
  
Abstract—Echocardiography imaging is one of the most 

common diagnostic tests that are widely used for assessing the 

abnormalities of the regional heart ventricle function. The main goal 

of the image enhancement task in 2D-echocardiography (2DE) is to 

solve two major anatomical structure problems; speckle noise and 

low quality. Therefore, speckle noise reduction is one of the 

important steps that used as a pre-processing to reduce the distortion 

effects in 2DE image segmentation. In this paper, we present the 

common filters that based on some form of low-pass spatial 

smoothing filters such as Mean, Gaussian, and Median. The 

Laplacian filter was used as a high-pass sharpening filter. A 

comparative analysis was presented to test the effectiveness of these 

filters after being applied to original 2DE images of 4-chamber and 

2-chamber views. Three statistical quantity measures:  root mean 

square error (RMSE), peak signal-to-ratio (PSNR) and signal-to-

noise ratio (SNR) are used to evaluate the filter performance 

quantitatively on the output enhanced image.   

 

Keywords—Gaussian operator, median filter, speckle texture, 

peak signal-to-ratio 

I. INTRODUCTION 

PECKLE noise reduction in 2D-echocardiographic image is 

used to enhance the visual quality by  removing the noise 

from image with keeping the important features like 

myocardial wall tissue. In general, speckle texture could be a 

form of multiplicative noise that depends on the structure of 

the imaged tissue and various parameters concerning 

echocardiography imaging characteristics. Therefore, recently 

the image segmentation process is one of important 

challenging issue for most researchers in the field of 

diagnostic the heart abnormality through complete cardiac 

cycle. In the literature, there are a number of investigative 

research projects into the field of medical image analysis that 

present several methods for reducing the speckle-noise from 

an image based on a noise model.  

Most of noise modeling is affected by the acquisition 

instrument, data transmission media, image quantization and 

discrete source of radiation [1]-[3]. An appropriate method for 

speckle noise reduction is one which enhances the signal-to-

noise ratio while conserving the edges of an object in the 

image [4].  
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There are many filters that are used as an initial action 

before post-processing (i.e. image segmentation) by taking 

neighboring pixels into consideration which extremely ‘noisy’ 

pixels that could be filtered out. Spatial filtering is the most 

common technique for speckle noise reduction. The averaging 

technique is the most popular linear filtering method among 

the various spatial filters which successfully removes noise 

from a distorted image but it has the effect of potentially 

blurring the image [5]-[8]. Gaussian Low-pass filtering is 

another common technique which has been much used in 

previous researches to remove speckle noise from Ultrasound 

images [9], [10]. It is considered as a smoothing operator to 

perform a weighted average of surrounding pixels based on a 

Gaussian distribution.  

The median filter is one of the most popular nonlinear 

spatial filters for removing noise because of its good de-

noising effect [11] and it is widely used in Ultrasound and 

echocardiography imaging [12]-[14]. Although it has good 

performance, the main drawback is that noisy pixels are 

replaced by a median value in their vicinity without taking 

into account the local features such as the presence of edges.      

II. SPATIAL FILTERING FOR NOISE REDUCTION 

A. Linear Mean Filter 

The mean filter is a linear technique which is often used to 

performs spatial filtering and is applied as a smoother to 

average the speckles in each individual pixel in an image 

using grey-level values in a square window size (i.e. 3x3 , 5x5 

or 7x7) surrounding each pixel. Practically, all pixels are 

filtered by replacing each pixel intensity value in the image 

with the mean (‘average’) value of its neighbours, including 

itself. However, this filter has the effect of potentially blurring 

the speckled image. It could be an optimal choice for additive 

Gaussian noise. 

B. Low-pass Gaussian Filter 

    A low-pass Gaussian filter has been proposed in the 

literature as an attempt to remove the speckle noise in 

Ultrasound images. It is considered as a smoothing operator 

and performs a weighted average of surrounding pixels based 

on the Gaussian distribution. The Gaussian operator generates 

a matrix of values G (x, y) that are applied to groups of pixels 

in the image.  

 

These matrix values can be defined by the following 2D 

Gaussian equation: 

 

,ݔሺܩ  ሻݕ ൌ  ଵଶగఙ²
 e xpሼ െ ௫²ା௬²ଶఙ²

 ሽ                 (1)   
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2)    Peak Signal-to-Noise Ratio (PSNR) is the ratio 

between the maximum possible power of a signal and the 

power of the reduced noise that affects its representation. 

PSNR is defined as follows [15]:   

                                                                                      ܴܲܵܰ ൌ  ଶହହோெௌா                        (6) ₁₀݃݋݈ 20

 

A higher value of PSNR would normally indicate that the 

reconstruction quality is higher.           

