Volume |, Issue | — July — December-2015

Journal-Democratic Republic of Congo

ISSN-On line: 2414-4924




Indexing

Academic Google

ECORFAN-Democratic Republic of Congo



ECORFAN-Democratic Republic of Congo

Directory

CEO

RAMOS-ESCAMILLA, Maria, PhD.
CAO

ILUNGA-MBUYAMBA, Elisée, MsC.
Director of the Journal
PERALTA-CASTRO, Enrique, MsC.
Institutional Relations
ESPINOZA-GOMEZ, Eric, MsC.
Editing Logistics
IGLESIAS-SUAREZ, Fernando, BsC.
Designer Edition

SERRUDO-GONZALES, Javier, BsC.

ECORFAN Journal-Democratic
Republic of Congo, Volume 1, Issue 1, July-
December 2015, is a journal edited semestral
by ECORFAN. 6593 Kinshasa 31Rép.
DémocratiqueduCongo.WEB:www.ecorfan.o
rg/DemocraticRepublicofCongo/,journal@ec
orfan.org. Editor in Chief: RAMOS-
ESCAMILLA, Maria. ISSN-On line: 2414-
4924. Responsible for the latest update of this
number ECORFAN  Computer  Unit.
ESCAMILLA-BOUCHAN, Imelda, LUNA-
SOTO, Vladimir, 6593 Kinshasa 31Rep.
Démocratique du Congo, last updated
December 31, 2015.

The opinions expressed by the authors do not
necessarily reflect the views of the editor of
the publication.

It is strictly forbidden to reproduce any part
of the contents and images of the publication
without permission of the Copyright office.



Editorial Board

KIDIAMBOKO-GUWA GUA BAND, Simon, PhD.
Institut Superieur de Techniques Appliquee, Democratic Republic of Congo

ALONSO- CUEVAS, Juan Leonardo, MsC.
Universidad De Guanajuato, Mexico

AGUIRRE RAMOS, Hugo, MsC.
Universidad de Guanajuato, Mexico

CRUZ DUARTE, Jorge Mario, MsC.
Universidad de Guanajuato, Mexico

GUERRERO-TURRUBIATES, José de Jesus, MsC.
Universidad de Guanajuato, Mexico

LARA RAMIREZ, Jose Edgar, MsC.
Universidad de Guanajuato, Mexico

LOPEZ RAMIREZ, Misael, MsC.
Universidad de Guanajuato, Mexico

RAZO MEDINA, Daniel Alberto, MsC.
Universidad de Guanajuato, Mexico

DELGADO ARREDONDO, Paulo Antonio, MsC.
Universidad de Guanajuato, Mexico

LUFUNDISU- BADENGO, Patrick, BsC.
Institut Superieur de Techniques Appliquee, Democratic Republic of Congo



Arbitration Committee

TSHIBALA-KABANGA, Jean Fabrice, BsC.
Institut Superieur de Techniques Appliquee, Democratic Republic of Congo

KANYINDA-MWEPU, Maxilien, BsC.
Institut Superieur de Techniques Appliquee, Democratic Republic of Congo

MBIKAYI-MBIKAYI, Auguy, BsC.
Institut Superieur de Techniques Appliquee, Democratic Republic of Congo

MAKAMBO-MUKOLO, Cedrick, BsC.
Institut Superieur de Techniques Appliquee, Democratic Republic of Congo

KITENGE-OSENGELE, Heritier, BsC.
Institut Superieur de Techniques Appliquee, Democratic Republic of Congo

NSIMBA-NLANDU, lves, BsC.
Institut Superieur de Techniques Appliquee, Democratic Republic of Congo

ASINGALEMBI-MBEMA, Pitshou, BsC.
Institut Superieur de Techniques Appliquee, Democratic Republic of Congo

IVANGYE-BALINANDE, Musavuka, BsC.
Institut Superieur de Techniques Appliquee, Democratic Republic of Congo

GRANADOS-CRUZ, Moises Blas, BsC.
Universidad de Guanajuato, Mexico

CARRENO MENESES, Cristian Andres, BsC.
Universidad de Guanajuato, Mexico



Presentation

ECORFAN Journal-Democratic Republic of Congo is a research journal that publishes articles in the
areas of:

Image and Signal Processing, Control, Digital System, Optimization, Artificial Intelligence,
Fuzzy Logic, Mathematical Modelling, Computational Mathematics and Computer Science

In Pro-Research, Teaching and Training of human resources committed to Science. The content of the
articles and reviews that appear in each issue are those of the authors and does not necessarily the
opinion of the editor in chief.

In Number 1st presented an article Brain Tumor and Vascular Structures Segmentation Applied
in Computer Assisted Surgery by ILUNGA-MBUYAMBA, Elisee and AVINA-CERVANTES, J. G. with
adscription in the Universidad de Guanajuato, in the next Section an article Kalman filter for skin-
colored object tracking by H.-AGUIRRE-RAMOS, J. G., AVINA-CERVANTES, E. and ILUNGA,
Mbuyamba with adscription in the Universidad de Guanajuato, in the next Section an article: Bayesian
classification of oranges using image processing by ILUNGA-MBUYAMBA, Elisée and AVINA-
CERVANTES, Juan GABRIEL with adscription in the U Universidad de Guanajuato, in the next
Section an article Segmentation of vascular structures around brain tumors using region growing on
Frangi vesselness by ILUNGA-MBUYAMBA, Elisee, AVINA-CERVANTES, Juan Gabriel and
AGUIRRE-RAMOS, Hugo with adscription in the Universidad de Guanajuato, in the next Section an
article: Multiumbral optimal segmentation through a metaheuristic optimization algorithm by
MONTOYA-AGUILAR, Merary, CRUZ-DUARTE, Jorge Mario and AVINA-CERVANTES, Juan
Gabriel, with adscription in the Instituto Tecnoldgico de Culiacan.and Universidad de Guanajuato, in
the next Section an article Thresholding images by GARCIA-MARTIINEZ, Manuel Dario with
adscription in the Universidad de Guanajuato, in the next Section an article Wavelets for correction of
ECG images by AGUIRRE-RAMOS, H. with adscription in the Universidad de Guanajuato.



Content
Article

Brain tumor and vascular structures segmentation applied in computer assisted surgery
Kalman filter for skin-colored object tracking
Bayesian classification of oranges using image processing

Segmentation of vascular structures around brain tumors using region growing on
Frangi vesselness

Multiumbral optimal segmentation through a metaheuristic optimization algorithm
Thresholding images

Wavelets for correction of ECG images

Instructions for Authors

Originality Format

Authorization Form

Page
1-9
10-15
16-20

21-26

27-31
32-35

36-41



1

Article ECORFAN Journal
December 2015 Vol.1 No.1 1-9

Brain tumor and vascular structures segmentation applied in computer assisted
surgery

ILUNGA-MBUYAMBA, Elisee*t and AVINA-CERVANTES, J. G.
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Communidad de Palo Blanco, 36885 Salamanca, GTO, Mexico
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Abstract

A possible treatment of brain tumor consists in a surgery performed by neurosurgeons who open the
skull (called craniotomy). By navigating through the brain, they reach the tumor tissues and try to
remove the maximum possible. The task is tricky because of the small operation field delimited by
the craniotomy, also because of the difficulty to differentiate the brain healthy tissue surrounding the
tumor and the brain shift that occurs. Furthermore, the use of an ultrasound contrast agent does not
allow to distinguish the tumor remnant with other hyperechogenic structures after resection. An
additional tool for intraoperative imaging represents therefore a crucial element to guide the
navigation through the brain safely and improve the resection task.

Brain tumor, image segmentation, vascular structures, vesselness.
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Introduction

The operation involving blood vessels requires
the segmentation of vascular structures in
medical image (CTA, MRA, CEUS, and Color
Doppler) for a good diagnostic. The extracted
region can be examined by its form, its
superficies or its volume in 3D. Despite
remarkable efforts consented in recent years,
segmentation is still one of the problem not
solved in general. Radiologists and medical
experts spend most of the time manually
segmenting  medical images.  However,
computational  application  performs  the
segmentation with the least possible error and
in a record time. Several techniques was
proposed for this purpose.  The simplest
approach for segmentation is the thresholding
[1, 2] followed by its sophisticated version,
region growing [3]. The first method suffer of
many drawbacks such as: it fails in the presence
of smooth edge, of varying intensity and
sensible to the noise. The second one has the
problems of leakage when the boundary is
blurred and the difficulty to set a threshold
value confining the target. To overcame the
limitation of the firsts methods, several
techniques are used such as hybrid genetic
algorithm and Artificial Neural Network Fuzzy
(ANFIS) [4] in brain tumors segmentation,
graph cut with shape priors [5,6] and active
contour model introduced by [7] which used an
explicit type of curve representation. The level
set approach [8] was proposed to address the
curve parameterization issue of the last method.
Vessels segmentation is achieved also by using
the Hessian operator as presented in [9].
Krissian et al. proposed a model which combine
the Hessian matrix and the gradient-based
structure tensor [10] to get a robust technique to
extract tubular structure. Several research have
proposed different possibilities for the
correction of brain  displacement that
happens during tumor resection [11-13]. In [14,
15], this problem is addressed based on vessels
segmentation.
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In this work, we tested different
segmentation methods for the extraction of
vascular structures in image data involved in
tumor resection surgeries. Three applications
are presented in this context, firstly, the
visualization of the blood vessels in cTIMR
(contrast T1-weighted MR) data for the surgery
planning, secondly the brain shift evaluation
and finally the wvascular structure tracking
in intraoperative US data. One visualization
tool was implemented for this purpose to assess
the correction of the brain shift, to identify the
vascular structures after resection and to
differentiate them with residual tumors. This
report is organized as follows: section Il
describes the segmentation methods, in section
I11, the methodologies proposed and based on
blood vessels segmentation are applied to
medical applications.

