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Abstract
In this paper, we present a comprehensive rr@logicaw filter considering

symmetry maintained, based on composited morpholggical®*hybrid filters and the
generalized morphological hybrid filters. The ¥iltér impt’m@ltering performance from
two aspects: morphological operate mo @ optimization®of structure elements. It can
eliminate the gray values deviation of ages @ve the double advantage of the
two-path dual filters. Simulation r %‘: how G%-. new hybrid filter can effectively
remove the noise in the image{w aintaining the image details. Compared with the
other morphological hybrid4ilteks, the im ered by the new filter may have a higher

peak signal-to-noise rati&@N and \Q@ r mean square error (MSE).

Keywords: mathexha morpRology; generalized morphological filters; hybrid

filters; symmetry w 'ned;Q@' noise; PSNR
1. Introd@? @

Mathematical mo y is a new theoretical discipline which based on integral
geometry and ran 0@( theory, it uses a set of transformation,operation,conception and
algorithm to des€ribe the basic features or the basic structure of images, and it is an
effective tool oNthe nonlinear morphological analysis and description[1,2].Mathematical
morphologylds widely used in all aspects of the image processing, including image
[3,4],edge detection[5,6,7,8],feature extraction[9,10] and breakpoints
, and so on.
ological filter is a nonlinear filter based on mathematical morphology, its basic
is using structural elements to probe the image, preserving structures that
consistented with structural elements and removing that not consistented with(such as
noise,glitch,and so on),maintaining more 1image details while filtering out
noise[11,12].The basic morphological filter includes morphological opening filter,
morphological closing filter, morphological opening-closing filter, morphological closing-
opening filter[1,13,14],these filters apply the same structural elements, maintaining a part
of details and at the same time possibly filtering out a part of useful details. So there
comes generalized morphological opening filter, generalized morphological closing filter,
generalized morphological opening-closing filter, generalized morphological closing-
opening filter[11,15,16],but these morphological filters will result in grey values deviation
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of the images after being filtered whether started with opening filter or closing filter. So
the morphological hybrid filter and the generalized morphological hybrid filter that
combine opening operation and closing operation in cascade come into
being[8,16,17],and these hybrid filters have better filtering effect.

Aiming at grey values deviation of the images after being filtered by traditional
morphological filters, Lei [17] analyzed five kinds of morphological hybrid filters, it turns
out that the basic morphological opening and closing hybrid filter and the generalized
morphological opening and closing hybrid filter have an advantage over other hybrid
filters in terms of the capability of suppressing noise, symmetry and time consuming. It
also points out that the advantage of hybrid filters lies in it does not depend on filters
whether started with opening filter or closing filter, and it has the dual advantages of the
two-path dual filter, therefore, this paper combines morphological hybrid filters and
generalized morphological filters to propose a kind of comprehensive morphologlcal
hybrid filter considering maintaining symmetry. The result of simulation expésiment®
shows that the new hybrid filter can not only remove the noise in the image e i
but also preserve the image details. Compared with the other morphologlca yh

the images filtered by the new filter may have a higher peak |gnal -to-nqjseé PSNR)
and a smaller mean square error (MSE). & %

2. Morphological Filter OQ

2.1. Basic Morphological Filter

We define f(x,y) and k(x,y) as two dls nctlons Y&oased on two-dimensional
discrete space, f(xy) is the grey valu d image at point (x,y) ,k(xy)is
the grey value function of structural ts at @x y), D, and b, are the domains of

f(xy) and k(xy) respectively. |n|t|o y expansion and grey erosion are:
f @k(x,y) {f(x=s,y-t)+k @

f@k(x,y):ir:;j;x:i{f(x—s,y—t@,t)} ® @)

So the definiti% rphologj% opening filter and morphological closing filter are

[13, 14]: Q

fok=(f1! k) Q ®)
fek =(f ®k @ (4)
Because morphol pening filters can suppress positive pulse noise(that is peak
noise) in signal, so%&n eliminate peak area that smaller than the selected structural
elements and he, same time it can not only keep the overall image grey values
unchanged bu 0 do not substantially affect the big peak area. But because
morpholo%].closing filters can suppress negative pulse noise(that is bottom noise) in
signal, an eliminate bottom area that smaller than the selected structural elements
whil not only keep the overall image grey values unchanged but also do not
ally affect the big bottom area. Making use of the complementary nature of
ng operation and closing operation on suppressing noise to combine opening
operation and closing operation in cascade, the morphological opening-closing filter and
morphological closing-opening filter can suppress positive pulse noise and negative pulse
noise in signal simultaneously. The common morphological filters that based on
combining opening operation and closing operation in cascade are (in order to represent

conveniently, we use O as opening operation and C as closing operation):
OC= f ok ek ®)
CO=fokok (6)
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2.2. Generalized Morphological Filter

