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Background. The presence of a noise component on 3D images of single-photon emission computed tomo-
graphy (SPECT) of a brain significantly distorts the probability distribution function (PD) of the radioactive 
count rate in the images. The presence of noise and further filtering of the data, based on a subjective assess-
ment of image quality, have a significant impact on the calculation of volumetric cerebral blood flow and the 
values of the uptake asymmetry of the radiopharmaceutical in a brain. 
Objective. We are aimed to develop a method for optimal SPECT filtering of brain images with lipophilic 
radiopharmaceuticals, based on a Gaussian filter (GF), for subsequent image segmentation by the threshold 
method.   

Methods. SPECT images of the water phantom and the brain of patients with 99mTc-HMPAO were used. We 
have developed a technique for artificial addition of speckle noise to conditionally flawless data in order to 
determine the optimal parameters for smoothing SPECT, based on a GF. The quantitative criterion for optimal 
smoothing was the standard deviation between the PD of radioactive count rate of the smoothed image and 
conditionally ideal one.  
Results. It was shown that the maximum radioactive count rate of the SPECT image has an extremum by 
changing the standard deviation of the GF in the range of 0.3–0.4 pixels. The greater the noise component in 
the SPECT image, the more quasi-linearly the corresponding rate changes. This dependence allows determin-
ing the optimal smoothing parameters. The application of the developed smoothing technique allows restoring 
the probability distribution function of the radioactive count rate (distribution histogram) with an accuracy up 
to 5–10%. This provides the possibility to standardize SPECT images of brain. 
Conclusions. The research results of work solve a specific applied problem: restoration of the histogram of a 
radiopharmaceuticals distribution in a brain for correct quantitative assessment of regional cerebral blood flow. 
In contrast to the well-known publications on the filtration of SPECT data, the work takes into account that 
the initial tomographic data are 3D, rather than 2D slices, and contain not only uniform random Gaussian 
noise, but also a pronounced speckle component. 

Keywords: emission computed tomography; SPECT; cerebral blood flow; radioactive count; Gaussian filter; 
optimal filtering; speckle-noise; radiopharmaceutical; 99mTc-HMPAO. 

  

Introduction 

The main objective of scintigraphic studies of 

brain with lipophilic radiopharmaceuticals is the 

studying brain efficient perfusion. In this regard, 

a method for quantitative assessment of absolute 

volume of cerebral blood flow (CBF) was develo-

ped [1, 2]. The term "absolute" implies the calcula-

tion of CBF without reference to any segment of 

the brain with known parameters of effective per-

fusion, for example, using the well-known Lassen's 

method [3, 4]. Methodology and software for the 

calculation of the CBF, developed by our working 

group, make it possible to measure absolute values 

of volumetric blood flow directly. The accumulated 

clinical experience of calculation usage of the abso-

lute CBF method [1, 2] and the development of ap-

propriate software were resulted in a set of data ana-

lysis features [5]. 

The method is based on the fact that a brain is 

represented as a flow system. In accordance with the 

proposed model, a fluid with a volume velocity  

and a material with a concentration of z dissolve 

flow to the container of volume V with ideal instant 

mixing. A part of the material is specifically captured 

by perceiving surface elements, another part is re-

moved from the tank. However, the effective volume 

of radiopharmaceutical dilution in blood V is not 

equal to the volume of the brain (V0), but represents 

a certain effective value (V  < V0). The corresponding 

empirical dependence was obtained for determining 

the effective volume of radiopharmaceuticals dilu-
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tion in brain based on regression and statistical ana-

lysis. Based on this dependence, the threshold for 

segmentation of single-photon emission computed 

tomography (SPECT) data was determined. The 

amount of voxels exceeds this threshold and is the 

desired volume. Based on this method, clinical data 

were obtained and their adequacy was indicated. 

