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Abstract

The filter technique was applied to noise imagesmaise is the significant factor that cause powmge quality
due to lower photon counting. The purpose of thislg is to confirm that image quality can be imm@dwsing
the median modified Wiener filter (MMWF) techniquhijs is achieved via a National Electrical Mantfaers
Association International Electrotechnical Commaasbody phantom with four large spheres that dledfi
with the *™Tc radioisotope when evaluating the image qualignventional filters such as Wiener, Gaussian,
and median filters were designed, and signal tsenaatio, coefficient of variation, and contrasituise ratio
were used as the evaluation parameters. The imprenvein the image quality was in the following ardeom

the least to the highest improvement, in all ca¥disner filter, Gaussian filter, median filter, attle MMWF
technique. The results show that the image qualdg improved from 20.6 - 65.5%, 7.4 - 40.3%, and/ 12
44.7% for the SNR, COV, and CNR values, respegtiwghen using the MMWF technique, compared with the
use of conventional filters. In conclusion, ourulés demonstrated that the MMWEF technique is uséjul

reducing the noise distribution in gamma cameragisa

Keywords: Median modified Wiener filter, Gamma caeanage, Nuclear medicine, Noise reduction teamjq

Evaluation of image quality
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1.Introduction

Gamma cameras play a crucial role in nuclear meelichage as a means for diagnosing several diseEsiss
is because the functional information of patiersts be obtained without surgery by using gamma im§e].
The principle involved in obtaining gamma imagesiésection of gamma rays originating from the boflya
patient that are subsequently incident on a deteoyousing the®™Tc radioisotope [4]. In the nuclear medicine
modality, gamma images are prone to noise owingtttnuation and scattering of the gamma rays béfae
are incident on the detector [5]. This leads torpwmoage quality, which is characterized by low sign
distribution, low signal contrast, and high noisberefore, development of an appropriate denoiphogess to
enhance the image quality of degraded images hes aecrucial and long-standing issue in digital gsma
processing. In nuclear medicine image, a commorhadeused to obtain denoised gamma images is the
application of a digital filter to the degraded gaaimages before and after the image reconstruptiooess.
The purpose of using a filter is to compensateHerloss of the signal while simultaneously redgdime noise

distribution.

In general, filters are classified as spatial apdtial frequency domain filters. Specifically, sphfrequency
domain filters that are used to reduce noise inatbgd gamma images, such as wavelet denoisingsfilhkave
drawbacks when compared with spatial domain fil{6is In spatial frequency domain filter-based nuet,
many parameters are required to obtain the denajs@tima image; and needed to setting value for more
complex method. Therefore, many researchers usmisgamain filters to reduce the noise distribatiowing

to the ease of application of such filters, as thithod primarily involves only setting a new mafii]. Many
researchers have also improved the effectivenesppifcation of existing noise reduction filters degraded
images and developed novel noise reduction fil{8rs9]. Wiener, median, and Gaussian filters, whark
processed using spatial domain filters, are typicaged to reduce the noise distributions of deggdaimnages
[10-12]. These filters denoise the degraded imageelting the mask of a new n x m matrix in thegmarhese
filters are useful for simultaneously focusing 8ignal intensity and preserving the edge signahanimage.
Tsakanikas et al. reported that spatial domain filters are advardageor noise reduction in that they increase
the signal intensity and decrease distortion initiege [8]. In addition, a modified filter that iolves merging

the Wiener and median filters, is often used toaeek degraded images. This filter is known as tbdiam-
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modified Wiener filter (MMWF); in this techniquehe average value of the mask matrix in the Wieitier fis
replaced by the median value to reduce the noiedlalition [9]. These filters are often appliedtaay images

to evaluate the noise distribution and achieveenmsluction. However, only a few studies have mmeniucted
regarding the application of such filters to nuclesedicine images. Therefore, this study aimedvaluate the
effectiveness of using the MMWF technique to enkatiee quality of gamma images using the National
Electrical Manufacturers Association (NEMA) Intetioaal Electrotechnical Commission (IEC) body ploemnt
The performance of the MMWF was compared those i@n@f, Gaussian, and median filters. Furthermdwe, t
signal to noise ratios (SNRs), coefficients of atdn (COVs), and contrast to noise ratios (CNRs}he

images obtained using the MMWEF technique and caiimeal filters were analyzed.

