowing
the extraction of watermarks on non-plain paper are proposed in Sec. 4. Before concluding, we give in Sec. 5 some guidelines about a possible real-time
implementation of the proposed methodology.

2 Background
2.1 Development Environment
The laboratory development system used for the initial phase of this project
consisted of the following elements:

{ Sony XC 77CE monochrome CCD array camera with a 25 mm Cosmicar
{
{
{
{

lens.
A Lightbox to provide the di use backlighting necessary to illuminate the
watermark.
A PC resident ITI frame grabber. All images were stored as grey level TIFF
images.
MvT16 - A windows based Machine Vision software development environment resident on a PC [2].
Xliiar, a Library of Independent Image Analysis Routines [3] linked to Xlisp
[4], an experimental lisp interpreter.

A key problem with the development system has been producing a even light
pro le across the image. While the morphological top-hat discussed in Sec. 3.1
can be used to reduce or eliminate a lighting gradient, we would prefer to reduce, or if possible prevent, this problem from occurring. It is envisaged that
the production system will use a backlighting strip in conjunction with a high
resolution linescan CCD camera (see Sec. 5). The design of the lighting system
would be such as to reduce the uneven illumination that can occur across the
width of the image.

2.2 Previous works
Techniques for capturing digital images of historical watermarks are developed in
[5]. The authors propose to capture the images in both transmitted and re ected
light so as to discriminate watermark from ink information. The extraction of
watermarks on old hand-written documents is detailed in [6]. The management
of a multimedia database of historical papers representing ancient watermarks is
detailed in [1]. We found no published report dealing with the on-line detection
and registration of watermarks in paper manufacturing.

3 Plain Paper
Global thresholding cannot be reliably used for extracting watermarks on plain
paper. This is due to both the uneven illumination function and the very low
contrast of the watermark itself. For example, the direct thresholding of the
watermark on plain paper shown in Fig. 1a is shown in Fig. 2.
Since the watermarks appear as a network of thin crest lines, techniques
designed for extracting thin nets such as those based on the maximal curvature
[7] have proven their e ectiveness. However, this approach is hampered by a
very high computation load which makes it unsuitable for a machine vision
application (the paper web speed is 300 meters per minute). Keeping in mind
the speed constraints, we found that a morphological white top-hat transform
followed by a double threshold and some additional cleaning lters is the best
solution.

Fig. 2. Direct thresholding of the watermark image shown in Fig. 1a.

3.1 White Top Hat Transformation

The choice of a given morphological lter is usually driven by the available
knowledge about the shape, size, and orientation of the structures one would like
to lter out or extract [8]. For example, we may choose an opening by a 2  2
square structuring element (SE) to remove positive impulse noise or a union
of openings with line segments to extract elongated bright image structures.
Morphological top-hats proceed a contrario . Indeed, the approach undertaken
with top-hats consists in using knowledge about the shape characteristics that
are not shared by the relevant image structures. An opening with a SE that
does not t the relevant image structures is then used to remove them from the
image. These structures are recovered through the arithmetic di erence between
the image and its opening. This operation is called white top-hat or top-hat by
opening [9].
Since the watermark consists of a network of thin lines, we have to consider
an opening with a square slightly larger than the width of these lines. The opened
image provides us with the illumination function which is then subtracted from
the original image to enhance the watermark. This procedure is illustrated in
Fig. 3.

3.2 Double threshold

The double threshold operator DBLT thresholds the input image for two ranges
of grey scale values, one being included in the other. The threshold T for the
narrow range is then used as a seed for the reconstruction of the threshold for
the wide range:
DBLT [ 1  2  3  4 ] (f ) = R [ 1 4 ] [T[ 2 3 ] (f )];
where R denotes the morphological reconstruction by dilation [10, 11]. The resulting binary image is much cleaner than that obtained with a unique threshold.
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(a) Input image

(b) Opening with a 7  7 square (c) White top-hat: arithmetic
di erence between (a) and (b)

Fig. 3. From uneven to even background using the white top-hat transform.
Moreover, the result is more stable to slight modi cations of threshold values.
The double threshold technique is very similar to the hysteresis threshold proposed in [12].
The nal ltering stage is based on a surface area criterion applied to the
closing of the double threshold image: all connected components having a number
of pixels smaller than a given threshold are removed. The ltered closed image
is then intersected with the double threshold image. The whole procedure is
illustrated in Fig. 4, starting from the top-hat image shown in Fig. 3c.

