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Abstract

Morphological image processing is a nonlinear theory and technigue to quantitatively
describe shape-oriented operations in a digital image. The morphological operators are
described by combinations of a basic set of numerical manipulations between an image A
and a small object B, called a structuring element, which can be seen as a probe that scans
the image and modifies it according to some specified rule. An important morphological
operator is the pattern spectrum or pecstrum, defined through the morphological
operations erosion and dilation with the same structuring element applied sequentially.
This operator decomposes the target image in morphological components according to
the shape and size of the structuring element, providing a quantitative analysis of the
morphological content of the image. Although it presents excellent properties as a shape
extractor, with invariance to translation and rotation, pecstrum has not been extensively
used because it might be computationally intensive in some applications, however, the
available current hardware resources overcome this disadvantage. In this work, an
implementation of the pecstrum operator using a FPGA Nexysll, Xilinx, Spartan 3E, is
presented. The system is currently under test in some projects based on real time image
recognition, such as biometric and cytology applications.

1. Introduction

Mathematical morphology is a geometric approach to non linear image processing that
was developed as a powerful tool for shape analysis in binary and grayscale images.
Morphological operators are defined as combinations of basic numerical operations taking
place over an image A and a small object B, called a structuring element. B can be seen as
a probe that scans the image and modifies it according to some specified rule. The shape
and size of B, which is typically much smaller than image A, in conjunction with the
specified rule, define the characteristics of the performed process. An interesting
morphological operator is the pattern spectrum or pecstrum. This operator decomposes
the target image in morphological components according to the shape and size of the
structuring element, providing a quantitative analysis of the morphological content of the
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image. Pecstrum was originally developed by Venetsanopoulus [1], and Maragos [2].
Although it presents excellent properties as a shape extractor with invariance to
translation and rotation, pecstrum has not been extensively used, probably because it is a
computationally intensive algorithm [3], however, this drawback may be minimized using
hardware implementations. Pecstrum has been used in the last years with several
applications: analysis of partial discharges in high voltage systems [4], automatic
recognition of automotive plates [5], texture analysis using images of debris particles in
polymers and composite materials [6,7], cytology of bone marrow images for the counting
of white blood cells based on morphological granulometries [8,9], and hand-shape
biometry [10]. The goal of the work described in this paper, is the implementation of a
high-speed, and low-cost hardware approach for image recognition applications based on
the morphological pattern spectrum. Since the morphological operations can be
performed using Boolean logic in connection with delay lines or dead time elements,
implementation in FPGAs promises high speed processing with comparatively small
hardware expense [11].

2. Mathematical definition of pecstrum.

Binary mathematical morphology is based on two basic operators: Dilation, and erosion.
Both are defined in terms of the interaction of the original image A to be processed, and
the structuring element B. Morphological dilation is defined as the set union of the objects
A obtained after the translation of the original image for each coordinate pixel b in the
structuring element B.

A®B= UbeBTb(A) (1)
The erosion is the morphological dual of the dilation. It is defined in terms of set
intersections as :

AGB= ﬂbeBT—b(A) (2)
An important operator, which is the backbone of the pattern spectrum, is the opening
morphological filter, defined as an erosion followed by a dilation using the same
structuring element. The opening operator is defined as:

A-B=(AoB)®B (3)
The dilation tries to undo the erosion operation, however, some details closely related
with the shape and size of the structuring element will vanish. Furthermore, parts of the
object which disappear as consequence of the erosion cannot be recovered. The closing
morphological operator, which is the dual of the opening, is defined as a dilation followed
by an erosion using the same structuring element:

AeB=(A®B)oB (4)
The properties of the opening and closing filters as a discriminant operator according to
the morphological structure of the image can be used in a number of applications, such us
filtering, segmentation, edge detection, differential counting, or numerical analysis of
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shapes. The pattern spectrum, or pecstrum, of a compact binary image Ac R?, relative to

a convex binary pattern Bc RZcalled the structuring element, is defined as the
differential size distribution function:

P.(n,B)= AM{A-nB) (dAno B) ., nx0 (5)

Where M represents the area measured in the intermediate operations, and nBis the n-
times dilated structuring element. The discrete version of equation 7 is given by:

M[AonB]-M[Ao (n+1)B]
MIA]
Pecstrum has the property of invariance to translation and rotation when B is an isotropic
structuring element. Scale is determined by the size of the structuring element. Figure 1
shows the obtained pecstrum for a binary image, using a structuring element formed by a
small circle with an initial radius and subsequent step of 4 pixels. The step is determined
according to the desired spectrum resolution, i.e., the number of spectral components,
and it depends on practical considerations related to the specific application. Typical step
values are 1, 2, 3, and 4 pixels. Morphological operations are based on evaluating values
contained in a local neighborhood of a pixel defined by a structuring element. For large
neighborhoods such calculations become computationally intensive. For the basic
morphological functions erosion and dilation, the number of operations is proportional to
the area of the structuring element, which is given by a circle with radius Ng, so the