However, sometimes quantitative values of blood 

flow inadequate to physiologically accepted values 

were observed. The detailed analysis of such cases 

showed that the main error of the calculations was 

associated with the degree of smoothing SPECT im-

ages of the brain. The brain segmentation threshold 

for determining the volume V is calculated from the 

maximum accumulation of the radiopharmaceutical 

in a brain. A similar approach was used, in particu-

lar, in analysis of brain by SPECT in the diagnosis 

of Alzheimer's disease [6]. It should also be noted 

that the quality of radionuclide images is limited not 

only by hardware capabilities, but also by the num-

ber of radiopharmaceuticals administered to the pa-

tient and the functional state of other organs and 

systems [7–9]. There are a significant shift of the 

histogram of velocity distribution of radioactive 

count rate (CR) and a change in the maximum 

CR in smoothing SPECT. Due to the high level of 

noise in SPECT images and low brain perfusion, ex-

tremely low values of CBF were observed; at a suf-

ficiently high accumulation of the radiopharmaceu-

tical in a brain, even minor smoothing led to inap-

propriately large values of CBF. In this regard, the 

task was to determine the optimal degree of smooth-

ing of SPECT data. By optimal smoothing, we mean 

the minimal 3D smoothing (filtering) of an image, 

which makes it possible to bring the histogram 

(probability distribution function) of the radiophar-

maceutical distribution in a brain to the condition-

ally necessary one in order to obtain adequate values 

of V. At the same time, this filtering should not im-

pair perception of images at a qualitative visual level. 

In this case, the criteria for assessing the quality 

of filtering are the subjective visual assessment of the 

image quality and the smallest Root Mean Square 

Error (RMSE) of CR of the results for some condi-

tionally ideal image [10]. In the last case, the con-

ditionally ideal SPECT image is obtained when 

conducting a study with a long exposure time of 

one projection frame. 

Based on the analysis of scientific literature and 

our own experience in researching methods for de-

termining the optimal filtering of SPECT images, 

we can point out the following methodological errors 

and incorrect experimental design: 

 images are often represented by regions with 

a uniform distribution of brightness, while scinti-

graphic images, especially of patients, are always 

gradient in computer modeling; 

 incorrect artificial data noise; 
 one SPECT image requires approximately 

20–40 min, when carrying out phantom scintigra-

phic studies, which does not allow obtaining a suf-
ficient amount of data of different quality under 
equivalent conditions, since radioactive decay occurs, 

CR changes, the signal-to-noise ratio changes; 

 in most cases, a small number of patient 

images are analyzed; 

 it is not taken into account that the textural 

properties of SPECT can differ significantly from 

the norm in case of pathologies [11]. 
As a result, the issue related to the optimal fil-

tering of medical images in a specofic SPECT brain 

has not been completely resolved [12]. In addition, 
the optimal filtering parameters depend on the pur-
pose and objectives of image analysis. For example, 

visualization of images, their segmentation, quan-
titative and texture analysis may require different 
approaches. 

The aim of this work is to develop a method 

for optimal SPECT filtering of brain images with 

lipophilic radiopharmaceuticals based on a Gaussian 

filter for subsequent image segmentation by the 

threshold method. 

Methods  

The study has used SPECT images of the water 

phantom and 20 patients with different levels of brain 

perfusion, the change in the texture properties of 

SPECT images depended on the filtering parameters.  
The water phantom was a cylinder 20 cm in 

diameter and 40 cm high. The exposure time of one 

frame during studies with 99mTc-pertechnetate was 

20 s, 15 s, 10 s, 5 s; data collection matrix – 6464 

and 128128, the activity – 50 MBq. To ensure 

uniform distribution of 99mTc-pertechnetate in the 

phantom, the initial amount of water in it was about 

2/3 of the total volume. This allows shaking and 

ensures good mixing. After that, the phantom was 

completely filled with water and settled for about 

20 min. The uniformity of radioactivity distribution 

in the water phantom was monitored on planar (2D) 

scintigraphic images. The correction for gamma ra-

diation absorption has not been taken into account 

during the reconstruction of SPECT for obtaining 

an uneven texture of the phantom SPECT image, 

which is more similar to the distribution of the 

radiopharmaceutical in a brain. 
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Patients were examined using 99mTc-hexame-

thylpropyleneamine oxime (99mTc-HMPAO). SPECT 

was carried out 15–20 min after intravenous admi-

nistration of the radiopharmaceutical. The tomo-

graphic study included the collection of 64 projec-

tions for the matrix of 6464 or 128 projections for 

the matrix of 128128, the activity of the radiophar-

maceutical when administered intravenously was 

740 MBq. 

 Scintigraphic data were obtained on a gamma 

camera "E. Cam" (Siemens) equipped with a LEHR 

collimator. 

Image processing and analysis were carried out 

in the Matlab 2018 environment in the application 

"ScintyBrain" with the user interface developed by 

the authors [5]. 

The obtained SPECT images were smoothed 

by a Gaussian filter with the filter order [nx ny nz] and 

standard deviation [x y z]; nx = ny = nz = nf; 

x = y = z = f . nf took the values 3, 5, 7 and 9; 

f  – from 0.1 to 7 in increments of 0.1. The optimal 

smoothing parameters nf0 and f0 were chosen by 

minimum RMSE between the probability distribu-

tion functions (PD) of CR (p = f(Q)) of smoothed 

SPECT images and conditionally ideal one. As the-

oretically ideal distribution functions, we considered 

the distribution of the SPECT image matrix of 

128128 with an exposure time of one frame of 20 s. 