The section 1V presents the results
of tests performed on the phantom and patient
data set. Preceded by a discussion section, the
last one concludes the analysis.

Background
A. Thesholding

The thresholding is the simplest method to
partition a grayscale image into two classes.
The result obtained after segmentation is called
binary image. By setting a threshold value, the
pixels are classified in one of the two classes as
described following:

0, if (x,yz)<t

I(x,y,z) = {1, if I{x,y,z) >t

(1)

Where li(x, y, z) and I(x, y, z) represent
respectively the voxels of the segmented image
and those of the original image at the
coordinate point (x, y, z), and t is the threshold
value.

ILUNGA-MBUYAMBA, Elisee and AVINA-CERVANTES, JG. Brain
Tumor and Vascular Structures Segmentation Applied in Computer
Assisted Surgery. ECORFAN Journal-Democratic Republic of Congo
2015.



Article

3
ECORFAN Journal

B. Region Growing

The basic idea of the Region Growing
Threshold method is to start the segmentation
from a given seed point selected in the target to
be segmented.

The object is segmented by a recursive
search among the voxels in the neighborhood of
the starting point to find those that meet a
membership criterion to the region. Usually, the
threshold value is used as a criterion of
belonging to the region. The final partition
segmented R is defined by the mathematical
formulation:

P(R) = True @)
Where Ri are the connected points
satisfying the predicate P.

C. Vesselness

The use of other segmentation methods is not
adequate for the segmentation of MRT data.

Usually, those models are used on
angiographic data. The vesselness based
Hessian matrix is useful to enhance vascular
structures and to allow the visualization of
vessels relative to the tumor. The method
consist to extract the brain from MRT1 as
preprocessing step, to segment blood vessels
and the tumor. The 3D surface rendering
presents all structures together, what is
interesting for neurosurgeons.

The filtering based on hessian matrix
allows to extract vascular structure in medical
images by calculating the eigenvalues
A, A, b ([hl < 142l < [&D) of VL gnd  the
corresponding eigenvectors €1 €z €3
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I']'.Il.-' ‘_}_'I J_'I

! dx? o dy o dxdz
H= a=l i \'}'Ill ¥ . i) '..III.'
! dxdy fiy? fdydz
‘ -I-"I:.i'x:}z 1 ":rJ_sz & laze (3)
Having this eigenvalues and

eigenvectors, the intensity and the direction of
vascular structures can be found.

In 3D, the Hessian matrix H is
composed by the second-order partial
derivatives of the image I at a point (x,y,z). To
control the width of the extracted centerline, the
partial second derivatives of I in (3) will be
replaced by the partial second derivatives of
Gaussian as:

R
I P
a1, a*
e S LN R Y.
dxdy dxdy
. ( .1"'+_'p‘+z")
= exp| —
? JZmae)s 2o?

(4)
Where Go is a Gaussian function with a
standard deviation o.

Using the eigenvalues, the dissimilarity
measure is described as follows:

Ayl

Ry = ==

o (%)

e = FN (6)
5= I'Z).;'

' ()

The vesselness function can Dbe
calculated as described in [9]:

0if Az > 00rldy >0,

001~ {1 ) e 2
(l —EXp (— ZST-‘J ) Jotherwise

(8)

ILUNGA-MBUYAMBA, Elisee and AVINA-CERVANTES, JG. Brain
Tumor and Vascular Structures Segmentation Applied in Computer
Assisted Surgery. ECORFAN Journal-Democratic Republic of Congo
2015.
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Where a, 8, and c are thresholds which
control the sensitivity of the filter to the
measures R, and S. By applying a multiple
scales, the maximum response is the final
estimate of vesselness and also the enhanced
image which corresponds to line like structures.

= max {wyle)}
- -2

Tmin* Ty

9)

In this equation omin and omax Values
represent respectively the minimum and
maximum scales wherein the structures are
expected to be found.

They are chosen in order to cover the
range of the vessels widths.

Methods

A. Segmentation of cerebral vascular structures
driven by vesselness

Despite the contrast agent used in cT1MR data,
blood vessels are still little contrasted, and othe
anatomical  structures are visible and
represented with similar gray intensities. The
segmentation becomes more complex than in
CTA or MRA data, where only the vascular
structures are represented.

To improve the visualization of vessels
in the preoperative planning step, the vesselness
method has been adopted for the segmentation
task. Due to the skull noises affecting the result,
a preprocessing was carried out to extract the
brain using Brain Surface Extraction tool
(BSE). Secondly, the vesselness was applied on
the brain to enhance the visualization of
vascular structures. In the method illustrated in
the Fig. 1, the vesselness was performed with a
single scale ¢ = 1 and the extracted target was
filtered by a 3x3 median filter to reduce noises.
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( Step 1. Initialiization \

28

Step 2. Bratn extraction

4 L

Step 3. Vesseoiness

Figure 1 Image segmentation process proposed

B. Vessels-based registration for brain shift
correction Since a brain displacement occurs
after the craniotomy and during tumor
resection, the correction of the initial
registration is required. The vascular structures
was used as a reference to achieve the correct
alignment during surgery. The first tests have
been performed on the phantom data.

With a CEUS image a little misaligned
to the CT image, we used the vascular
structures to perform the alignment. The
method consist firstly by a segmentation of
vascular structures in both modalities, and
followed by a registration task of these
segmented elements. The registration provided
a transformation matrix that allows the
overlapping of images. When this matrix is
applied to the CT image, the alignment error
converge to zero.

ILUNGA-MBUYAMBA, Elisee and AVINA-CERVANTES, JG. Brain
Tumor and Vascular Structures Segmentation Applied in Computer
Assisted Surgery. ECORFAN Journal-Democratic Republic of Congo
2015.
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The methodology for correcting the
brain shift is illustrated in Fig. 2, where the
segmentation in step 1 was effected with a
simple thresholding method.

The registration on the second step has
been performed using the Normalized Cross
Correlation (NCC) as similarity measure. In the
third step, the corrected alignment of the CT
and CEUS images is presented. The
computation iteration time was of 34.9 seconds
and the images size 88, 40, 111 in 3D.

Figure 2 Proposed methodology for correcting
Misalignment

This correcting process can be described
as follows:

1. Manually definition of the Region of interest
(ROI) on the images,

2. Define the Threshold value by the user and
compute the segmentation,

3. Start the registration of the segmented
structures, The similarity measure is calculated
as:

NLC ;T:'.I".I-_I'I'TI
oy Ty s

(10)
4. Display the final solution
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Our contribution is the evaluation of the
accuracyand of the computation time relative to
the shapeand the pattern size. By reducing the
ROI size, the segmented structures also are
reducing in order toimprove the response time
of the algorithm. Thecomputation iteration time
decreased to 1.2 seconds (image size: 84, 37,
34), what means 29 times fasterthan in the first
case or an improvement of 96.56 percent.

I".- S e el llrlﬁ

T il

r!‘---:l—ll-:—l 1 winsciire -\.-H'

el

e

M

Figure 3 Overview of the computation time
Improvement

The registration using small structures is
computed with a reduced iteration time, and the
choice of a bifurcation helps to make the
algorithm robust to noises and less sensible to
errors related to the confusion in identification
of targets.

Given that this proposed scheme has
shown its capability to remedy the
misalignment of images, it have also tested on
real data.

C. Tracking of wvascular structures in
intraoperative US

The patient image dataset includes a
preoperative contrast T1 MR data and 3D
intraoperative contrast enhanced ultrasound
(3D-ICEUS) data acquired before and after
tumor resection.

ILUNGA-MBUYAMBA, Elisee and AVINA-CERVANTES, JG. Brain
Tumor and Vascular Structures Segmentation Applied in Computer
Assisted Surgery. ECORFAN Journal-Democratic Republic of Congo
2015.
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The use of a contrast agent enhances the
visualization not only the tumors, but also the
vascular structures. On the other hand, to
differentiate the remnant tumor with the blood
is a complex task in CEUS after resection.

Our method proposes to track vessels in
CEUS data using a pattern extracted in cTIMR
data, and the identification of the vessels avoids
the confusion between vessels and residual
tumor in CEUS images. Therefore, with the
implemented tool, the user defines a ROI in the
preoperative MR data including a blood vessel
perfusing the tumor to

Figure 4 (a) ROI in MRT and CEUS before
resection, (b) ROl CEUS before and after
resection

Track the vessels intraoperatively based on the
proposed methodology as shown in Figure 6
and 7.