3)   Signal-to-Noise Ratio (SNR) is a common statistical 

quantity measure to evaluate the speckle-noise reduction in the 

case of multiplicative noise by computing the ratio between 

the maximum possible power of a signal and the power of the 

reduced noise that affects its representation. The SNR can be 

calculated as follows:

                                                                                ܴܵܰ ൌ ∑ ₁₀݃݋݈ 10 ௙ሺ௜,௝ሻ²∑ሾ௙ሺ௜,௝ሻି ௚ሺ௜,௝ሻሿ²              (7) 

 

Here ݂ሺ݅, ݆ሻ  is the original image and  ݃ሺ݅, ݆ሻ is the 

output filtered image. 

IV. R

This section discusses the experimental results that obtained 

by applying the previously described speckle-noise reduction 

filters on original 2DE images of 4-chamber (4-ch) and            

2-chamber (2-ch) views with a resolution of 605 x 424 pixels. 

Each image belonged to an individual patient from off-line 

medical system (Philips) as shown in Fig. 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The performance measurement was done by comparing the 

filter effectiveness on the output enhanced image qualitatively 

and quantitatively. Fig. 4 shows the spatial filters; Mean, 

Gaussian, and Laplacian were applied to a 3 x 3 window size 

whereas the Median filter was performed using a 5 x 5 

window sizes.  

 

 

 

 

 

 

 

 
Fig. 4 Speckle-noise reduction filters 

A. Qualitative Comparison 

In echocardiography imaging, speckle noise reduction task 

has been proposed for enhancing the direct visualization of the 

cardiac structure and heart wall motion. Therefore, to evaluate 

the filters effectiveness qualitatively by comparing the results 

accuracy for automatic boundary detection after applying the 

proposed method in our previous published paper [5].  Fig. 5 

and Fig. 6 shows the effect comparisons of filters were applied 

on the original 2DE images. filters have the same effect for 

myocardial wall segmentation. Whereas the Laplacian filters 

has better effect on speckled-image to obtain a more accurate 

segmentation results.   
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Image (A): 4-ch view (end-diastolic frame) 

 

 
Image (B): 2-ch view (end-systolic frame) 

Fig. 3 The original 2DE images 

ESULTS AND OMPARATIVE NALYSIS 

World Academy of Science, Engineering and Technology

International Journal of Computer and Information Engineering

 Vol:6, No:9, 2012 

1134International Scholarly and Scientific Research & Innovation 6(9) 2012 ISNI:0000000091950263

O
p
en

 S
ci

en
ce

 I
n
d
ex

, 
C

o
m

p
u
te

r 
an

d
 I

n
fo

rm
at

io
n
 E

n
g
in

ee
ri

n
g
 V

o
l:

6
, 
N

o
:9

, 
2
0
1
2
 p

u
b
li

ca
ti

o
n
s.

w
as

et
.o

rg
/4

0
4
5
/p

d
f



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                     M

                    

 

                    M

                  

 

Mean             

Mean              

 

                      

                      

Fig. 6   The 

    Gaussian  

    Gaussian  

effect comparis

                    

                    

son of speckle-n

               Med

            Media

noise reduction

dian               

an                 

n filters on imag

                  La

                 Lap

ge (B)  

aplacian 

aplacian 

 

 

 

 

 

 

Fig. 5 The effect compariison of speckle--noise reductionn filters on imagge (A)  

World Academy of Science, Engineering and Technology

International Journal of Computer and Information Engineering

 Vol:6, No:9, 2012 

1135International Scholarly and Scientific Research & Innovation 6(9) 2012 ISNI:0000000091950263

O
p
en

 S
ci

en
ce

 I
n
d
ex

, 
C

o
m

p
u
te

r 
an

d
 I

n
fo

rm
at

io
n
 E

n
g
in

ee
ri

n
g
 V

o
l:

6
, 
N

o
:9

, 
2
0
1
2
 p

u
b
li

ca
ti

o
n
s.

w
as

et
.o

rg
/4

0
4
5
/p

d
f



m

Th

m

sp

RM

th

Ta

ba

or

w

 

 

B. Quant

To evaluate 

main statistical

he comparativ

measures indic

peckle noise r

MSE is small

hen the effect 

able I presents

ased on the dif

 

Fig. 7 (a) 

riginal 2DE i

was tested depe

Fig. 7 The co

STATISTICAL C

 

 

 M

RMSE         
 

 13

PSNR 
 

5

SNR 3

 

 

       

  Me

RMSE          13.

 

PSNR           58.