P(n,B)= (6)

complexity of each operation is proportional to(NSE)Z. The pattern spectrum involves
several iterations of basic morphological operations with a structuring element of

m
increasing size, and its complexity is proportional to Z:Z(NSE)2 , Where m represents the
Ng=1

value of the last iteration in which the image totally dissipates.
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Figure 1. Pattern spectrum of a binary image. Figure 2. Pixel distribution of

the input image
3. Results.

The morphological operations involved in the implementation of the described pattern
spectrum algorithm, can be performed using Boolean logic in connection with delay lines
at pixel level, using an adequate memory organization for the input image and the
structuring element [12]. The system used in this work consists of a development platform
based on the Xilinx FPGA Spartan 3E. The system includes a high speed USB2 port, 16 Mb
of RAM and ROM memory, input and output ports, and support for embedded processors
based on the Xilinx MicroBlaze system. The card connected to a personal computer
conform a powerful design station. The operations are performed on a 128X128 input
binary image, organized in a linear form as shown in Fig. 2. In each step it is required to
evaluate the neighborhood of each pixel according to the specific operation. This decision
can be performed by checking if the pixel under test can be induced by a translational
displacement of pixels from the original image, while only displacements defined by the
structuring element are considered. In other words: the structuring element is seen as a
set of translation vectors, given by its pixel coordinates. A pixel in the result image can be
obtained by a translational displacement of an original image pixel by the vector forming
the structuring element. Accordingly, the erosion and dilation operations are carried out
on a set of pixel pairs obtained by vector addition in the neighborhood of some pixel in
the input image, and the vector positions in the structuring element, through Boolean
operations.
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Figure 3. Block ctrl_SubMat and Structuring Element index values.

Dilation can be performed using an OR concatenation of the corresponding pixels, while
an AND concatenation is used to implement the erosion operation. The FPGA-based
system is accessed through a Matlab graphical user interface. Fig. 4 shows the images
obtained after an opening filter in the stage corresponding to a 5X5 structuring element.
The first result was obtained from Matlab simulation, and the second image shows the
result obtained from the FPGA. The block ctrl_SubMat generates the index to form a sub-
matrix with a size corresponding to the kernel, and it is filled with the values of the
original image in the local neighborhood of the processed pixel. In this block, K is the size
of the structuring element in each stage, sig_k is the index counter, C-F are the sub-matrix
index, sub_matF indicates the index C,F corresponding to the last kernel element in the
structuring element, the signal enable reset the counters and enables the current block,
and the signal Indx_listo indicates an index output signal. Fig. 5 shows the simulation for
a 3X3 structuring element stage, and the signals obtained in the processing of the first two
pixels in the submatrix.
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Fig. 4 Results from an opening filter stage with a 5X5 structuring element. Binary input
image; image obtained with Matlab; image obtained with the FPGA
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Fig. 5 Simulation of the signals involved in the processing of the first two pixels using a 3X3
S.E.
The FPGA implementation of the morphological pattern spectrum described in this paper
has been designed to be used as a feature extractor for two real time image recognition
applications: The first one is a biometric shape-based hand recognition system. The
system receives an image of the right hand of a subject in an unconstrained pose, which is
captured with a commercial flatbed scanner. The pattern spectrum is used as a feature
extractor to provide a quantitative representation of the biometric signal [10]. The second
application is the use of the pecstrum for analysis of leukocytes images in support of the
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cytology of bone marrow images. The pattern spectrum provides a tool to quantitatively
analyze the morphological evolution of blood white cells according to their maturity stage
[9]. Identification, classification and count of these forms are relevant tasks for the
diagnosis and follow up of several pathologies, such as leukemia, anemia, and some other
myelodysplastic syndromes. In both cases a high speed feature extraction for real time
operation is required. This goal has been successfully achieved through the
implementation of the algorithm on the FPGA Nexysll, Xilinx, Spartan 3E.

4. Conclusion

Preliminary results of a high-speed implementation of the morphological pattern
spectrum algorithm in a low-cost system FPGA Nexysll, Xilinx, Spartan 3E for image
recognition applications, have been presented. The described system was designed to be
used as a feature extractor for real time pattern recognition applications, such as hand-
shape biometry, and analysis of leukocytes images in support of the cytology of bone
marrow images. The system is currently under test in such applications.
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