Using a rigid registration method, the
selected pattern is searched in the 3D-iCEUS
data before resection within a larger region
because of the brain shift (Fig. 4). The detected
blood vessel becomes then the new pattern to
identify the same vascular structure in the 3D-
ICEUS data after resection. The extracted blood
vessels are finally segmented using a vesselness
method and visualized.

ISSN-On line: 2414-4924
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Results

This section shows the results obtained in each
application, and the implementation was done
with an Intel Celeron, 1.5 Ghz and 2 GB of
memory. The algorithms have  Dbeen
implemented using MeVisLab tool and ITK
C++ (Insight Segmentation andRegistration).

A. Visualization of blood vessels for brain
tumor resection planning

The figure 5 illustrates how the vascular
structures are displayed together with tumor
data to facilitate the surgery planning task by
the visualization. The tumor was segmented
using a region growing threshold connecting.

Figure 5 (a) Blood vessels image merged with
a tumor, (b) Segmented structures displayed in
the skull

B. Correction of the brain deformation based
onvascular structures

Since the brain shift can be corrected
using blood vessels, some results of the tests
performed on a patient data set is presented
below.

At the same position, the figure 8 (a)
and (b) shows the misalignment between the
MRT image and the CEUS data occurred
during brain tumor resection. By applying the
method of vessels-based registration to correct
the brain shift, the result obtained is illustrated
in the figure 8 (c).

ILUNGA-MBUYAMBA, Elisee and AVINA-CERVANTES, JG. Brain
Tumor and Vascular Structures Segmentation Applied in Computer
Assisted Surgery. ECORFAN Journal-Democratic Republic of Congo
2015.
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Furthermore, in the figures 9, the first
one shows the overlay of preoperative and
intraoperative data when there is a brain
deformation. In the second one, the result
obtained by the proposed methodology is
presented.

C. Blood vessel tracking in intraoperative
CEUS

Our method was tested on patient data in the
context of a brain tumor operation.

It was validated by registering the
preoperative MR data with the 3D-iCEUS data
using the transform matrix obtained in the
registration method.

The correct overlapping of anatomical
structures, especially the vessels, was visually
checked in the 3D-iICEUS data before and after
resection.

SART ansd CPUS b=fore resection ™

(e

/

ter mesaescion

[ R SpEg————

:E_S-I::=:r|:- ond o

0

o

Before trackenes After bracking -

e

Figure 6 Tracking process flow
Discussion

Application 1: for the planning stage, the
segmentation performed with the vesselness
method gives an output with noises and should
be validated by many specialists. The future
work will be to test other vesselness method as
described in [16].
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Application 2: in this work, we used a
rigid transformation model that allows to
correct the brain shift in a local volume. Due to
the elastic deformation of the brain, an elastic
registration method is needed to perform the
task.

Application 3: the big issue in the
segmentation task in ICEUS for tracking
vessels data still the quality of available data.
The image quality is important in order to get
an expected result with the proposed tool and
method. The future work could be focused on
the  image quality enhancement  as
preprocessing step to overcome some flaws that
occurred in the tracking process.

MRT and CEUS before resection
CEUS before and after resection
Before tracking

After tracking

Conclusion

Various segmentation methods are used on a
patient data set in medicine. In this work, three
medical applications based on segmentation of
vascular structures have been presented in the
context of brain tumor surgery. The obtained
results indicate that the vesselness method is a
suitable approach to help neurosurgeons in a
planning stage of brain tumor resection. With a
3D visualization, they can choose the least
invasive trajectory to reach their target.
Intraoperative CEUS modality is a cheaper and
easy method to check the brain deformation and
to identify the tumor tissues. The use of blood
vessels as a reference pattern has shown its
capability to correct the misalignment of
cerebral structures and to track a vessel after
resection in CEUS data to differentiate it with
the remnant tumor.

ILUNGA-MBUYAMBA, Elisee and AVINA-CERVANTES, JG. Brain
Tumor and Vascular Structures Segmentation Applied in Computer
Assisted Surgery. ECORFAN Journal-Democratic Republic of Congo
2015.
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data superimposed after the correction of brain
shift
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Abstract

Applying a Kalman filter, a skin-colored object is trac- king even if it is partial or total blocked. Using
the EM algorithm to obtain the probability distributions for both skin and nonskin classes a naive
Bayesian classifier is used to extract the current object position features, and use them as an input for
the Kalman filter. Using the skin segmentation instead of the gradient differences, only skin-colored
objects are tracked, preventing the tracking of undesired moving objects.

Kalman, expectation maximization, bayes, object tracking.
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Introduction

Object tracking is an important issue in tasks
such as surveillance, biological, control or
military processes and other industrial
applications such as quality control or mass
production. Since one scene can contain several
moving objects a simple difference of gradient
images can not be used if only one kind of
object is required to be tracked; therefore, a
more optimal solution to extract the position
features is needed.

We have several feature extraction
techniques available, but in this paper, the use
of the naive bayesian clasifier is explored. The
addition of a coste function and the
combination of different features show a better
performance once they are applied on the
database.

Using the UC Irvine Machine Learning
Repository skinnonskin database [1], a set of
183792 samples of skin and nonskin are used in
the training process, while the 61265 remaining
ones are used for testing purposes of the
probabilistic model.

Each frame is acquire and processed
with the EM modeled naive Bayesian Classifier
to obtain the current location as an input to the
Kalman filter wich estimate the position of the
data.

The first section of this paper will
introduce the problem and characteristics of
the used data, the second section introduce the
mathematical models to the reader. The
sections three and four shown the development
and experimental results of the proposed
method, while the last section presents the
conclusions.
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Mathematical models

This section introduced the mathematical
expressions for the Kalman filter, the naive
Bayesian classifier and the Expectation
Maximization (EM) algorithm.

For each part of the final algorithm a
few considerations are taken in order to
achieve the results.

A. Kalman Filter

Kalman filter is a recursive algorithm wich
estimates the position and uncertainty from a
moving feature in the next iteration. It is
supposed that the acquisition time from each
image to be analyzed is tk = t9 + KAT for k
=1,2,...,n, whitasmall AT value.

The system is modeled using the state
vector sk defined in (1) and a set of equations
called the system model. The state vector

contains the position (xk , yk ) and velocity (vX,
vy) of the object in the instant k.

1)

The system model uses the expression in
(2), where ok 1 is called the transition matrix
that may or not be time dependent wich contain
the relations between the past state with the
current one.

Sk ‘:'.L|'5.L'II‘;I.'I

()

The relations in (3) are used to define *
; these equations lead to (4).
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The & variable represent the system
perturbations due to additive noise and it is
modeled as a gaussian white noise with mean
zero and covariance matrix Qk
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& [ 0 0 o 0 ]
.00 0 gy (5)

Since this filter estimate the state, it is
supposed that a noisy measure is taken. This
relation is shown in (6)

Hysy + 1y

(6)

Where zk is formed with the positions
of the object measured with a sensor, but since
a noisy measure is supposed, the g component
is added deriving in the following relation

(3)-(1 00 ::1[3:.55]-(:::1
\ Vel (7)

Where pk defines a white gaussian noise
with mean zero and covariance matrix Rk

oz 0 )
R [ 0 o/ (8)
Once the system is modeled the Kalman
equations are applied, these equations include
the estimator precovariance (9), the Kalman
gain (10), the optimal state estimator (11) and
the estimator covariance matrix (12).
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assumptions:

The decision problem can be described
in probabilistic terms.

The probability for all possible values is
known.

This classifier uses the Bayes theorem
stated in (13).

D l'.' P l'.'-
Pl (13)

PihlD

Where

h correspond to the hypothesis D is the
observed data P(h) and P(D) are the
probabilities of h and D independent of each
other.

P(Djh), a conditional probability, is the
probability of the the observed data D once the
h hypothesis is accomplished.

P(hjD), is the probability of occurrence of h
hypothesis given the D data.

Since P(D) is considered a constant (for
all the hypothesis), it can be omitted from the
decision, and then we can use the maxima a
posteriori  (MAP) shown in (14) or the
maximum likelihood (ML) shown in (15). The
use of one of other will depend in the training
mode, if each hypothesis has the same
occurrence probability the ML classifier is used,
otherwise the MAP classifier is used.
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Bugap = argmdx PO R)PR)

(14)
hyyy, — argmix P(D| k) (15)

C. Expectation Maximization: GMM

The EM algorithm group a data set defining the
probability of each one each group, this is based
on an statistic model of finite mixture of
gaussian functions.

This model describe a set of k groups
with a gaussian or normal probability
distribution for each one. The parameters of the
distributions can be calculated using the
probability of belong of each data and the data
itself; the equations (16) to (18) describe the
calculus for the mean, the variance and the
probability of each group distribution
respectively, in each case, the w variables
correspond to the probability of the data to
belong to the current group.

oy LF;, "'-'_.T..:.rl.
LI 'I""'_.|_I (16)
2 Liywailn )’
o7 — Tt warlxi—pa)”
.. L‘I'I | Wai
(17)
Pa T2 Wai
Lit Wit Loy Ve (18)

With an aproximation of the parameters,
we can calcule an estimation to the group
applying the gaussian distribution defined in
(19).