 

SNR             32.

 

titative Compa

the filters e

 measures we

ve analysis ba

cates which fi

reduction. In 

l and the value

of that particu

s a statistical c

fferent values

and (b) show

images respe

ending on the 

omparative anal

T

COMPARISON FOR

                      IM

 

Mean           Gaus

3.49               8.83

8.78              67.2

7.83              46.3

                          IMA

 

ean             Gauss

.52                8.95

.74               66.98

04               40.28

arison 

effectiveness 

ere used: RMS

ased on the ou

ilter has bette

more detailed

es of the PSN

ular filter is b

comparison fo

s of the three m

ws the comp

ectively. The 

statistical mea

(a) 

(b) 
lysis based on s

TABLE I 

R SPECKLE NOISE 

MAGE (A) 

ssian       

   

   

  Med

3    8.2

27                   68.

31              47.

AGE (B) 

sian  

   

 

Medi

5                    8.15

8                   68.8

8                   42.1

quantitatively

SE, PSNR an

utput values fo

er filtering res

d, if the value

NR and SNR a

better than the

or filter effect

measures.  

parative analy

filters effect

asures results

statistical measu

 REDUCTION FILT

dian        Laplaci

29              4.45 

52            80.96 

56            60.01 

dian        Laplacia

5               4.75  

86             79.68 

6             52.97 

y, three 

d SNR. 

or these 

sults of 

e of the 

are high 

 others. 

tiveness 

ysis on 

tiveness 

. 

 

 

ures 

   S

for

of 

im

im

exp

ha

ha

me

lar

en

sta

the

an

be

PS

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10

[11

[12

[13

TERS   

ian 

an 

Spatial filterin

r speckle nois

f these filter

mplementation 

mage in bo

perimental re

ave very simil

and, the Gaus

ean and medi

rger, so the G

nhancement ef

atistical comp

e Laplacian w

nd enhances t

cause it has 

SNR value.   

S. Finn, M

Echocardiogra

Techniques Ch

68. ISBN 978-

M. N. Nobi, a

Magnetic Re

SCIENTIFIC R

81-89. 

S. Kalaivani N

Ultrasound Im

Image Proces

No.3, pp:85-98

S. Sudha, G. R

Ultrasound Im

Variance". Int

IACSIT, 2009

Faten A.A. Da

al. "Automatic

echocardiogra

Sci., 2011, 7(8

Md. Robiul H

Spatial Filterin

Computing an

Juan Zapata, a

Ultrasound Im

pp:126-131. 

Maria, C.R., F

the left ventric

IEEE EMBS C

Aug. 20-24, pp

WAN M. HA

Interest Gener

in Applied Info

1-61804-0398

0] Shweta Deopu

segmentation 

Conference on

2011, pp:563-

1] A. Bovik. Han

San Diego, 20

2] Hussein, Z.R.

Importance fo

Images". Jour

pp:79-85. 

3] Nandagopalan

ventricular bor

k-means clust

Conference on

IEEE Comput

V.

ng is the mos

se reduction. A

s has been 

could enha

oth qualitativ

sults showed

ar values for 

ssian filter ha

ian but the va

Gaussian can 

ffect than the

arative analys

which gives th

the image qu

the smallest 

REFE

M. Glavin, and

aphy: Trends an

hapter 3. In Tech

-953-307-762-8.

and M. A. Yousu

esonance and 

RESEARCH, JSR

N. and R.S. D. W

maging".  Intern

ssing and Pattern

8. 

R. Suresh, and R

mages by Wav

ternational Journ

9, Vol. 1, No. 1, p

awood, Rahmita 

c boundary detec

aphy images". Jo

8),  pp: 1261-1266

Hoque, and Md. R

ng to Reduce Spe

nd Engineering. IJ

and Ramon Ruiz. 

mages". Recent A

F.R. Adson, and F

cular border". Pro

Conference. Van

p: 218-221.  

AFIZAH, and E

ration for Kidney

formatics and Rem

. 

ujari, Yogita Dub

of 2-D echocardi

n Communication

566. 

ndbook of Image

000. ISBN:0-12-1

, R.W. Rahmat 

or Extracting C

rnal of Comp. In

n S., and B.S. A

rder detection of 

tering and active

n Computer and 

er Society, 2010,

CONCLUSION 

st common tec

A comparison

done to de

ance an origi

vely and q

that the mean

all statistical 

as an RMSE 

alues of the P

be considere

e mean and m

sis indicates t

e better effect

uality for se

value of RM

ERENCES   

d E. Jones. "

nd Perceptions". 

h - Open Access

uf. "A new Meth

Ultrasound Im

R publication . J. 

