International Journal of Electrical and Computer Engineering (IJECE)
Vol.2, No.2, April 2012, pp. 223~230

ISSN: 2088-8708

a 223

Automatic Segmentation of Glottal Space from Video I mages
Based on Mathematical Morphology and the Hough Transform

Davod Aghlmandi'? Karim Faez?

1‘ZDepartment of ElectronicsAmirkabir University (Tehran Polytechnic), Iran
1Department of Computer and Electronics / QazvimigaAzad University, Iran

e-mail: D_aghlmandi@giau.ac.ir, Kfaez@aut.ac.ir

ArticleInfo

ABSTRACT

Article history:

Received Dec 1% 2011
Revised Mar 18, 2012
Accepted Mar 28, 2012

Keyword:

Glottal area
Mathematical morphology
Video stroboscopy

Vocal disorders directly arise from the physicahh of the vocal cords.
Videostroboscopic imaging provides doctors withuadlle information about
the physical shape of the vocal cords and aboutvtnethese cords move.
Segmentation of the glottal space is necessaryréeroto characterize
morphological disorders of vocal folds. One of thain problems with the
methods presented is their low level of accuraaysdlve this problem, an
automatic method based on Mathematical Morpholadgeedetection and
the Hough transformation is presented in this lartto extract the glottal
space from the videostroboscopic images preseiteid. method and two
other popular algorithms, histogram and active @ontare performed on 10
sets of videostroboscopy data from excised larypegments to compare
their performances in analyzing videostroboscopgges. The accuracy in

Vocal folds computing glottal area of these methods are inyatetd. The results show

that our proposed method provides the most accarateefficient detection,
and is applicable when processing low-resolutioages. In this paper we
used edge detection based on geometric morphatodgtecting the edges of
vocal cords. Then in the next step the edges that wxtracted, using Hough
transform change to some lines. After that througing proposed algorithm,
we omit the extra lines and extract the glottis.
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1. INTRODUCTION

It is necessary to study structure and functiothefvocal folds in order to determinate normality o
the voice. The scientific community uses two methdugh speed digital imaging [1]-[2] and low speed
imaging with a stroboscopy [3] to evaluate and figrthe movements of the vocal folds. A sample of
stroboscopic images taken of the vocal folds asthges of opening and closing is shown in Figlre

In examining the larynx using the videostroboscaopgthod, an endoscope is used which is
connected to a camera and to a light source. Tteseope enters the mouth and is placed at theneetiaf
the larynx to start filming the structure and thpeiation of the larynx, and especially of the vamaids. At
present, evaluating the larynx in the videostrobpgcmethod is one of the most practical and motnof
used methods of examining the larynx because ihbagerous advantages.

From the image processing point of view, the follogvbasic problems are usually associated with
the images taken: sudden changes in the lightitengity, and movement of the patient at the monoént
taking the image, which blurs the image.
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ventral

Figure 1.Videostroboscopic Images of the Vocal Folds at@pening and Closing Stages of the Vocal F

Therefore, given the problems cited above, segrientaf images without initialization is
difficult task. In previous works in this area, segmentation atbors based on region growing
thresholding [4]f6] have been mostly used. The remaining approacteducted on segmentation have b
mostly based on edge detection algorithms andectivmtours models [ [8]. Marendic et a[9] proposed
active contours with shape priors. However, thighoe s very time consuming and may not yield g
results. Several automatic segmentation methodbeoflottal space have also been previously pred
which are based on region growing and active castThe histogram algorithm is widely used for con-
based image processing [9[L0]. A histogram is the graphical version of a table chhshows wha
proportion of image intensity falls into each oferl or many specified grayscale values. As thealvtold
image contains both hightensity (surroundig tissue) and lovintensity (glottal gap) areas, then the vali
between the two can be treated as the threshodd. [Ekie threshold is determined by finding thetficzal
minimum in the histogram, similarly to the methoskd by Wittenberg et al.[1(Based on the thresha
derived from the histogram algorithm, we may sefgatf@e glottal gap from the surrounding tiss

Due to its simplicity, the histogram algorithm Hagh efficiency in batch processing large amot
of image dataThe histogram mhod, assuming that there is a fundamental differdmatween the lighting «
pixels of the object and that of the pixels of treckground, will give a good result. When the glbts
closing, or is completely closed, this algorithmllwiot be able to cfine a suitable threshold for tl
segmentation [14].