1 X :-'-f
£ ey

Flxia, oy

1'.-"; Eﬂ'c__f

(19)

In order to obtain a better estimation, the
weights (or belong probability) are updated
using (20) and the algorithm is repeated until a
stop condition is accomplished.
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(20)

Since the EM algorithm only estimates

the values and seldom achieve total

convergence two common stop conditions are

used: define a number of iterations and achieve
a maximum likelihood for several iterations.

The first one can lead to a bad
estimation if a small number of iterations is
selected, while the second one can never be
achieve; for these reasons they should be used
together in order to avoid nonconvergence
problems and obtain the better estimation. The
maximum likelihood estimator can be used with
any of the equations in (21).

LP =[T;paPixiA) + paPixi|B)

LP =% In(p.P(x;|A) + pePix;|B))
’ (21)

Modeling the problem

In order to avoid a dependent component color
space the sRGB images should be converted
into another color space, the one we propose to
use is the CIE-L*a*b color space. Since we do
not require the colors of the segmented area but
its current position we do not need to return the
results to the SRGB color space.

Therefore the full process will consist in
the segmentation of the skincolored area and
the application of the Kalman filter. To achieve
the segmentation, a naive Bayesian classifier is
used applying the EM algorithm to obtain the
model. The system is modeled using the
equations describe in section I1.

A. The model problems

While histogram based models are non-iterative
methods, the EM needs a stop condition in
order to stop the loop since the total
convergence is seldom obtained, the incorrect
application of this condition can derive in
misclassified data.

H.-AGUIRRE-RAMOS, J. G., AVINA-CERVANTES, E. and
ILUNGA, Mbuyamba. Kalman filter for skin-colored object tracking.
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Since the output of the EM is only an
estimation of the actual solution, the parameters
for each class distribution function will show an
estimate behavior as well.

The better the stop condition, the better
the results; but sometimes the condition is
achieve while the output is far away from the
actual solution and therefore a poor modeled
distribution will be obtain instead.

The Figure 1 show the class assign for
each training sample once a certain stop
condition is achieve for the training data set,
this graph entail that while one class training
data is correctly assigned the other one include
misclassified points, leading to a poorly
classified results each time this model is used.
The stop condition to avoid classification
problems should be stated depending on each
particular problem needs.

Figure 1 Convergence problem

There exist the possibility of multiple
moving objects within the scene, but sometimes
we will not need to track all of them; therefore
we need an accurate method to detect and
extract features from the desired objective.

Our selection of the Bayesian Classifier
will reduce our problem to a probabilistic
decision, but to choose the correct model is the
real challenge.
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Experimental Results

The data from Table 1 show the accuracy rate
for several classifiers (Naive  Bayes
(Expectation  Maximization  with  partial
convergence (EM1), Expectation Maximization
with  total  convergence (EM2) and
histogrambased (Hist) pdf), Kmeans and KNN
with pn rule) once they are used with CIE-
L*a*b features (a component (a), b component
(b), coste function (c), MatLab Gaussian fitting
(f)) and the combination of them.

These results show that the use of EM
algorithm outperform the classic histogram
based model definition without the use of the
coste function and the other two classifiers.

However, once the models are used with
real data, not the one from the database, the EM
models shown a better performance than the
histogram based models since the first ones
does not misclassify hair or clothes border
pixels. In Figure 2, the versatility of the.

Bayes kmeans KNKN
Feature | EM1  EM2  Hist
a 52 95T 901 93.5 o7
b 4.2 917 457 1.9 a7
ac Ti9 213 956 - -
be B4 222 987 - -
ih BB DRH 995 920 6.3
abe T3 239 6 - -
af 81 957 3
bf B2 919 972
afc 739 213 2]
bfc 4 2214 532
abf B0 o9 N9
ahfc 0.3 99 GA8

Table 1 Accuracy rate for different pdf models
and attributes

Database and the models for segment
different skin pigmentation and the problem
generated for the EM convergence problem is
shown.

H.-AGUIRRE-RAMOS, J. G., AVINA-CERVANTES, E. and
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Figure 2 Skin-detection

With the features extracted, the Kalman
filter can be applied. The Figure 4 contain the
estimated path of a moving object once a noisy
measure (current position plus white gaussian
noise (N(0; 10))) is taken.

It is clear that even with a non-related
initialization, the Kalman filter follow the actual
path closely.

If the object is partial or total blocked
the Kalman filter uses the estimation as
observation and continue the process without
problem.

Figure 3 Kalman estimation of uncomplete
data

To test the Kalman filter behavior an
object is recorded on a video and its current
positions based on the results of a EM modeled
Bayesian classifier are obtained.

ISSN-On line: 2414-4924
ECORFAN® All rights reserved.

December 2015 Vol.1 No.1 10-15

To simulate missing data the object
cross behind a barrier, the results are show in
Figure 4. The path in red marks the actual path
of the object while the green one show the
Kalman filter estimation. While we have not
information of the object behind the barrier, the
Kalman filter estimate its position and possible
exit from it.

Figure 4 Kalman tracking of a total blocked
object

Conclusion

EM showed a better performance than
histogram based (hb) models, at least on natural
images; while the hb models classify non-skin
pixels with similar colors as skin ones, the use
of EM assign them correctly as nonskin.

The application of the Kalman filter to
found missing data showed a good performance
as well, while some models consider a constant
velocity, an approximate value can be found
using the current and past location, solving the
missing data problem and estimating a path that
follows the behavior of the tracked object.
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Abstract

Fruits and vegetables are normally presented to consumers in batches. The homogeneity and
appearance of these have significant effect on consumer decision. For this reason, the presentation of
agricultural produce is manipulated at various stages from the field to the final consumer and is
generally oriented towards the cleaning of the product and sorting by homogeneous categories.

The aim of this paper is to present the technique classification of oranges by vision, and to
evaluate the efficiency of this technique regarding the color like quality attribute for detection of
external blemishes. The segmentation procedure used, based on a Bayesian analysis, allowed to
classify fruits according to their colors. The results obtained show that the quality of images to be
analyzed has a great influence on the decision of the system. Blurred image increases the error of
confusion in the classification, because the system will not be able to differentiate the color of good
oranges with those that are rotten. For this reason it is very important to use a good quality camera
providing images.

Bayesian classification, image processing, quality of fruit, segmentation.
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Introduction

The need to measure the quality of fruits is
increasing each year in industry in order to
satisfy the final customers. In fruits and
vegetables production lines, the quality
assurance is the one of steps which is again
often done manually. Orange quality assurance
is done by persons trained who check the
quality of fruits and classify them based on
visual features. The prices of oranges are
strongly related to the visual feature, for this it's
one of elements very important for industry.
The classification can be done in many
categories, but we will consider only two
in basing on the appearance, the class of
healthy oranges and the class of defective
oranges.

Nowadays,  several  manufacturers
around  the world produce sorting machines
capable of pre- grading fruits by size, color and
weight. Nevertheless, the market constantly
requires  higher quality products and
consequently, additional features have been
developed to enhance machine vision
inspection systems (e.g. to locate stems, to
determine the main and secondary color of the
skin, to detect blemishes)[1].

Pattern  classification  deals  with
developing a model or method which classifies
the given query data item in to one of
predefined classes. A data item in most of
the cases is a vector of feature values and is
called a pattern. Training set is a set of patterns
where for each pattern we know its class. The
model or method to do pattern classification is
developed by using the training set. There are
various pattern classification methods, like, the
Bayes classifier, nearest neighbor classifier,
Perceptron, multi-layer Perceptron, support
vector machines, etc.
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The rest of the paper is organized as
follows. Section Il describes images processing
and analysis by computer vision. Section [l
describes the system overview, Bayesian
classification and color segmentation. Section
IV shows results of tests. Section V gives
conclusions of the project.

Image processing and analysis

Image processing and image analysis are
recognized as being the core of computer
vision. Image processing involves a series of
image operations that enhance the quality of an
image in order to remove defects such as
geometric distortion, improper focus,
repetitive noise, non-uniform lighting and
camera motion. Image analysis is the process of
distinguishing the objects (regions of interest)
from the background and producing
quantitative information, which is used in the
subsequent control systems for decision
making. Image processing/analysis involves a
series of steps, which can be broadly divided
into three levels: low level processing,
intermediate level processing and high level
processing.

Low level processing includes image
acquisition and  pre-processing.  Image
acquisition is the transfer of the electronic
signal from the sensing device into a numeric
form. Image pre-processing refers to the initial
processing of the raw image data for
correction of geometric distortions,
removal of noise, grey level correction and
correction for blurring. Pre-processing aims to
improve image quality by suppressing
undesired distortions or by the enhancement of
important features of interest.

Averaging and Gaussian filters are often
used for noise reduction with their operation
causing a smoothing in the image but having
the effect of blurring edges.