2.Materials and methods

2.1. Image acquisition

The NEMA IEC body phantom was filled with’d"Tc radioisotope solution to obtain the images. Tt® of

the %™c sphere activity concentration to the backgroaativity concentration was 8:1 (sphere:background =
8:1). The phantom consists of spheres of six diffediameters (inner diameters: 10, 13, 17, 22a88,37 mm).
Four large spheres of the phantom (inner diame1&ts22, 28, and 37 mm) were filled with tH&Tc solution.
The image acquisition time was set as 5 min udieggamma camera. Fig. 1 shows the images of theusar
regions of interest (ROIs) according to the splsézes, which are 17, 22, 28, and 37 mm, and thélemf the

pixels along the center line for quantitative ewailon of the fluctuation of signal intensity.
2.2. Median and Wiener filters

In general, degraded images that are prone to remieeestored using an appropriate technique, asidiftering.

Mathematically, this can be expressed as follo\g$: [1

g y) = f(x,y) *ulx,y) +n(xy) (1)

h(x,y) = R[g(xy)] (2)



81 where f(x,y) is the acquired image;(x,y) is the degradation functionx™ denotes convolutionn(x,y)

82 represents noise, such as Gaussian ngiée,y) is the output degraded image, angk, y) is the final output

83 image subsequent to the application of the tecln®RuTo acquire denoised gamma images, the degraded
84 images were input to a conventional noise redudilter. Median and Wiener filters, which are norggluction

85 filters with nonlinear spatial domains, are oftesed to obtain denoised images. The procedure fprowing

86 image quality is as follows: First, a mask matrxsize n x m is set for the spatial noise reduction filter. he

87  the mask matrix is used to recalculate the newlpiakie compared to the mask pixel value for thgrdded

88 image corresponding to the mask pixel size. Theianefilter changes each pixel value to the medieelp

89  value corresponding to the mask matrix at the cqrikel value [14]. Therefore, this method is adeg@ous in

90 that outliers can be removed without reducing thergness of the image. The Wiener filter involvethtithe

91 variance and average pixel values in thex m sized mask matrix and is represented as follows:

92
9B u=— Tumenanm) (3)

%  ol= = Tineyaitnm) — @ (4)
95

96  whereyu is the meang? is the variance of Gaussian noise in the imagemmis the size of the neighborhood
97 arean in the mask, and(n, m) represents each pixel in the amgarhe Wiener filter is expressed to the new

98 pixels, which are represented Bs(n, m), using the estimated values.

99

g2—p?

100 by(nm)= u+ 55 - (@nm) = p)  (5)

101

102  wherev? is the noise variance setting of the mask matnixapplication of the Wiener filter.

103

104  2.3. MMWF technique
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The MMWEF technique, which is used to reduce thesadaistribution in degraded images, was designed by
Cannistraci et al [9]. The aim of this technique is to improve imagelity by denoising the background region
of a degraded image using the median filter. Intamy this technique primarily preserves the edigmal using

the Wiener filter. The MMWF technique, which is bdson the Wiener filter, replaces the pixel valaéshe
mask matrix with the median values, thereby redyti® noise in the degraded image. The average ¥alu

in the Wiener filter formula is replaced by the nagdvalue ). Thus, the MMWF is represented as follows:

g?—v?
o

bmmwf(n' m) = i+ 2 ' (a(n: m) — i) (6)

The advantage of using the MMWF technique is thatiinage quality of degraded images can be enhaxed
follows: Because of the drop-off-effect, the edggnal is better preserved when compared with treeaighe
median and Wiener filter techniques. In summarg, MMWF technique can perform substantially bethemt
conventional filters with regard to the denoisirfeet; furthermore, it can simultaneously presetive edge

signal and remove the background noise signal [15].

2.4. Evaluation of image qualities

To evaluate the phantom images obtained using d@hneus noise reduction filters, the COV, SNR, ardRC

were calculated as follows:

SNR=34 (1)
g4

cov=22 (8)

Sa

CNR = 2438l (g

2 2
G'A+ op

where S, and g, are the mean counts and standard deviations fds R@responding to the various hot
sphere sizes, respectively; in additiaf) and oz are the mean counts and standard deviations fr th
background noise, for ROIs corresponding to theouarhot sphere sizes, respectively. The experimerst

performed ten times under equivalent conditions.
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3.Results and discussion

In this study, we compared the effectiveness of NMdWF technique with regard to gamma image noise
reduction with that of conventional noise reductfiters (i.e., Wiener, Gaussian, and median fijarsing the
NEMA IEC body phantom with th&™Tc radioisotope. The SNRs, COVs, and CNRs of thegies obtained
subsequent to the application of the noise redudtiters were analyzed for the various ROIs in ther large

spheres.

Figure 2 shows the phantom images obtained substdqoethe application of the MMWF technique and
conventional noise reduction filters. Based onrtagnified portion of the 17-mm sphere shown in Rigwe

confirmed that the MMWF technique can clearly safathe hot and background regions in the image.