The active contour (snake) model introduced by Kasz [15], is an automatic method for ima
segmentation. The contour, or snake, is defineal @gve V(s=(x(s),y(s)), s€ [0,1] that moves through tt
spatial domain of an image I(x,y) to minimize thermy function, [S-[10], E=[ 1/2 (alvs|2 + Blvss|2) +
Eext(v(s)), where vs and vss represent the first and secendatives of v with respect to s. Then
snake satisfethe following Euler quatio avss-bvssss¥WEext=0, wherea andf are the weights to contr
the snake’s tension and rigidity, respectively.ssesdenotes the fourth derivativev with respect to s. We
apply Eext from the image gray level f(x,y) thatlwake on smaller values at the boundaries. Thal
position of the contour will have a minimum valueemergy E, so finding the object boundary becoae
energy minimization mblem. After initializing a curve close to the otfjigor glottal gap) boundary, tl
snake, which is seen as an energy minimizing spéiterts deforming to fit the local minima so agriove
toward the desired object boundary and finallylsetbn the bject boundary. [9]10], [15]-[18].

Given the long time it needs to process the imatfes,active contours method also will not
suitable for cases where there is a large voluminafes. Therefore, it is necessary to implemenéew
method to overcome the abcmentioned restrictions in segmenting video imagésthe larynx.
Consequently, an automatic algorithm based on détgction and the Hough transformation for extrex
the glottal area from the video images is presentais nethod consists of three stages of: preprocessi
the image, edge detection, and the Hough transfam. This paper is divided in the following princig
sections: section 2 describes the proposed alguoriiection 3 shows the obtained Results, aiction 4
presents the the authors Conclusi

2. THE PROPOSED METHOD

Block diagram of the proposed method is presemtiFigure 2.The preprocessing stage was use
reduce noise and details of the image. In the skaxje, Edge Detection Based on Matftical Morphology
was used to extract edges of the image. Then, thgtransformation was used to find lines of thagde.
The lines of the glottal area were found and expdnisly employing an innovative algorithm. Finallige
lines of the glottal areaere extracted by using these lines. The detadlpegsented in later sectic
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Figure 3. (a) and (b) are the original imagesa¢a) (d)

show (a) and (b), respectivelyreprocessed by relatic

1.In image (a) the effect of the flawas marked by
circle.

Figure 2.Block diagram of the proposed mett

2.1. Image Preprocessing

The images taken have poor quality due to the tilash at the time of taking the images and i
because of the limitations of the equipment. Traefto increase the accuracy of the segmentatisiore
doing this, an initial preprocessing was ced out on the image. The effect of the flash waskethby &
circle in Figure 3a. The presence of these points will reduce tloerracy of the segmentation algorith
which is based on edges. Therefore,-linear mapping method was used to solve thiblem.

255 forI(x,y) > Li
I°“’(X'y)"{255 x (42 forI(x,y) < Li (@)
Li:ﬁ =1 [(xiy)

Where I(x, y) denotes an stroboscopic image, Lhésrmean of lighting levels in each row of -

image, n is the number of columns in the imagey is an image coefficient considered toy=1.8 in our
implementation. As can be seenFigure 3c and @ a large volume of unwanted information was oz
through the mapping relation 1.

2.2. Finding edges of the glottal
By omitting the noise lines, we use the edge dietectigorithm with double thresholding to extr:
the edges of the glottal area J11

2.2.1. Edge Detection

Edge detection is one of the most fundamental stagemage segmentation. In edge detec
based on differentiation, the differentiation prexeis directly used to detect edges. The first
differentiation operators, suas the Robert and Sobel operators, increase thatext which the lighting il
the images changes, and then, with the help ofreshiold, they extract the edge points. Second ¢
differentiation operators, such as the Laplaciaerafor, use their ality to pass through zeros to determ
the edge points. The Prewitt and Canny edge detedgorithms also use the differentiation procesd
certain algorithms as well, to detect the edgethefimages; however, these edge detectors arebiotc
extract the edges in the dark parts of the imageinmrebd images, or in images which have nt Therefore,
we use edge detection based on mathematical maxgphot order to have strong edc¢

2.2.1. Base Morphological Operators
Mathematical morphologys a mathematical theory which can be used to psoaes analy:
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images. According to this theory, images behave $i&ts, so that morphological transforms can bd te
extract features of the images. A structural elansensed in all morphologiciprocessing. This element h
an important role in morphological processing; éfiere its appropriate selection is often the mogtdrtant
part of a processing operation. The structural elgmusually moves across the image like a mask
controls the rmarphological processin

Dilation and erosion are two of the base morphalalgbperators and other morphological opere
are often formed from a combination of these twesuming that | represents the two dimensiona}-
scale image and B is a sttural element , then the dilation of a ¢- scale image I( x,y) with the structul
element B(s,t) is determined as follov