ILUNGA-MBUYAMBA, Elisée and AVINA-CERVANTES, Juan
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Intermediate level processing involves
image segmentation, and image representation
and description. Image segmentation is one of
the most important steps in the entire image
processing technique, as subsequent extracted
data are highly dependent on the accuracy of
this operation. Its main aim is to divide an
image into regions that have a strong
correlation with objects or areas of interest.

High  level  processing involves
recognition and interpretation, typically using
statistical  classifiers or multilayer neural
networks of the region of interest. These steps
provide the information necessary for the
process/machine  control  for quality sorting
and grading.

The interaction with a knowledge
database at all stages of the entire process is
essential for more precise decision making and
is seen as an integral part of the image
processing process. The operation and
effectiveness of intelligent decision making is
based on the provision of a complete
knowledge base, which in machine vision is
incorporated into the computer [2].

System overview

The system that we propose will consist of
three subsystems. The first one captures the
orange’s picture (camera), the second one
processes the image and performs the
classification (Image Processing  and
Classification), and the third one places the
fruit already classified in the desired container
(Healthy Output and Defect Output). This paper
focuses on the classification of oranges
according their appearance (healthy or defect).
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Image Procossing
Camena and Classification

Figure 1 Diagram of oranges classification
process

I11.1. Bayesian classification

If Ci, for i = 1,2, represents on the the two
classes, and X is the feature vector extracted for
the pixel whose class has to be found, then
the probability that the pixel belongs to a
particular class Ci is given by the posterior
probability P(Ci|X) of that class Ci given the
feature vector X (using Bayes' Theorem):

FPy{CiX} P (1)

Where P(Ci) is the prior probability of
the class Ci ; P(X|Ci) is the probability of
feature vector X, given the pixel belongs to the
class Ci ; and, P(X) is the total probability of
the feature vector X (i.e.,).

T, P(X|CIP(CD))

A Bayesian classifier first computes
P(X|Ci) using equation 1. Then, the classifier
gives the label Cm to a given feature vector

if P(Cm |™) is maximal.

Cm = @r@maxe Ip(Ci|X)}. The prior
probabilities P(Ci), P(X) and the conditional
probability P(X|Ci) are computed from the
labeled images [4].
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Color segmentation and classification

The image segmentation is based on
researching of areas of image with common
attributes, such as brightness or texture rarely.

In this paper we focus on image
segmentation (segmentation by region). Color
segmentation  using  Bayes's  theorem,
specifically naive Bayes in which it is assumed
that the color components (RGB) are
independent. There are different methods of
segmentation by region: histogram, processing
by region, and by optimization. We opted for
the histogram method which is simple and easy
to implement. In this method, the image is
decomposed into RGB and is represented by a
histogram of each color. The probability that a
pixel belongs to the class sought is
obtained by comparing the RGB components
of the image with those the database. And
according to the Bayes theorem, we can take
the decision that a pixel belongs to the class w1
(healthy) or in the class w2 (defect).

xewl,if P(X/ ®l) >P(X/ ©2) @)
Xew2,if P(x/ ©l) <P(X/ ®2) (3)

The parts of oranges with blemishes and
the parts healthy are segmented according their
colors, and then the percentage of each pixel
classified like defective (3) or healthy (2)
allows taking decision of classification of
fruits. In this step we have seen that the quality
of image is very important, for this reason it is
important to use the high quality cameras.
Also the preprocessing is necessary too for
improving the quality of image, because the
bad quality increases the error in classification.
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Results

For experimentation we use twenty six images
for healthy oranges and twenty one
images  for defective oranges. The image
processing and classification give a satisfying
result, and then this output classification should
help to separate the healthy oranges with the
defective in the production line.

Classified like healthy

wE

Figure 1 Image of classification orange healthy

Classified like defect

Figure 2 1Image of classification orange
defective

As illustrated in Figure 1, the
classification is fine for healthy output, and in
the Figure 2 we illustrate the classification of
defective orange. In this case we choose the
color background white, with this we use
segmentation directly without eliminate the
background. The color of background is
constant, but the colors of fruits are variables in
the segmentation process.

ILUNGA-MBUYAMBA, Elisée and AVINA-CERVANTES, Juan
GABRIEL. Bayesian classification of oranges using image processing.
ECORFAN Journal-Democratic Republic of Congo 2015.



Article

20
ECORFAN Journal

Conclusions

The segmentation method is fast and appropriate
for on-line processes, but depends much on the
color of the objects to be inspected. For this
reason, the system needs to be trained
frequently by an expert operator. The non-
destructive nature of this technique, the speed
and hygienic inspection condition help to
maintain its attractiveness for application in the
food industry.

Our system showed good results when
positioning of oranges facilitate detection of
blemishes on the skin. For this reason we
recommend using more cameras to take many
images in different angles, for tracking
blemishes on the oranges skin.

We had a classification error of 2%, it means
that 1 orange was classified like defective but it
was healthy. And we obtained 98% of correct
classification. With the technique of Kernel
Density we improve the classifier by reducing
the classification error to almost zero.
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Abstract

A segmentation of 3D vascular structures based on vesselness associated with a region growing
algorithm is presented in this paper. The blood vessels segmentation is still important in the
diagnosis of diseases related to their forms, surfaces and volumes. The extraction of vascular
structures is commonly achieved with angiographic data set, but our contribution in this work
is to perform this task with standard available data in the context of brain tumor. This is a
big challenge because of the variation of pixels intensity and the low contrast in cT1IMR
(contrast T1 Magnetic Resonance). We propose a method starting by the enhancement of
tubular structures using a vesselness filter, and then the region growing algorithm is
performed slice by slice in a 3D volume defines by a ROl (Region Of Interest) for segmenting
blood vessels.

Brain tumor, Image segmentation, Region Growing, Vascular structures, Vesselness.
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Introduction

The analysis of vascular structures in medical
image is useful in the diagnostic process of
specific diseases or in the planning of surgeries
with the goal to keep them intact. The
segmented vessels can be used directly by
surgeon for a checking or for other purposes
such as registration carried out with vessels as
landmarks.  Despite  remarkable  efforts
developed in recent years, medical image
segmentation is still one of the problem not
solved in general, because there are difficulties
due to low contrast, noise, and other imaging
ambiguities [1]. Radiologists and medical
experts spend most of the time segmenting
manually medical images. Moreover, the final
result is affected by the user fatigue or missing
manual steps. Several techniques were
introduced to automate the process in order to
handle a large number of cases with the same
accuracy and high speed.

The simplest approach for segmentation
is the thresholding [2, 3], but there are also
improved method such as region growing [4].
The first method suffer of many drawbacks
such as: it fails in the presence of smooth edge,
varying intensity and sensible to the noise. The
second one has the problems of leakage when
the boundary is blurred and the difficulty to set
a threshold value confining the target. Other
techniques are used for this purpose such as
hybrid genetic algorithm and Artificial Neural
Network Fuzzy (ANFIS) [5] in brain tumors
segmentation, graph cut with shape priors [6, 7]
and active contour model introduced by [8]
which used an explicit type of curve
representation.

The level set approach [9] was proposed
to address the curve parameterization issue of
the last method.
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Vessels segmentation also can be
achieved with vessel enhancement filters by
using the Hessian operator as presented by
Frangi [10] and by Krissian et al. [11]. Krissian
proposed a model which combine the Hessian
matrix and the gradient based structure tensor to
get a robust technique to extract tubular
structures [12].

In this work, we developed a
visualization tool to enhance the blood vessels
in 3D MR data during brain tumor surgery with
the goal to keep them intact. Tumor resections
are commonly guided using a navigation
system based on contrasted cTIMR data. The
contrast agent highlights the brain tumor and
the vascular structures as well. Especially those
around the brain tumor are of interest for the
surgeon. However, these blood vessels are thin
and few contrasted. We tested therefore a vessel
enhancement filter known as Frangi vesselness
will be associated with a region growing
algorithm to enhance the vascular structures in
order to increase the contrast between vascular
structures with other anatomical structures. The
pixel intensity obtained after the vesselness is
suitable for an automatic thresholding using
Otsu method. This paper is organized as
follows: section Il describes the algorithm used
for blood vessels segmentation and the
proposed methodology to extract vessels
around brain tumors is explained in section IlI.
Preceded by the results section of tests
performed on the patient data, the last one
concludes the analysis.

Background
Region Growing

The basic idea of the Region Growing method
is to start the segmentation from a given seed
point selected in the target to be segmented.
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The object is segmented by a recursive
search among the voxels in the neighborhood of
the starting point to find those that meet a
membership criterion to the region. Usually, the
threshold value is used as a criterion of
belonging to the region. The final partition
segmented R is defined by the mathematical
formulation:

PRy 0 Ry) = false (l)

Where Ri is the connected points
satisfying the predicat P.

Vesselness

The use of other segmentation methods is not
adequate for the segmentation of cTIMR data.
Usually, they are used on angiographic data.
The vesselness based Hessian matrix is useful
to enhance vascular structures and to allow the
visualization of vessels relative to the tumor.

