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Introduction

Industrial inspection systems using X-ray scanners
become increasingly popular for detection of different
(glass, stone, metal) small contaminants in food products
which may appear there due to the technological process.
Alternatively, packages may contain objects which are
considered undesirable with respect to the quality of the
product, e.g. fishbones in fish fillets, bones in chicken
fillets etc. To detect the presence of such objects,
conveyor- based production lines are equipped with X-ray
systems and processing of X-ray images in real time is
performed for separation of faulty packages. There is a
general demand to increase the speed of the conveyor that
leads to lower signal to noise ratio (SNR) in obtained
images and reduced time available for image processing.
To meet the requirements, both image processing hardware
and exploited methods should be enhanced. In particular,
methods that can be implemented by fast procedures are
preferred as real time operation of the equipment is
needed.

Mathematical morphology (MM) defines a set of
image processing operations over grayscale and binary
images that are useful to process images based on their
shapes. Introduction to basic MM operations can be found
in [1]. It has attracted considerable attention for solving
different application tasks [2, 3, 4]. Usually sequential
combination of necessary morphological operations is
applied to solve the problem. Each operation is defined
using the binary image of structuring element related to the
shape and size of interest, chosen from the a priori
knowledge about the objects to be detected.

The paper focus on solving particular application task
of processing grayscale image representing “normal”
objects and, optionally, foreign bodies, which appear in
images as lines of different thickness and curvature.
Examples of such application are detection of fishbones or
small metal wires in food fillets. Image processing method
for solving this task is presented. However, the approach
can be used for different other applications where
processing of similar grayscale images is required. Then it
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might be necessary to adjust the proposed processing steps
to the particularities of the application task, e.g. parameters
of foreign bodies to be detected as well as noise level
related to specific image acquisition conditions.

General definition of the task follows the one
described in [5], i.e. we have to identify foreign bodies in
grayscale digital images represented by matrices A= (a;;)

of integer numbers where each number corresponds to one
image pixel and represents the detected brightness level of
that pixel. Brightness levels in X-ray images are in general
perturbed by noise related with characteristics of the
hardware as well as surrounding environment. The same
first pre-processing step as in [6] is applied, i.e.
linearization of the X-ray system's response. As a result, a
matrix of rational numbers is obtained. Sample image after
such pre-processing is illustrated in Fig. 1. Here we may
notice several objects appearing as darker lines of different
forms over the background related to "normal” objects that
are scanned by the X-ray system. Both background objects
and lines related to foreign bodies are influenced by noise
so that background objects are not homogenous but lines
may appear disrupted.

The proposed method contains the following
sequential processing steps of that matrix:
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Fig. 1. Sample image with foreign bodies appearing as dark lines
of different forms



1. Elimination of the background trend;

2. Thresholding for extraction of binary image possibly
related to foreign bodies;

3. "Gluing" parts of the foreign bodies possibly disrupted

due to noise;

Skeletonisation of free form line objects;

Calculation of the object length for making decision

about the presence of the foreign body.

The following sections will discuss these steps in more

detail. Steps 1, 3 and 4 exploit operations related to

mathematical morphology, the others are quite

straightforward.
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Extraction of foreign bodies based on ""bottom-hat"
filtering

Two fundamental operations defined in mathematic
morphology are dilation and erosion [1]. They are applied
for processing of grayscale and binary images in different
combinations to derive other suitable procedures. MM is
exploiting the concept of the "structuring element” (SE)
which is a fragment of a binary image defining the shape
of interest around the "origin", i.e. the reference pixel.
Operations of MM are performed in the following way:
each pixel of the image to be processed (pixel of interest)
is related to the "origin" of the structuring element and its
neighbouring pixels are involved in operation if the SE
contains a "1" in a corresponding position. In the resulting
image, original value of the pixel of interest is replaced by
the result of the defined operation. If the operation is
dilation, the value of the output pixel is calculated as the
maximum value of all neighbourhood pixels involved. If
the operation is erosion, the value of the output pixel is
calculated as the minimum value of all neighbourhood
pixels involved. For processing of pixels at image borders,
special padding of images is applied. Here we will assume
that padding is performed by repeating the values of the
edge pixels outside the borders of the images.

Morphologic "closing” is defined as sequentially
performed dilation and erosion of the image, using the
same structural element for both operations. Closing
allows to eliminate small objects in the image so it can be
used to extract the background image. When it is
performed, original image can be subtracted from the
background image to reveal small foreign objects. Such
operation is named "bottom hat" filtering in MM.

Let us illustrate the result of the bottom hat operation
applied to a sample row of a grayscale image, marked with
a dashed line in the sample image of Fig. 1.

Fig. 2. compares the original line with the result of
morphological closing using the structural element defined
as a vector of 5 neighbouring pixels. Here we can notice
that closing has followed the background, leaving the
brightness drops related to foreign objects untouched. By
subtracting initial line form the closed version, we obtain
the result of bottom hat filtering presented in Fig. 3.

Here we notice that the background trend is
eliminated and line pixels related to foreign objects are
indicated by positive peaks in the signal. Nearly the same
result could have been achieved by more traditionally used
median filtering [6] using the filter length 7 (Fig. 4).
However, bottom hat filter is easier to implement as it uses
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image
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Fig. 3. Sample line of the image after the compensation of the
background trend using morphological closing
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Fig. 4. Sample line of the image after the compensation of the
background trend using median filtering

Fig. 5. Results of background compensation using closing



much simpler comparison operations instead of
calculations of median values and filter length to be used is
smaller for obtaining the same result.