(I @ B) (xy)=max {l(x-s,}j + B(s,1)} ()

The domain of kP B is the dilation of the domain of | by tidomain of B.
The erosion of a grageale image I(x,y) with the structural element B(s, specified as follow

(I © B) (x,y)=min {l(x+s,y+t)- b(s,t)}. 3)
The domain of P B is the erosion of the domain of | by the dom&iB«
The opening of a grayeale image I(x,y) with the structural element 8(s, specified as follow

| 0 B=(16B) &B. 4)

The opening operation usually smoothes the curfetheo image, breaks narroconnections, and omi
narrow protrusions .
The closing process of a gray surface image I{ijth) the structural element B(s,t) is specifiedakws:

l*B=(I (BB)OB. )

For ( i=1 to nunber of Ilines)
F(x,y)=Md(line;)

Ravezl/n Z?:sz(x'y +])
Lavezl/n‘Z?:fF(x’y b))
Dif,=Intensity(F(x,Y))-Raue

Dif =Intensity(F(x,Y))-Lave

If ( (Dif, >T) and (Dif, <= 0) or
(bif, >T) and (Dif, <= 0) ) Then
Add line; to newines{}

El se
Renove | i ng;
End of for
c
Figure 4. (a) and (b) the original image, (c) adh) Figure 5. The pseudacede for extracting the line
extracted edg of the vocal folds

The closing operator also smoothes parts of theosnding area, buicontrary to the openin
operator, it usually merges narrow breaks, omitalsholes, and fills the gaps surrounding the objkcthis
article, we have used the following method to dettee edges of glottal [1:

M=(1*B) 0 B (6)
Eadg=(M+B) &B-(M+B) (7)
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Although the edge detection algorithm gives acdaptaesults in extracting the glottal area, tt
will be no guarantee that the extraction of thetglarea is correct since the quality of video gem is low.
For example, Figure (48, it can be se¢that the extra lines are not produced by the edfdw glottal are:
.There is also this possibility that a part of #dge of the glottal will not be detected. Therefonelater
stages we will be using the Hough transformatioaxtracting the lins of the glottal in order to increase
accuracy and correctness of the process of exirathie glottal are

2.3 Finding theinitial lines

Hough proposed a method for identifying lines [2]1962 in which the line yi=axi+b is plotted 1
all the wints in the space of the parameter (a,b) and #ak points (i.e., points in the parameter sf
through which many lines pass) are determined. B&these points is an equivalent of the paramette
line. To solve the problem of vertical lines, consider the equation for the line as: xécesy.sirb=p and we
search for peak points in the space of the parametand®. In this method, the equation for each lint
defined by théd andp specified for that line so thatstands for the distanceom the origin of coordinates
that line and is the angle between the line from the origin @brclinates which is perpendicular to the |
under consideration and the positive directionh®f k axis. At this stage, the edges extracted ftoe
previaus stage are transformed to a series of lines girthe use of the Hough transformat

Table 1: Data (video images) analyzed by doctossthar
type of the laryngeal ma:
polyp nodule Paresi Healthy Total

Female 14 11 9 19 53
Male 4 7 11 40

extracted from the image (a) , (c) 1
production of lines related to the edges, Nt
image (d) , detection of the lines relatec

boundarie®f glottal by the pseudo cot
offered and the image (e) , the productiol
lines not produced due to whatever rea

-
R A
F o

! ' -' | f HI\
R W e Wl §
\-.r_h- - | "'.\.1. Eek I
Figure 8. Recognition of the glottal area from strobosct
video images by using three different methods:d
sequence of stroboscopic video images, (B) thednam
method, (C) the active contours method, and (D)
automatic method .Incorrect recognitiby the algorithm
was marked by arrows and circ

Figure 6. (a) the main image , (b) the ed | l
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2.3.1. Extraction of the contours of the glottal area

In this stage, the purpose is to extract lines tvisieparate the area of the glottal from the vamekf
(the edges of the vocal folds). To do this, we uaednnovative method presented in this articlethiis
method, the feature of the image itself, whichhis difference in the level of lighting in the ghkitarea and
that of the vocal folds, was used to find the lingated to the glottal. In the images of the larythe level of
lighting of the glottal area is much lower thanttb&the vocal folds. Therefore, assuming thatpghepose
was to find the lines of the edge of the vocal foidthe right, we will withess a sharp declinetia tevels of
lighting when we move from the center of the limegler consideration in the direction of the horizbmixis.
This feature can be used to find the lines of rayid left vocal

In Figure 5, F(x,y) is the center of the ith line the coordinate axes, Lave and Rave define the
means of the levels of the lighting of the threeefs to the right and left of F(x,y), Difr and Ditéspectively.
Results obtained from this pseudo-code are showdgure 6-b.