The filtering based on hessian matrix
allows to extract vascular structure in medical
images by calculating the eigenvalues A1, A2,
A3 (A1 | < A2 | < A3 ]) of A2 1, and their
corresponding eigenvectors e, e, es.

@)

Having this eigenvalues and
eigenvectors, the intensity and the direction of
vascular structures can be found.

In 3D, the Hessian matrix H is
composed by the second order partial
derivatives of the image | at a point (X, Y, z).
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To control the width of the extracted
centerline, the partial second derivatives of I in
(2) will be replaced by the partial second
derivatives of Gaussian as:

FlL _[Z g
T o r
S 2
i T n:',,.-‘I I
iy drity 7|
1 = T
G e it = |
VT 3)

Where Gg is a Gaussian function with
a standard deviation o.

Using the  eigen values, the
dissimilarity measure is described as follows:

A

R,

_ @

fi = e (5)
s- 3

= ©

The wvesselness function can be
calculated as described in [10]:

il if A Dor Aa=0

. R 4 13
u () l exp| ..f—l':,l-:-xp: -]

(1 — exp( i.\—-_':. otheruise (7)

Where o, B, and c¢ are thresholds which
control the sensitivity of the filter to the
measures RA , RB, and S. By applying a
multiple scales, the maximum response V]| is
the final estimate of vesselness and also the
enhanced image which corresponds to line like
structures.

=, B, ) ®)

In this equation omin and omax
values represent respectively the minimum
and maximum scales wherein the structures
are expected to be found.
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They are chosen in order to cover the
range of the vessels widths.

Methods

The low contrast in MR images does not
facilitate the segmentation task in medical
application. By wusing the simple region
growing, the result obtained is not adequate
because of the leakage in the segmentation
due to the close intensity value of vessels and
other structures. On the other hand, this
technique is more sensitive to the
initialization seed point and without an
appropriate choice of this starting point, the
extraction of the target fails. Because the
segmentation carried out by a region growing
method is based intensity, the optimal
threshold value that could be chosen will
extract inappropriate structures such as head
bones and soft tissues. To overcome this
drawback we propose first to enhance de
vascular structures with a Frangi vesselness
filter. Based on eigenvalues of the Hessian
matrix, the filter will find the wvesselness
maximum response which corresponds to the
tubular forms in the image. The goal of this
step is to highlight the vessels in comparison
with other structures. With an improved
contrast between our target structures with
others, an automatic thresholding algorithm
such as the Otsu technique could be used to
perform the segmentation. By assuming that
the image to be thresholded contains two
classes of pixels, the algorithm calculates the
optimum threshold for separating them in
order to minimize the intraclass variance and
to maximize the interclass variance.

The proposed segmentation
methodology, allows not only extract the
vascular structures, but also our approach
presents the result in a 3D model for a good
evaluation.
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For a 3D model, a centerline is
calculated as local maximal distances for
getting skeletons presented in Figure 1.

Results

The results of the proposed method are
illustrated in this section. The
implementation was done with an Intel
Celeron, 1.5 Ghz and 2 GB of memory using
Mevislab tool.

Figure 1 Skeletons

An accurate segmentation carry out
manually that could be considered as
reference becomes more difficult in the 3D
images used. With a goal to extract vessels
among different structures, our results were
validated by experts based on a visual
inspection as described in [13]. Fig .2(a) and
Fig .3(a) show the slices of a region of
interest from a cT1IMR images with blood
vessel to be segmented and located in the
neighbour of the brain tumor. In the Fig .2(b)
and Fig .3(b) the results obtained with our
segmentation method are presented.

The task has been carried out with a
multi scale vesselnes to extract vascular
structures in the image slices. We choose o
= [1, 3] for the first case, ¢ = [1, 2] for the
second case and the number of scales equal
to 3 in the both cases.
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Figure 2 (a) 4 slices of a MR image with
blood vessels, (b) The result segmentation of
vascular structures in (a), (c) representation
of the segmented vessel from the set of 8
previous slices

>${\

Figure 3 (a) 8 slices of a MR image
containing blood vessels, (b) The result
segmentation of vascular structures in the
image slices (a), (c) representation of the
segmented vessel from the set of 8 previous
slices
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Conclusion

In this paper a region growing method applied
to Frangi vesselness is proposed in the
context of segmentation of vascular structures
around the tumor. Despite the difficulty of
using this kind of data not oriented vessels
visualization, the results of the proposed
method have shown the capability to enhance
and extract vascular structures. The 3D
reconstruction is a suitable mean for surgeon
in the planning step or during brain tumor
surgery when the risk of damaging blood
vessels should be reduced.
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Introduction

Thresholding is a segmentation technique
widely used in industrial applications. It is used
when there is a clear difference between the
objects to be extracted on the merits of the
scene. While there are different methods to find
a threshold, most of them do not work well
when working with images of the real world
due to the presence of noise levels histograms
or inadequate lighting. By contrast, the method
of Otsu is one of the best methods of selecting
threshold for real-world images.

On the other hand, the Bat Algorithm (BA) is a
metaheuristic algorithm which is inspired by
the echolocation behavior of bats, and uses a
frequency balance and automatic tuning of
exploration and exploitation by controlling
loudness and rates pulse emission. The ability
of echolocation in bats is fascinating as these
can find their prey and distinguish different
types of insects even in complete darkness.

Statement Problem

In the last hundred years many branches of
knowledge have been favored with the advent
of computer equipment robust and inexpensive.
One example is medicine, where it has reduced
the mortality rate due to an erroneous clinical
diagnosis. Being specific, the digital medical
image  processing  prevents  misplaced
interpretations by specialized personnel, mostly
caused by noise or scanning errors. Among the
most interesting medical imaging scans as lie-
rays, ultrasound and encefalografias, besides
the images of electrophoresis.

Now, one way to prevent these medical
problems, is to segment the images as to clarify
the relevant information they contain. For this
Otsu's method is traditionally used, among
others.
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However, this strategy does not deeply
studied for more than a threshold segmentation.
Thus, for each medical image, you must
determine the optimal thresholds that result in
the best image segmentation.

Therefore, this research intends to
conduct a preliminary study of an
unconventional method optimization, as an
alternative strategy to the traditionally used to
find the optimal thresholds in Otsu method for
applications in medical imaging.

Methodology

To carry out this research was carried out the
procedure described below. First, we selected,
studied and implemented unconventional
method optimization, metaheuristic, the virtual
bat (or BA, its acronym in English Bat
Algorithm). To do a commercial numerical
computing platform operating on Microsoft ™
Windows 8.1® operating system used. Next,
the algorithm performance tests were conducted
using standard test functions commonly used in
the literature. Then, as the main part of the
research problem, the BA method for solving
problems of image segmentation test was
implemented. Each test was repeated for about
10 times, from a statistical analysis, adjust the
control parameters of the method for
thresholding problems. An example of these is
shown in Figure 1. And the results were
compared with those obtained by the method of
particle swarm (or PSO, its acronym in English
Particle Swarm Optimization).

{a) (b)
Figure 1 Image Standard Test: Lena in (a)
color and (b) grayscale. RESULTS
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In Table 1, the original image is
displayed in grayscale Lena (Figure 1), and the
results obtained after a process of segmentation
algorithms using unconventional optimization,
BA and PSO.

In Table 1, for only a threshold, you
may notice that the image treated with PSO
algorithm takes pixels that should be considered
in the first (lighter) region. Additionally, this
happens with part of his face and arm, that is,
taking part of the skin as if it belonged to the
region of the hair. Therefore, it is possible to
observe as part of hair which falls on the
shoulder of Lena, is not separated from the rest
as in the original image; so it follows that no
loss of information in this region. Instead, the
image obtained using BA displays more details
that are clearly differentiate hair from the skin.
Also, it notes that the product image is more
like BA the original image.

Numper

Method

PSO

BA

Table 1 Comparison of images with the
optimal thresholds found with PSO and BA.

However, when the threshold number
two, mainly noticing the arch at the bottom of
the image obtained with BA are more detailed
than the image achieved by PSO; in which only
a single black color is observed. According to
the above, emphasis is placed on that part of the
hair that falls on the shoulder has higher
resolution (more delineated a border), the eyes
are more delineated and can more easily
differentiate the rest of the face nose.
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Next, for three thresholds, also in Table
1, it is observed that the hat BA image is
completely separate from the background
image, while image PSO thereof is mixed with
the background. Also, you may notice more
details in the decoration of the hat (more
clearly) and nose. Finally, the images are
formed from four thresholds, it appears that
obtained by BA presents more details, less
noise, more clearly and also the edges are
outlined in greater proportion than found with
PSO.

Meanwhile, in addition the above
analysis, in Table 2 the thresholds found for
every optimization method are presented. In
this it shows that the algorithm achieved a
virtual bat higher interclass variance (or
objective function), which, in short, makes their
results are higher quality than those determined
with PSO. Additionally, by way of illustrative
example, in Figure 2 the resulting histograms
after segmentation process thresholds 2 and 4
are shown.