4 Paper with Laid and Chain Lines
If we perform a white top-hat and a threshold on non-plain papers, we extract
the watermark and the laid/chain lines. (This is due to the fact that the both
the lines and the watermark are of similar intensity). The problem is to remove
these lines so as to output a clean mask of the watermark. We have explored two
di erent approaches: the rst is based on the Fourier transform and the second
uses morphological operators.

4.1 Fourier based Segmentation
The Two-dimensional Discrete Fourier Transform (DFT) is a powerful tool in
the extraction of periodic information in digital image processing applications.
The DFT is the sampled Fourier Transform and therefore does not contain all
frequencies forming an image, but only a set of samples which is large enough to
fully describe the real domain image. This operation allows spatial periodicities
in the intensity within an image to be investigated, in order to nd, amongst
other features, the dominant frequencies. The number of frequencies corresponds
to the number of pixels in the real domain image, i.e. the image in the real and
Fourier space are of the same size.
Several algorithms have been developed to calculate the two-dimensional
DFT. The simplest makes use of the observation that this is a separable transform which can be computed as a sequence of two one-dimensional transforms.
Therefore, we can generate the two-dimensional transform by calculating the

(a) First threshold of white top-hat: marker image

(b) Second threshold of white top-hat: mask image

(c) Reconstruction of (b) from (a)

(d) After ltering based on the surface area of
the connected component of the closing of (c)
by a 3  3 SE

Fig. 4. Extraction of the watermark from the white top-hat image shown in Fig. 3c:
double threshold and additional ltering.

one-dimensional DFT along the image rows and then repeating this on the resulting image but, this time, operating on the columns. This reduces the computational overhead when compared to direct two-dimensional implementations.
Although this is still computationally slow compared to other many segmentation techniques, the Fourier transform is quite powerful. It allows the input
to be represented in the frequency domain, which can be displayed as a pair
of images. (It is not possible to represent both amplitude and phase using a
single monochrome image.) Once the processing within the frequency domain
is complete, the inverse transform can be used to generate a new image in the
original, so-called, spatial domain. The Fourier power, or amplitude, spectrum
plays an important role in image processing and analysis. This can be displayed,
processed and analysed as an intensity image. Fortunately this is not just an
algorithmic transformation but a physical one. The FT can be implemented real
time using optical techniques [13, 14].
The periodic nature of the laid and chain lines indicates the possibility of
examining and ltering the paper images in the Fourier domain. To remove laid
and chain lines, the lter design must contain a priori knowledge about the
line properties. The images are transformed in to the Fourier domain using the
DFT (Fig. 5). Due to their higher frequency, the laid lines appear as distinctive
frequency spectrum peaks in this domain, see Fig. 5(b). The lower frequency
chain lines are not as obvious, since they are hidden by the signi cant amount
of low frequency information in the image. An adaptive low pass lter (based
on applying a lter to the DFT power spectrum (spectral density)) is applied to
the resultant image to remove these peaks.
When the inverse FT is applied to this image we are left with a representation of the laid and chain line data. A di erence image is formed by subtracting
the extracted lines from the original image to produce the segmentation of the
watermark. The white top-hat transformation (Sec. 3.1), thresholding and ltering (Sec. 3.2) stages are then applied to the resultant segmented image. Finally
we apply a mask to eliminate boundary pixels. This procedure is illustrated in
Fig. 5. While the resultant image has been degraded, we are left with sucient
information to allow us to register the watermark on the paper sheet.
Alternatively, a selective low-pass lter can be applied locally to the high
frequency peaks, representing the laid lines, in the Fourier spectrum. This procedure is illustrated in Fig. 6. While this process is more ecient at removing
the laid lines, the chain lines are clearly visible. But, as we shall discuss in Sec. 5
the chain lines can be detected and masked out from the image.

4.2 Morphology based segmentation
The idea here is to design a morphological lter for extracting the laid and chain
lines. We perform a horizontal opening with a long line segment for extracting
the laid lines (a morphological opening consists in performing an erosion followed
by a dilation with the transposed SE). An opening with a vertical line segment
allows us to extract the vertical chain lines. The union of both images is still an

(a) Original Image.