Since the basic morphological filters all use the same structural elements, these filters
can only maintain one kind of geometric information but filter out others, it is of no
benefit to maintain image details. Aiming at the basic morphological filters, many
scholars come up with generalized morphological opening filters, generalized
morphological closing filters, generalized morphological opening-closing filters and
generalized morphological closing-opening filters [11, 15, and 16].These filters are made
of different sizes of structural elements and they can preserve the image details in the
process of filtering out noise. Here are definitions of the four kinds of generalized
morphological filters (we use G as generalized):

0=(f! k)@k, @)
GC=(f®k)! k, (8)
GOC= f ok, ok,

GCO= f ok, ok, \d
k. k, are two different structural elements and k ck, . 0;
2.3. Morphological Hybrid Filter * @

As we can see from the definitions of openm osm opening-closing
filters and closing-opening filters, opening- cI03| g fillers or openmg filters are

started with erosion or expansion to filter images eSSential ugh the properties of
erosion and expansion we can know that the n%o grey v. %wnl be down (darker than
the original image) or up (brighter than the inal image fferent degrees after being
filtered by opening-closing filters or c -open %rs In order to make the image
grey values unchanged while filter: fllter e well, some scholar proposed
morphological hybrid fllters @ne morp |cal opening-closing filters and
morphological closing-ope S or.c ine generalized morphological opening-

closing filters and generallze rpho smg opening filters to averaging, so that
ers and generalized morphological hybrid

we can get basic morp ical hybgi
filters. The definition two morphological hybrid filters are (we use H as
hybrid): \ &
=(oC+ \

HOCCO— (11)
HGOCGCO =3 +GCO) @ (12)
We can know fr that these two kinds of morphological hybrid filters are good

shorter time.

at suppressing >compensating grey values deviation of images and consuming
r

propose a better kind of morphological hybrid filter through expanding
ned two kinds of hybrid filters, that is comprehensive morphological hybrid
ering maintaining symmetry(Comprehensive Morphological Hybrid Filter, we
to describe it).

3. Comprehensive Morphological Hybrid Filter Considering
Maintaining Symmetry

The purpose of maintaining symmetry is to make new morphological filters maintain
morphological hybrid filters' existed advantages, that is this filter does not depend on
whether started with opening filter or closing filter, and it has the dual advantages of the
two-path dual filter, it can also make the image grey values unchanged while filter out
noise well.
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Definition 1 Based on basic morphological opening-closing filters, closing-opening
filters and generalized morphological opening-closing filters, closing-opening filters,
through maintaining symmetry comprehensively, we can get comprehensive
morphological hybrid filter considering maintaining symmetry:

CMH =@, OC + @,/ CO + @, GOC + @, GCO
= f ok ok )+, ( f ek ok )+ay[(f ok, ek;)+w,[( f ok, ok;)
k.k,.k, are three structural elements, they meet k =k, or k =k, but k, =k, and k, ck, ,the

(13)

weight satisfies ia)i=1 , o=0, ANd o=, .

The filter's founded conditions are to maintain two-path dual filters' symmetry from
above definitions, which is the importance of morphological hybrid filter operator.

Theorem 1 The morphological hybrid filters not only reserved double filtering ability
of dual morphological filters but also eliminated images' deviation after being flltered
[17].

The proof of comprehensive morphological hybrid filter considering m iMing
symmetry also satisfy this property is as follows.

Proof Define f as images being polluted by Gau55|an nojse and d%@ original

images, supposing that filters can filter out noise complet
OC(f.k)=g(x-s,y-t) ,
CO(f.,k)=g(x+s,,y+t,) , O V
GOC(f,kyky)=g(x—s,—5,,y-t,—t,) , \
GCO( f Ky ks ) =g (X+Sg+55, Y+t +15) Q S 6
Among them, s ~s,.t, ~t,,s, ~s,,t, ~t,,5, & @ \
CMH =@ [0C+ o, C0+w3_GOC+w4_GCO \ ‘\
=0 (f ok ok)+ o, (f ok, k)+w@ +a)4:(% )
=g (x-s,y-t)+w,g(x+ ty—t,)+ @, (g (X+5,+5S5, Y+t +15)
:g[wlr(x—sl,y—tl)]+g[& y+t,) ]+

g[@x-5,-s,,y-t, +g[a)4[(x \t5+t6)]
=g[(m+m,) D(+ Q (o, +, , 1, - o) |+
gl: w; + @, x’ ;s %% 4) (@ + @0, )y + (0, — oy 8) + (0T, _‘0334)]