Mathed 1 2 k] 4

162 52112138172

PSO 69,148 8162 112;138;
£:170 76;114;144;180

38;1
BA 117 93,130 201

Function Valus

PEO 1923.04 1924,00 1924.11
BA 160123 1961 82 212831 2191.74

Table 2 Values obtained for the thresholds and
the objective function with PSO and BA.

—=e PSO
12 — BA

0 50 100 150 200 250 300
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e’ ; Finally, an example of application to

- gio medical imaging are presented in Figure 5. In

CO 50 100 150 200 250 300

Figure 2 Histogram of the image of Lena
segmented with (a) two and (b) four thresholds.

After contrast the two methods of
optimization using the image traditionally used,
Lena, the same procedure was implemented
with a photograph taken recently by NASA, ie
Pluto. In Figure 3 the original image used, and
the resulting image segmentation process four
thresholds with BA is shown. This is presented
in Figure 4, where the histogram of the original
image and optimal thresholds found by the
algorithm shown virtual bat.

Figure 3 Image (a) the original grayscale and
(b) segmented Pluto, taken from POT.

Fo g

W v 7, -
EO R Tl

Figure 4 Histogram of the original image of
Pluto and optimal thresholds obtained with BA.
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(@) and 5 (c) the two original figures used are
shown, and Figures 5 (b) and 5 (d) are images
resulting after optimal segmentation process
through BA. In the latter, using four thresholds,
details which facilitate the diagnosis by the
medical staff are perceived. Therefore, the
algorithm virtual bat is adequate and high
potential for medical imaging tool.

Figure 5 Original images (a) and (c), and
segmented images, (¢) and (d) two
electroencephalograms.

Conclusions

In this paper the possible application of an
alternative  non-conventional  optimization
algorithm is explored, as is the virtual bat
algorithm (BA) for the digital medical imaging
through a process of multi-threshold
segmentation. The first part of this work
consisted of adjusting the parameters of the BA
control method for subsequent implementation
in image segmentation standard test. For this
utility function used as the interclass variance,
given by the method of Otsu.
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After the adjustment, the results
obtained with BA and PSO segmentation of test
images were compared. With the above, it was
determined that the bat algorithm provides
more detailed segmentation than those
determined by the method of particle swarm;
showing an increase of 2, 10 and 12% in the
utility function 2, 3 and 4 thresholds,
respectively. Then, the same procedure for
other images was implemented by way of
example, ie Pluto, and thus show the validity of
the method. Finally, two medical images related
to an anonymous patient encephalopathy were
segmented. In the resulting images they were
observed some subtle details in the original
image, which could help in the corresponding
medical diagnosis. Thus, this work found that
virtual bat algorithm is a powerful tool and
alternative for applications multiumbral image
segmentation, especially for the case of
medically related.
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Introduction

Necessary to perform thresholding on images
given functions were implemented. The
implementation is in C, using the Open CV
library, which provides a lot of useful functions
for image manipulation. The first algorithm is
global whose threshold is calculated using the
cumulative histogram. The second algorithm is
the local umbralizador Niblack [1], which uses
a Local thresholding using square windows,
and measures statistical used to calculate the
threshold of each region. And finally, Bernsen
algorithm [2] which was implemented as of
Niblack uses the windows but this simply uses
the maximum and minimum values of each
window to determine a threshold in contrast.

Methodology

Three processing algorithms is performed on a
converted image to grayscale, to this Equation 1
is used.

Y =0,3R +0,59G + 0,11B 1)
I1-A. Global thresholding

The first algorithm is described below:

Get the histogram of the gray scale image.
Obtain the cumulative histogram.

Find the gray level value for which the
cumulative histogram is 0.5 and assign the
threshold th.

The pixels with higher intensities to paint th

white and pixels with lower intensities are
painted black.
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Global multilevel thresholding

The global optimization algorithm was
implemented for a multilevel thresholding, ie,
more than a threshold. The procedure is quite
similar to the previous, but now thi N values are
calculated. The calculation of the threshold
values given by the Equation n2, where i runs
from1to N - 1.

thi =i/N (2
Local thresholding Niblack

For the second algorithm must travel the
image pixel by pixel with a square window (see
Figure 1). In the case of the algorithm
implemented it has a resizable window. The
threshold value th is calculated with Equation 3
where p is the mean of the window, a parameter
k is usually equal to 0.2 for clear images and -
0.2 for dark images, and o is the standard
deviation of the window. If the value of the
center pixel is greater than TH, the pixel is
painted white, otherwise it is painted black.

I = 4 by 3)

[ =] 23]

[ il e ]

] = -

Figure 1 3x3 window. The center pixel is being
evaluated, but using as a reference all the pixels
around it.

There is a slight variation to the
algorithm by adding another parameter ¢ which
suggested value is 1.3, so the formula is as in
Equation 4.

th=p+ko-c 4
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Local Umbralizador of Bernsen

Bernstein algorithm also occupies a window, as
for the previous case was implemented
resizable. For this algorithm you have two
values, a local contrast (see Equation 5) and a
contrast threshold. The contrast threshold has a
value of 15 suggested by the author, but can
receive any nonzero value. Besides, it is
necessary to calculate an average gray value
(Equation 6).

Local Contrast = max - min (5)
half gray = (max - min) / 2 (6)
1) Algorithm:

If the Local contrast <Contrast threshold.

- If the average gray > 128, the pixel is
white.

- If the above condition is not met the
pixel is black.

If the local contrast contrast threshold >

- If the average value of the center pixel
gray >, the pixel is white.

- If the above condition is not met the
pixel is black.

Results

The test images were obtained from the
database provided in reference [3].

Global thresholding
The global thresholding results are shown in

Table 1. The tests for different levels of
shrinkage are shown.
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Thresholding Niblack

Different tests for different window sizes on
Niblack thresholding algorithm is performed
(see Table II). Tests were performed by
changing the input para'metros but are not
reported due to the large number of possible
combinations, but the observations are
discussed in the concluding section.

Thresholding Bernsen

Different tests for different window sizes on
Bernsen thresholding algorithm (see Table 111)
were performed. Tests were performed
changing the contrast threshold. The results
reported to us, but the observations are
discussed in the concluding section.

Table IV a visual comparison of the
performance of the three algorithms analyzed in
this report is shown.

Conclusions

Visually, to test cases the results are better with
global thresholding. Local thresholding with
small windows have a performance that even
resembles edge detectors, but noisy in areas of
almost constant color, this due to slight changes
in color between pixels although the human eye
color It is uniform. Using larger windows
performance improves. One of the applications
that would be interesting for thresholding
pictures are very dark areas where objects are
almost imperceptible to the human eye and yet
no useful information in these regions. In local
thresholding, the same object can be classified
differently if your background is not constant,
that is, if part of the is a dark area on either side
of the on a clear area. This is a distinct
disadvantage against global thresholding.

GARCIA-MARTIINEZ, Manuel Dario. Thresholding images.
ECORFAN Journal-Democratic Republic of Congo 2015.
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Another drawback of the analyzed local
thresholding is that they require a considerable
number of parameters and that although the
authors  recommend  parameters  fixed,
sometimes the best results using different
parameters than those above. The fact that the
images are taken for purposes of use in robotics
and that the quality is not too high causes very
noisy which can affect an algorithm with the
characteristics of the local thresholding images.
In terms of computational complexity of local
thresholding require more operations, since
each pixel performed in the case of Niblack 18
summations and 9 multiplications, in addition
to the standard deviation calculation. In the case
of Bernsen searches for minimum and
maximum from 9 data. As for global
thresholding only an amount per pixel for the
histogram and a second sum and division to the
cumulative histogram is performed. In the case
of global thresholding, an image with a color
irregular distribution could alter its functioning,
so a good measure would apply a stretching
algorithm in a pre-processing.
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Table 11 Results obtalned Wlth thresholdlng
algorithm Niblack.

Table 111 Results obtalned with thresholdlng
algorithm Bernsen.

T sy

Table 1V Comparison of the performance of
different algorithms against the same image. In
this case it is observed that the overall
umbralizador not produce good results since the
left side of the image is lightly shaded, which
affects their performance. The algorithm with
better results for this test is the Niblack.
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Abstract

A method for removing noise in ECG signals consisting of the decomposition occurs at L level, the
signal using a wavelet Daubechies. Each segment is analyzed to determine whether or not components
are reduced or attenuated; modified from the original data signal is reconstructed preserving the values
of CAL approximation and all those details CDi components whose contribution is relevant to the
shape of the ECG signal. To determine if a signal should be preserved or not a rule based on the
standard deviations of the reporting segment and the original signal is used.
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Introduction

The activity of the heart can be amplified and
be recorded on an electrocardiogram (ECG),
which can be used to diagnose heart disease.
With each heartbeat, an electrical signal spreads
from the top to the bottom part thereof. This
signal causes the walls of the heart to contract.
When the walls contract, blood is pumped into
the circulatory system. Internal and external to
the chambers of the heart valves ensure that
blood flow is in the right direction.