When the bottom hat filtering is applied with two-
dimensional structuring element (square of 5x5 pixels), we
obtain an image with background objects eliminated and
foreign bodies revealed as brighter objects (Fig. 5).

To separate foreign bodies from the background
noise, a threshold is applied and binary image obtained
where pixels of foreign objects take the value "1" and
appear white (Fig. 6).

However, due to the level of inherent noise related to
image acquisition, it is usually not possible to choose a
single threshold for reliable separation of pixels related to
foreign bodies and some further processing is needed to
separate true foreign bodies from objects related with
noise, as explained below.

Fig. 6. Sample image after background compensation and
thresholding

Gluing of detected objects

As it can be noticed from Fig. 6, image of particular
foreign body can be disrupted due to the influence of noise.
To "glue" such separated parts, it is proposed to exploit a
special procedure filling in gaps between white pixels up to
the chosen distance. If the distance is equal to 1, centre
pixels of the following fragments of binary images are
filled in with "1":

Fig. 7. Structuring elements exploited for gluing of disrupted line
objects

This can be efficiently implemented using a table
lookup procedure. The result is illustrated in Fig. 7.

Here we may notice that disrupted parts of larger
(rightmost objects) were glued but leftmost object was not
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Fig. 7. Sample image after gluing of disrupted line objects

due to the larger distance between the separate parts. To
overcome this, gluing operation can be adjusted to glue
objects over the larger distance.

The final decision about the presence of a foreign
body can be made on the basis of their minimum size of
interest. This would eliminate objects related to noise and
make sure that only real foreign bodies with the size that is
not negligible are found.

Estimating the size of objects

To calculate the size of different foreign bodies
appearing in images as free form line objects, it should be
taken into account that their width may be different. It is
particularly true if the task of detecting fishbones is
considered. To calculate length of objects, MM offers
skeletonisation as a mean to convert thick objects into lines
with a width of 1 pixel. Fig. 8 shows the result of this
operation when it is applied to our sample image after
gluing of objects. After that, objects are thin and number of
white pixels in each object can be simply counted for
making the decision about the presence of a foreign object
on the basis of a length threshold chosen on the basis of
application characteristics. It may be noticed that
skeletonisation is not always necessary as there might be a
prior information about the thickness of possible foreign
objects and all of them could be of the same thickness.

Fig. 8. Skeletonisation results of a sample image.
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A method for detection of free form line objects in grayscale images is proposed, based on several sequential processing steps, partly
using operations of mathematical morphology. The steps include background compensation, thresholding to obtain binary images,
gluing breaches in binary images of objects, skeletonisation, calculation of object length, and making decision about the presence of the
object on the basis of its length. The method can be used e.g. in X-ray systems for detection of contaminants in food packages if the
images of contaminant objects take the form of a line object with any shape, e.g. fishbones, small metal wires etc. The paper describes
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PaccmoTpen meTox 006paboTKM cephIx M300paxkeHHi 11t oOHapyKeHUsT (OPMBI 0OBEKTOB CBOOOAHOM KpuBOH. MeTox cocTONT U3
HECKOJBKUX OJIMH 3a APYTUM CIEAYyIOIUX IIaroB, 4acTh W3 KOTOPBIX HCIONB3YIOT OMNEpalMd MaTeMaTHYecKod Mop(oIoruu:
KOMIeHcalys (oHa, MPUMEHEHHE Mopora sl MOoMydeHHs OMHApPHOTO M300pakeHUsI, CKIEUBAHUS YacTel 00BEKTOB, CKEETOHU3AINA,
BBIYMCIICHHE [UTHHBI OOBEKTOB C TMOCIEAYIOMUM PEHIeHHEM O MPHCYTCTBHHM OOBEKTa Ha OCHOBE €T0 AIMHBL MeTos MOXeT ObITh
UCIIOb30BaH B PEHTI€HOBBIX CHCTEMAX MPOMBIIIIIEHHOTO KOHTPOJIS Ul 0OHApyKeHHsI OCTOPOHHUX OOBEKTOB B NMPOJI0BOIBCTBEHHBIX
MIPOJYKTAX, €CIH STH OOBEKTH B M300paXCHMSX NMPUHUMAIOT BHA CBOOOIHOW KpuBOH. PaccMoTpena pemraemast 3amada, Maew Ha
KOTOPBIX OCHOBaH METOA, IIard oOpaOOTKM M pe3yibTaThl, ITOJyYeHHBIE C HCIIOJb30BaHHEM MeToAa JId oOpaboTKM peaybHBIX
PEHTTEHOBCKHX n300pakenuid. M. 8, 6n6x. 6 (Ha aHrHiiCKOM s13bIKe; pedepaTsl Ha aHTIIUHCKOM, PYCCKOM H JINTOBCKOM S3.).

I. Mednieks. Laisvos formos objekty aptikimas, naudojant morfologinius rengenografinius vaizdus // Elektronika ir
elektrotechnika. — Kaunas: Technologija, 2010. — Nr. 8(104). — P. 27-30.

Analizuojami nauji budai laisvos formos vaizdams aptikti. Pagal rengenografinius vaizdus, naudojant matematines morfologines
operacijas, apskai¢iuojama formy tono kompensacija. Pateikiami jvairiy objekty atskiry daliy tyrimo rezultatai. Il. 8, bibl. 6 (angly
kalba; santraukos angly, rusy ir lietuviy k.).
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