X+ (@, 5, ) (0,055 — 0,75, ) + (@, 5, a)s_SA),:|
+ 3 +w4 Fy@t —oh)+(o - o)+ (0,1 - o,1,)
=g [x S,—s,) )+ o(s,-5,), Y+ ot —t) + ot —t,) + o, (t; -t,) |

~g(xy)
Thus, comp morphological hybrid filter considering maintaining symmetry
also has the ab@double filtering and eliminate the grey values deviation of images.
Becau%).rp ological opening-closing filters, closing-opening filters and generalized
opening-closing filters, closing-opening filters all satisfy translation
incremental property and duality[11,16],it is not difficult to prove that
ensive morphological hybrid filter considering maintaining symmetry also satisfy
properties, that is:

(1) Translation invariance
CMH[ f (x—s,y—t)+m]=CMH[ f (x-s,y—t)]+m 14)
Among them, stez?,meR , z,R is the integer set, the real number set respectively.
(2) Incremental property
If £(xy)<f,(xy) ,

CMH[ f,(x,y) |<SCMH[ f,(x,y)] (15)
(3) Duality
[CMH(f (x,y))] <CMH[ 1(x.y)] (16)
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We use symbol to represent complement or remainder operation.

Those three properties take advantage of the definition of comprehensive
morphological hybrid filters considering maintaining symmetry and the properties of
expansion, erosion, opening operation and closing operation. It’s easy to prove it, so we
ellipsis it.

The filtering process of this filter is as shown as Figure 1.

G,
K ko
—L 0,

+
-0
NS oy
Figure 1. The Filtering Process of CMH QE

4. Simulation Experiment and Result Anal % \/@

Using "Lena" 512*512 pixels image to prove ‘ectlve |Iter|ng algorithm.
Using comprehensive morphological hybrid filters n5|der|ng Intaining symmetry to
deal with images added with Salt &@per i It & Pepper),Gaussian
noise(Gaussian) and mixture of thato ds in rent intensity, and using
morphological  opening-closing, c pem jltering method, generalized

morphological opening-closing, clo§ enin g method, morphological hybrid

and generalized morphological Itering me to deal with the same noise image.
Finally we will compare thefilt resuks ese seven kinds of filtering method. The

basic morphological fllterlng tho and HOCCO) make use of structural
elements with a e % generalized morphological filtering
method(GOC,GCO, Oan make use of structural elements with a square
of 3x3 and a squa ;the filters\weight of CMH iS o, = »,=0.2 and o, =,=0.3 .

We use ima@lSE, PS runtime as measurable indicators to evaluate and

analysis fi
MSEs are'

MSE = — Z():ZL;‘[A (xy % : 17)

esults. ®oosing that there are images A(x,y) and B(xy) , SO their

255

PSNR =101 -2 (18)
Figure e result analyzed by every kind of morphological filter of Salt & Pepper
noise i at its noise density is 0.03.As we can see, every kind of filter can filter out

S in this noise density, but the filter proposed by the paper has the best ability of
% ning image details and eliminating grey values deviation of images among these
kinds of hybrid filters. Figure 3 is the result of MSE, PSNR and runtime of Salt &
Pepper noise images in different intensity analyzed by every kind of morphological filter.
We can see from the PSNR resulting figure that the PSNR of CMH, OC and CO is almost
same when noise intensity is less than 0.03.But the ability of filtering of OC and CO
weakened with the increase of noise intensity, the PSNR of CMH higher than GOC, GCO
about 2dB in this process, it shows that CMH' ability of filtering out noise is better than
the latter two. The PSNRs of those five kinds of filters all higher than other two kinds of
hybrid filters: HOCCO and HGOCGCO, it shows that the ability of filtering out Salt &
Pepper noise of these two kinds of hybrid filters is weaker than the former five. This
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conclusion can be proved from MSE resulting figure. The runtime of this two kinds of
hybrid filters is shorter than other filters, but the runtime of CMH is only 0.5ms.