The typical layout of an
electrocardiogram, as shown in Figure 1,
consists of a P wave, a QRS complex and a T
wave Small wave U is usually invisible. These
are electrical events not to be confused with the
corresponding mechanical events, ie the
contraction and relaxation of the heart
chambers. Thus, the mechanical systole or
ventricular contraction begins just after the start
of the QRS complex and ends just before the T
wave end diastole is the relaxation and
ventricular filling begins after culminating
systole corresponding to the contraction of the
atria, right after the start of the P wave This
process is repeated for each heartbeat.

P PR QRS ST T U

Orea Segmerto | Complejo Segmento Orda Oreda

~ A\ B

Figure 1 ECG Signal
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The frequency of the ECG signal may
be between 0.5 Hz and 100 Hz, this sen~ to be
corrupted due to various types of devices, such
as line interference power, noise contact with
the electrodes, motion artifact, muscle
contractions, baseline shift or noise generated
by electronic equipment among others.

A corrupt signal these devices lead to
misdiagnosis. Therefore, reduce and remove the
noise contained in these signals is a starting
point for the analysis thereof. In addition to
conventional filtering techniques (FIR and IIR
filters) [1], have been exploited other noise
reducing means, such as using wavelets [2].

It is proposed to use the decomposition
of the signal from the wavelet transform to
suppress noise in the signal. This process is
carried out by partial or total removal of detail
coefficients that are generated from the
decomposition of the signal.

Implementation

The overall process is illustrated in Figure 2,
this process comprises the following steps:

- Signal reading and parameters

- Calculating reference values
- Signal decomposition

- Travel segments decomposition

- Calculation of wvalues of the
segments

- Reduction or elimination of
components

- Signal Reconstruction

AGUIRRE-RAMOS, H. Wavelets for correction of ECG images. ECORFAN
Journal-Democratic Republic of Congo 2015.
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Start
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L=Levels

stdr=std(sECG)

Y

ECG decomposition
level: L

Sigmal T

fecomstruction
\ :

sdat=std(segmento)

mdat=mean (segmento)

1

Reduction or
slimination of
components

Figure 2 Overall process
A. Reading and signal parameters

Shown process is performed using MatLab
programming environment; data from the study
of electrocardiogram, stored in a CSV or XLS
file is read and stored in memory for use for
validating a synthetic ECG signal is generated
from the individual functions sECG=ecs(N}  of
MatLab.
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The levels of decomposition and
wavelet used are  determined  from
experimentation with a synthetic signal and
defined functions MatLab.

Decomposition of the signal B.

For the decomposition of the signal wavedec
function of MatLab environment it is used. This
function develops multi-level analysis to trave's
of the application of a one-dimensional wavelet.
It has the syntax: [C-Lel = wavedec(X N.'wname') ;

Returns the decomposition of N-level
signal X using the mother wavelet 'wname' in
vector C and the length of each of these
segments in the Le vector. Figure 3 shows the
decomposition of S signal using 5 levels of
decomposition.

Crd CD4

Figure 3 Breakdown of a signal into 5 levels

At each level of decomposition ISC CDi
data and data is generated; the first coefficients
corresponding to the approximation of the
signal, while the latter contain coefficients
details thereof. As the number of levels in the
decomposition increases, coefficients generally
ran CAl two new data sets and
CAiry €D Wi 1.2, L—1_Consider the data
shown in Table 1, these displayed ISC and CDi
coefficients generated from the decomposition
forL=4,5,6and 7 levels.

AGUIRRE-RAMOS, H. Wavelets for correction of ECG images. ECORFAN
Journal-Democratic Republic of Congo 2015.



Article

39
ECORFAN Journal

C. Tour of the segments and elimination or
reduction of components

Depending on the L value selected, the vector C
will have L +1 corresponding to the

decomposition of the signal in the coefficients
CAp vy CD; Wi—1,2, . L.

While the coefficients may be reduced
or CDi entirely eliminated, the coefficients in
CAL

Levels Daia
q casd Cha | L3 | CDZ | LI
5 CAS COS|CDS | CO5| CDI | CDI
[ CAb COO|CDE | CD3 | CDI| CDZ | CDI
? CATJCOT | CO | COS | COH | CO3 | COZ | CD1

They are retained, then a route is through the
CDi coefficients to determine whether they
should be eliminated.

For each of the segments having the
standard deviation is calculated, if the segment
in question has a lower than that observed in
the original signal standard deviation, this
segment will be a candidate for the reduction of
its components. Thus, segments with lower
standard deviations correspond to elements
listed throughout uniformly signal and therefore
its contribution to the waveforms in the ECG
will not be significant, corresponding mostly
noise present in the signal.

Partial or total reduction will lead to a
signal which retains most of its characteristics,
not their amplitudes. Completely eliminate
certain segments, for example, it produces a
reduction in amplitude at the maximum or
minimum QRS points of the signal to be
treated. To prevent this effect, the following
formula is used:

(o] = ‘T
Crar() { f_j' L(n) eg.;z:;::w T Heep
reg 1) (1)
Where (n) is the value of the analyzed
segment, while oseg and usec are the mean of
this, with standard deviation and K>4.
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Consider the data in Table 2, with the
contribution of each of the segments of a
synthetic noise signal with uniform ADDED
shown. Columns 3 and 4 show the average of
each of the segments and standard deviation,
which compared with the value of the standard
deviation of the original signal (o = 0.2943)
shows that the segments CD; to CD, are
candidates reduction in its components. For
these segments, the App column shows that
these do not provide data to the waveform
pseudo-noise but only along uniform signal.

Seg App iz 1

CD1 I 01879 -0.0017
A bl

CcD2 i 02124  0.0046
Wil prbanty

CD3 i 02306 -0.02358
et Tphendy

CD4 i 02121 -0.0047
ey iy

CD3 i 05837 0.0021
i henly

CDd i 05614 -0.0138
Wt ey

CAf i 03886 05568
Wl ey

Table 2 Decomposition of an ECG signal with
oef = 02943 in 6 levels of wavelet
decomposition using a DB34

Reconstruction of the signal D.

With the new vector C reduced, we proceed to
the reconstruction signal for this function
MatLab Wave-rec is used. This function takes
C and Le vectors generated by the wavedec
function, plus the type of wavelet
decomposition used for reconstructing the
original signal from these. It has the syntax:

AGUIRRE-RAMOS, H. Wavelets for correction of ECG images. ECORFAN
Journal-Democratic Republic of Congo 2015.
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Experimental results

There is a maximum level of decomposition
that can be made to a signal; but generally 5, 6
or 7 levels can be performed without problem.
Table 3 shows the correlation between a
synthetic signal (without noise) and filtered
versions of this (after the addition of noise).
Data is filtered by using a threshold signal
value K = 4, completely eliminating the
corresponding segment and also applying the
Savitzky-Golay filter MatLab, for 2-10 levels of
decomposition. It is noted that the
correspondence maximum levels are 4, 5, 6 and
7 levels of decomposition. Different tests
showed a value of L = 6 generates good results,
without increasing processing time.

Performing a similar process, but now
alternating windows used, the most suitable for
the task wavelet window was determined,
showing that windows db28 DB34 and produce
the best results in tests, the data are summarized
in Table 4.

Using the information obtained noise
reduction process of the synthetic signal is
performed, producing the output shown in
Figure 4. The data obtained through wavelet
remain very close to those shown by the
Savitzky-Golay filter in most 1a of its points.

else  Cseg(n) = Cseg(n) (2)

-:XM 7]

'.
Figure 4 Fllter a synthetlc S|gnalusmg the
process in Figure 2, with wn = DB34, L = 6 and
K=4.
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Conclusions

Table 5 shows the relationship between the
synthetic signal without noise and filtered
versions of the same signal with white noise.
Data show that noise reduction using wavelet
following results using  Savitzky-Golay;
however it has a higher correlation with the
original signal, which can be seen on the peaks
of the QRS complex in Figure 4, where the
Savitzky-Golay filter has a lower amplitude
than the original signal using wavelet or results.

Correlation(Xf i|

Xor)
Thres 0.9761
Savitzky-Golay 0.9628

Table 5 Comparison of results

Following the same procedure the
filtering process a sen~ the actual ECG is
performed, resulting in the signal in Figure 5.

Figure 5 Noise reduction in real ECG signal
withwn=DB34,L=6and K=4

It is concluded that the use of wavelet
on other filters produces similar or better
outputs, reducing in most cases time for the
filtration result.

AGUIRRE-RAMOS, H. Wavelets for correction of ECG images. ECORFAN
Journal-Democratic Republic of Congo 2015.
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Levels| 2 3 4 5 6 7 8 10
9

Thres |0.9140 |0.9639 |0.9761 [0.9761 | 0.9761 0.9648 0.9676 |0.9642

Savitz 0.9628
ky-

Table 3 correlation with decomposition levels
using a DB34 window.

Wavelet [db28 (db34 |dmey [oior2.2 |bior6.8 [rbio3.9 |rbio6.8 [coif4  |sym16

Thres 0.9762 10.9761 [0.9699 [0.9588 [0.9485 |0.9640 |0.9435 [0.9727 [0.9741

Savitzky- 0.9628

Golay

Table 4 Correlation of the filtered relative to
the reference through several windows using 6
levels of decomposition signal.
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