Wahidabanu.  "A 

national Journa

n Recognition. S

R. Sukanesh. "Spe

velet Thresholdin

nal of Computer 

pp: 1793-8201. 

W. Rahmat, and

ction of wall mo

urnal of Comput

6. 

Rashed-Al-Mahfu

eckle Noise". Inte

JSCE, 2011, Volu

"On Speckle No

Advances in Sign

F.V. Daniel. "Sem

oceeding of the 3

ncouver, British C

EKO S. ANTO.

y Ultrasound Ima

mote Sensing. 20

bey and M.M. M

iographic image: 

n System and Netw

e and Video Proc

19790-5. 

and D.M. Zamr

Contours from N

nform. Sci. IJCS

diga et al. "Auto

f 2D echocardiogr

e contour mode

d Network Techno

 pp:447-451. 

chnique whic

n of the effecti

etermine how

inal speckled

quantitatively.

n and median

measures. On

value less th

PSNR and SN

ed to have a 

median. Final

that the best f

t for noise red

egmentation p

MSE and the h

"Speckle Reduc

Echocardiograp

s Publisher, 2011

hod to Remove N

mages". JORNA

Sci. Res. 2011, 3

View on Despec

l of Signal Pro

September 2009,

eckle Noise Redu

ng based on W

Theory and Engi

d Suhaini B. Kad

otion in two-dim

ter Science. J. C

fuz. "A new App

ernational Journa

ume-1, Issue-3, p

oise Reduction In 

nals and System

mi automatic dete

30th Annual Inter

Columbia, Canad

 "Automatic Re

ages". Recent Res

011, pp:70-75. ISB

Mushrif," Left Ve

A survey". Inter

work Technologie

cessing. Academ

rin et al. "Pre-pr

Noisy Echocardio

NS, 2009, VOL

omatic segmenta

raphic images co

l". Second Inter

ology. Proceedin

ch used 

iveness 

w their 

d 2DE 

. The 

n filters 

n other 

han the 

NR are 

 better 

lly, the 

filter is 

duction 

process 

highest 

ction in 

phy-New 

1, pp:41-

Noise in 

AL OF 

3(1): pp. 

ckling in 

ocessing, 

 Vol. 2, 

uction in 

Weighted 

ineering. 

diman  et 

mensional 

Computer 

proach in 

al of Soft 

pp:29-30. 

Medical 

ms. 2009, 

ection of 

rnational 

da, 2008 

egion of 

searches 

BN:978-

entricular 

rnational 

es. IEEE 

mic Press, 

ocessing 

ographic 

L.9 No.3,   

ation and 

ombining 

rnational 

ng of the 

World Academy of Science, Engineering and Technology

International Journal of Computer and Information Engineering

 Vol:6, No:9, 2012 

1136International Scholarly and Scientific Research & Innovation 6(9) 2012 ISNI:0000000091950263

O
p
en

 S
ci

en
ce

 I
n
d
ex

, 
C

o
m

p
u
te

r 
an

d
 I

n
fo

rm
at

io
n
 E

n
g
in

ee
ri

n
g
 V

o
l:

6
, 
N

o
:9

, 
2
0
1
2
 p

u
b
li

ca
ti

o
n
s.

w
as

et
.o

rg
/4

0
4
5
/p

d
f



[14] E. Boonchieng, W. Boonchieng, and R. Kanjanavanit." Edge-Detection 

and Segmentation Methods for Two-Dimentional Echocardiograms". 

Computers in Cardiology. IEEE, 2004, pp:541-544. 

[15] Raman Maini, and Himanshu Aggarwal. "PEFORMANCE 

EVALUATION OF VARIOUS SPECKLE NOISE REDUCTION 

FILTERS ON MEDICAL IMAGES". International Journal of Recent 

Trends in Engineering ACEEE. REVIEW PAPER, 2009, Vol 2, No. 4, 

pp: 22-25. 

 

 

 

 

 

 

 

 

 

 

 

 

World Academy of Science, Engineering and Technology

International Journal of Computer and Information Engineering

 Vol:6, No:9, 2012 

1137International Scholarly and Scientific Research & Innovation 6(9) 2012 ISNI:0000000091950263

O
p
en

 S
ci

en
ce

 I
n
d
ex

, 
C

o
m

p
u
te

r 
an

d
 I

n
fo

rm
at

io
n
 E

n
g
in

ee
ri

n
g
 V

o
l:

6
, 
N

o
:9

, 
2
0
1
2
 p

u
b
li

ca
ti

o
n
s.

w
as

et
.o

rg
/4

0
4
5
/p

d
f