(b) Discrete Fourier Transform frequency spectrum as an intensity function.

(c) Frequency spectrum of an adaptive low pass
lter applied to (b).

(d) Inverse Fourier Transform of (c).

(e) Di erence image when (d) is subtracted
from the original image (a).

(f) Filtered double threshold of (e).

Fig. 5. The application of the DFT to non-plain paper samples.

(a) Selective low-pass ltering of Fig. 5 (a).

(b) Inverse Fourier Transform of (a).

(c) White top-hat of (b).

(d) Filtered double threshold of (c).

Fig. 6. Selective low-pass ltering of the Fourier Transform.

opening. This is a well known theorem in morphology: any point-wise maximum
of a series of openings is itself an opening [15].
In our application, a morphological opening with long line segments is too
sensitive to small gaps along the lines we would like to extract. An ecient
solution to this problem is to consider a parametric opening which is not as
`strong' as the corresponding morphological opening. Rather than using a line
structuring element of n pixels, we consider all subsets of this structuring element
which contains only k pixels (k < n). The parametric opening is then de ned as
the union (or point-wise maximum _ for grey scale images) of the morphological
openings with these SEs:
Ln;k
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Fortunately, we do not need to compute all morphological openings in parallel1
since it can be shown that the union of all these openings equals the point-wise
minimum operator ^ between (i) the original image f and (ii) the dilation 
with the full line segment L of the rank lter of the original image using the
full line segment as mask and selecting the rank k:
n

Ln;k

(f ) = f ^  [Rank (f )]:
Ln

k
Ln

Once the parametric opening has been computed, we subtract it from the
original image so as to enhance the watermark (it is therefore another white
top-hat transform). We then threshold the white top-hat and perform additional
cleaning lters (i.e. using the ltering process discussed in Sec. 3.2). The proposed steps for the morphological processing of non-plain paper are illustrated
in Fig. 7.
The computation load of the opening step is reduced when using the fast
recursive algorithm detailed in [16] for the morphological dilation and the moving
histogram technique [17] for computing the rank lter.

5 Proposed Real-time Implementation
We can assume that the orientation of the watermark is always the same compared to the vertical chain lines. Also, we know that the direction of movement
of the paper is the same as the chain lines. This leads us to propose a real-time
implementation based on the preceding discussion. (It should be emphasised
that this approach has not yet been implemented, and as such results cannot be
presented).
1. While the line scan camera acquires the image, we compute the running
sum of the grey level along the image columns so as to detect the chain lines
(of course the vertical lines may deviate from an ideal vertical direction but
1

There are

n!
k!(n,k)!

such openings.

(a) Input image.

(b) Horizontal parametric opening.

(c) Vertical parametric opening.

(d) Union of the two openings.

(e) Subtraction of the opening (d) from
the original image (a).

(f) Filtered double threshold of (e).

Fig. 7. Morphology based processing of watermarks on non-plain paper containing laid
and chain lines.

we can get around this problem by determining their actual direction and
computing the sum along the corresponding discrete line, readjusting the
direction after each line acquisition).
2. Now we assume that the horizontal laid lines are horizontal enough so as to
allow for a parametric opening along the lines acquired by the camera. If
the horizontal lines are always perfectly perpendicular to the vertical lines,
we could use openings along the direction perpendicular to that computed
in step 1.
3. We subtract the opening from the input image (top-hat like transform). The
resulting image contains high grey scale values for the watermark and the
vertical lines.
4. By computing the sum of the grey scale levels along the lines and the columns
of the image derived from step 3, we can determine the orientation, position,
and magni cation factor of the watermark. It can be then extracted by
comparing the actual image with the corresponding ideal watermark image.

6 Conclusions
Fourier and morphology based segmentation of non-plain papers have been proposed. While both approaches performed well under our limited testing, the
morphological based segmentation produces slightly better results and is better
suited to a real-time implementation. The work described in this paper is part of
an ongoing project. Further testing needs to be carried out on a larger database
of sample images to obtain the optimum set of parameters that will ensure the
maximum performance of the segmentation process.
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