The SNR, COV, and CNR results obtained using timwentional noise filters and MMWEF technique arevsho

in Fig. 3. First, the average SNR values are impdayy approximately 65.5%, 58.7%, 46.7%, and 20:6%n

the MMWF technique is used, compared with the SMRias of the acquired image and the images obtained
using the Wiener, Gaussian, and median filterspeetively. Second, the COV values are decreased by
approximately 40.3%, 35.8%, 23.7%, and 7.4% whenMIMWF technique is used, compared with the COV
values of the acquired image and the images oltaireng the Wiener, Gaussian, and median filters,
respectively. From the SNR and COV results, itleacthat the signal intensity is the highest aosa is the
lowest in the ROIs of the images obtained usingMMWF technique when compared with those of thegesa
obtained using the other techniques evaluatedigstiudy. Finally, the average CNR values are emed by
approximately 44.7%, 36.5%, 26.7%, and 12.7% whenMMWF technique is used, compared with the CNR
values of the acquired image and the images olataisig the Wiener, Gaussian, and median filteesel on

the CNR result, it can be concluded that when thd@VWF technique is applied to a gamma image, it isspae

to distinguish the hot sphere portions from thekigamund portion more clearly when compared withuke of
other noise reduction filters. Consequently, whbe tmages obtained using the MMWF technique and
conventional filters were compared, the images tockv the median filter was applied showed the least
difference. This result confirmed that applicatmiithe median filter, which uses the median vatam lead to
improved image quality when compared with thathef Wiener and Gaussian filters, which use the nasah

variance values of the image pixels. In additioncbmparing the images obtained using the MMWF riaple
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with the acquired images, it was found that theraye SNR and CNR values were improved by approxityat
65.6 and 44.4%, respectively, and the average C@Mevwas decreased by approximately 38.6% for the
images obtained using the MMWF technique. In sumgnthe image quality is confirmed to be in thedaling
order of superiority: median filter, Gaussian fijté/iener filter, and acquired images. In additidris observed
that the image quality can be improved to varioegrdes by applying the three noise reduction §ilter
Comparing the images obtained using the noise teduiilters with the acquired images, it can berséhat the
image quality of the images obtained using theenoésluction filters is improved by 1.9 to 2.2 tineserms of
SNR, 1.6 to 1.8 times in terms of CNR, and decrd&sel.7 to 1.9 times in terms of COV. In addititimere is

no significant correlation between the results vl for the SNR, CNR, and CQOV for the spheresasfous

sizes and the sizes of the spheres.

Based on the resultant profiles, it can be confitrti@t the fluctuations of the signal intensitiéshe images
obtained using the various techniques are in thewiing descending order: MMWF technique, medidtefj
Gaussian filter, and Wiener filter. When comparthg fluctuation degree for the reference signarisity of
0.35 for all images obtained using the various népes, the MMWEF technique exhibits the smallest
fluctuation degree, whereas the acquired imagebéghihe largest. Based on the profile figure,ah de seen
that, although there is no substantial signal listhe edge portion of each image, the noise digtdn is
reduced to a significant extent compared with tfahe acquired image. In particular, the imageawtatd using

the MMWF technique shows the least fluctuation agnthre various images evaluated in this study.

4.Conclusion

In this paper, we proposed that the MMWF technigueich is used to denoise degraded images, canglay
crucial role in improving the quality of gamma inesgused in nuclear medicine. To confirm this, fivge
performed an experiment using the NEMA IEC bodymbm; four large spheres and the background of the
phantom were filled with a radioisotope. Second,evaluated the image quality of the acquired imaayes
those of the images obtained using Wiener, Gausaizth median filters and the MMWF technique. Based
the results, it was concluded that the noise réoludilters can improve the quality of gamma imagks
addition, the MMWF was particularly suitable fodteing the noise distribution of the degraded insagged in

this study.
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ROI-D

Profile line

Fig. 1. Various regions of interest (ROIs) for qti@tive analysis in terms of the signal to nois¢ia and
coefficient of variation: ROI-A, ROI-B, ROI-C, ariROI-D, corresponding to each sphere; and contoasbise
ratio calculation: ROI-A, ROI-B, ROI-C, ROI-D, anROI-BG corresponding to each sphere and to the
background, represented as BG (Here, the innerad@amof ROI-A, ROI-B, ROI-C, and ROI-D are 37 ni8,
mm, 22 mm, and 17 mm, respectively). The profihe livas set to the center pixel position from ttieteethe

right of each image.
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