This method increases the accuracy and correctidhg extraction of the glottal area by omitting
the unnecessary lines. In Figure 6-a, the main @miagshown along with the unnecessary lines, whieh
omitted by the innovative algorithm mentioned ab@vgure 6-b). Finally, in order to have connedlieds,
they were merged by considering the distance betwleem and by searching for lines which were least
different from each other (Figure 6-c). It must fpentioned that the empty spaces between lines were
connected to each other with suitable estimations.

3. EXPERIMENTAL RESULTS

Our proposed algorithm has been selected and testekb40 images taken from 93 video films.
These video images were taken with a strobosca@iteca having a resolution of 640 x 480 pixels fache
image at the Amir-Aalam Hospital in Tehran. Detaifshe gathered data set are presented in Table

To show the efficiency of the proposed algorithmeitracting the glottal area, it was compared
with the two popular methods of histogram and &ctiontours. Figure 8-a shows four consecutive dsaaf
the videostroboscopic images at the time when tealvfolds are close or open. Figure 8-b, 8-c &ul
show the results obtained by using the histograrthodk the active contours method, and our proposed
method respectively. The space extracted by therghm was marked white. As it can be seen in FEg8-
b, the histogram method, with the assumption thertet is a basic difference between the levelggbtihg of
the pixels of the object and that of the pixelgref background, will yield a suitable result. Hoegvat the
time the glottal is near to being closed, or ic@npletely closed, this algorithm cannot defineudakle
threshold for the segmentation process. The activgours method has been designed for recognihiag t
contours of one and only one object (glottal) while vocal folds may contain no objects (closirapstof
the glottal) but contain several objects if theme @odules on the vocal folds (Figure 9).

Cann

Prewitt

M or phology
Figure.9. Results of detecting edges by using tee Robert, Prewitt, Canny, Laplacian , and the
morphological methods.
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Furthermore, active contours are very sensitiviait@al areas and to parameters, and if these petensare
not correct, this method will be faced with diffitas. In comparing these two methods, extractirgglottal
area with our proposed method enjoys very highaoyuand correctness.

Automatic methods of recognizing the glottal arga using video images should enjoy high
computational accuracy. In this article, we haveduthe following error function to assess the aacyrof
the algorithm for extracting the glottal area [13]:

A= \/1/T [ la®) —as@®)]? dt / \/1/T [} as(t)? dt ®)

Where T is the number of frames; as (t), the ekdhespace computed by using the manual
methods; and a (t), the extracted space computagsing histogram algorithms and our proposed method
This experiment was conducted on 10 films taket®flifferent cases, with 20 frames taken at randbm
each larynx when it was closing and when it wasome The mean errors for the 10 cases in the dpiato,
active contours, and our proposed method were 3512%%, and 6.7%, respectively.

Given the above results, the histogram method headntost errors. This method is useful when
there is a basic difference between the lightinghefglottal area and other spaces. This differelas not
exist when the glottal is closing, and this faatatuses an increase in errors. Active contours iéthgos have
been designed to recognize contours of a singlecblfglottal) in an image. In the closing and opgni
phrase of the glottal, when there are no objectsefwthe glottal is closed) and states when thelebei
several objects (for example when there are nodutethe vocal folds), This state and sensitivitythie
initial area will increase the number of errors.rQuoposed method, compared to the histogram aad th
active contours methods will yield much more sugaesults as it does not need parameter adjussnment
does it require high quality images.

e
=

k|
>
3|
g
SN
=}

Figure.10. An example of a polyp in a larynx. Figure. 11. Vocal folds with nodules.

4. CONCLUSION

In this article, we have offered an automatic mdtfar extracting the glottal area. In this method,
the edges are produced by the morphological opsratal are turned into a number of lines with tbp lof
the hough transform and then, from among thesss,litlgose related to the glottal area are found and
extracted by an innovative algorithm presentecdhis article. Our method, which is proposed in triticle,
is compared with the histogram and active contowgthods regarding accuracy of extracting the dlatiza.
The results obtained in our method are much b#tter those of other methods. In particular, thishoe is
capable of extracting vocal fold vibrations at lamage resolutions. The proposed automatic image-
processing algorithm may provide a valuable toolsanalyzing thousand of videostroboscopy imagek an
offer a valuable biomedical application for thenadal diagnosis of laryngeal pathologies.
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