(1)Salt & Pepper Noise (2)oC (3)co (4)GoC

ST . SRS

(5)GCO (6)HOCCO

N/
OCGC\V (8)CMH
Figure 2. The Result of Salt & Pe Qoise f@s Analyzed by every
6@5 I
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Figure 3. @esults of MSE, PSNR and Runtime of Salt & Pepper Noise
Imagesq' lDiff rent Intensity analyzed by Every Kind of Morphological Filter

=}

A an see from Figure 2 and Figure 3,for Salt & Pepper noise images, the
gle ‘@ ogical hybrid filter's ability of filtering may not better than the morphological
» ybrid filter's.
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Figure 4. The Result of Gaussian Nois
of Morphologi

Figure 4 is the result analyzed by ever f morphc@al filter of Gaussian noise
image that its mean is O,variance is 0 the figure that CMH is better

than any other filters not only i |ty o but also in maintaining image
details. Figure 5 is the result néd by ever d of morphological filter of MSE,
PSNR and runtime. We can ieg& he M d PSNR resulting figure that these three
kinds of morphological hybrl Iters',a flltermg are better than morphological

non-hybrid filters' when |ntenS| re than 0.03, and the runtime of these three

kinds of morpholo i rid fil r ess from the runtime resulting figure. Thus,
morphological h g ers ha etter ability of filtering out Gaussian noise than
morphologlcal n rid fiIt eral
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Figure 5. The Results of MSE, PSNR and Runtime of Gaussian Noise
Images in Different Intensity analyzed by Every Kind of Morphological Filter

Figure 6 is the result analyzed by every kind of morphological filter of Salt & Pepper
noise image that its noise density is 0.03,Gaussian noise image that its mean is 0,variance
is 0.01.As we can see from the figure, CMH has better abilities of dealing with hybrid
noise and maintaining image details than other filters. Figure 7 is the result analyzed by
every kind of morphological filter of MSE, PSNR and runtime. It can be seen from these
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three figures, the result of hybrid noise image analyzed by every kind of filter is similar to
the result of Gaussian noise image, which is not affected by the weak ability of filtering
out Salt & Pepper noise and the strong ability of filtering out Gaussian noise. It shows that
the morphological hybrid filters have better ability of filtering out complicated noise than
the morphological non-hybrid filters.
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Figu’g\brhe Results of MSE, PSNR and Runtime of Hybrid Noise Images

t Intensity Analyzed by every Kind of Morphological Filter

@ure 8 is the result analyzed by every kind of morphological filter of three kinds of
noiSe image's grey values deviation, and the left image is Gaussian noise, the middle
image is Salt & Pepper noise, the right image is hybrid noise. We select one of the
columns of image signals, 50 consecutive pixels grey value at some point. We define
Original as original image with no noise, and define Noise as image with noise. We can
see from these three images that the hybrid filter considering maintaining symmetry have
better ability of compensating grey values deviation of images after being filtered. And
the filtered signal of CMH filter is similar to that of original image, it shows that this filter
has better ability of compensating grey values deviation of images than other two kinds of
hybrid filters.
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Figure 8. The Results of Grey Values Deviation of Noise Images in
Different Intensity Analyzed by Every Kind of Morphological Fllte\/
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Figure 9. The Result of Grey Vall®Difference by CMH Filter Considering
intaining, Symmetry and Not

Figure 9 is the \%nages being filtered and original grey value images
when i nsidering maintaining symmetry and not considering

filtered by
maintainin@ etry. T ft image is Gaussian noise, the middle image is Salt &
Pepper noi d the r% age is hybrid noise. We select one of the columns of image
signals, 50 consecu els grey value at some point. We can see that hybrid filter's
ability of maintai mmetry has direct influence on the ability of compensating grey
values deviati ages.

We can ¢know that the morphological hybrid filters are good in filtering out
compli ise, but CMH has better abilities of filtering out Salt & Pepper noise,
Gaussj a@use and mixed noise than other six kinds of existing morphological filters. It

at CMH is effective.
b nclusions

The paper analyzes basic morphological opening-closing, closing-opening filters,
generalized morphological opening-closing, closing-opening filters and morphological
hybrid filters. Based on this, we propose comprehensive morphological hybrid filters
considering maintaining symmetry. Through simulation experiment and comparing
filtering results with other morphological filters, we prove that CMH has better abilities of
filtering and maintaining image details than other morphological filters, and runtime is
shorter. And we can learn from the experiment that the filter considering maintaining
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symmetry the paper proposed have better ability of compensating grey values deviation of
images than those filters not considering maintaining symmetry.
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