SPECT images, selected by expert-qualitative visual 

level, belonged to conditionally ideal PD of CR in 

patients. All patients had the CBF of the brain hem-

isphere either within normal limits or increased, 

which corresponded to a percentage of radiophar-

maceutical penetration into the brain of more than 

3% of the administered activity. Also, to minimize 

the influence of digital noise, the ideal SPECT im-

ages were smoothed by a Gaussian filter with nf  = 3, 

f  = 0.3. These are the minimum values at which 

the minimal visual effect of smoothing is observed. 

Based on the results of SPECT smoothing, we have 

compared images obtained at different resolutions 

and exposure times of one frame during the prelimi-

nary study. However, due to the duration of SPECT, 

it is impossible to record a sufficiently large amount 

of data under equivalent conditions for statistical and 

regression analysis. So, an algorithm for noise reduc-

tion of conditional ideal images was developed. The 

use of this algorithm made it possible to vary the 

SPECT image quality over a wide range and to esti-

mate the optimal filter parameters. The noise distri-

bution was estimated by the difference between the 

conditionally ideal images and SPECT obtained with 

shorter frame exposure time for phantom images. 

Graphical results of this analysis are presented in 

Fig. 1, where Qn – CR normalized by the maximum 

velocity in the whole 3D SPECT image (Qmax). 

   

a b c 

   

d e f 

Figure 1: Evaluation of the spatial distribution of SPECT noise: (a), (b) transverse slices normalized to the maximum radioactivity of 
the phantom image obtained at the exposure times of the projection frame: (a) 20 s, (b) 10 s; (c) differential SPECT image obtained 
under conditions (a) and (b); (d), (e) probability distribution function of 3D SPECT images for an exposure time of 20 s – 1, 10 s – 2; 

(f) is a noise probability distribution function of the 3D difference image (c) 

 

40 

20 

60 

80 

100 

120 

40 20 60 80 100 120 

0.9 

0.8 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

0 

40 

20 

60 

80 

100 

120 

40 20 60 80 100 120 

0.9 

0.8 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

0 

40 

20 

60 

80 

100 

120 

40 20 60 80 100 120 

0.6 

0.4 

0.2 

0 

0.2 

0.4 

0.6 

0.03 

0.04 

0.05 

0 

0.01 

0.02 

1 2 

p 

0.01 0.005 0 0.02 0.015 0.025 Q, 1/s 

0.03 

0.04 

0.05 

0 

0.01 

0.02 

1 2 

p 

0.2 0 0.6 0.4 0.8 1 Qn 

p 

0.03 

0.04 

0.05 

0 

0.01 

0.02 

0 0.5 1 1 0.5 Qn 



Innov Biosyst Bioeng, 2022, vol. 6, no. 1                                                                                                                                                      7 

                                                                                                                                        7  

The analysis of the data in Fig. 1 shows the fol-

lowing. With the decrease in the exposure time of 

projection images, Qmax can differ significantly (by 

more than 5–10%) from the conditionally true value 

in the reconstructed 3D image (Fig. 1d). This causes 

the histogram or p = f(Q) to shift to the right. 

As a result, the presence of the noise component 

shifts p = f(Qn) towards lower values of the radioac-

tive CR after SPECT normalization to Qmax, i.e. to 

the left (Fig. 1e). p = f(Qn) for the SPECT differen-

tial image; one of the sections shown in Fig. 1c 

shows the normal Gaussian noise distribution (Fig. 1f). 
This is one of the main features that led to the study 

of the possibilities of using Gaussian smoothing in 

this work. 

However, Fig. 1c indicates that the noise com-

ponent in SPECT images is represented by speckle 

noise in the useful region (phantom region); thus, 

the farther the phantom is from the center (the axis 

of the gamma-camera detector rotation), the more 

the speckle patterns are extended radially. In addi-

tion, it is noteworthy that the spatial distribution of 

artifacts is qualitatively different in the useful region 

and in the background one. Speckles associated with 

the effects of a "star" (or "streak") artifact dominate 

in the background region [13]. In this regard, the 

optimal filtering (smoothing) parameters should be 

different for the useful SPECT region and the back-

ground one. In this work, we study the optimal fil-

tering for a useful region, i.e. phantom or brain re-

gions. The threshold method was used to separate 

the useful region from the background: the one 

where Q(x, y, z) > 0.15 Qmax was considered a useful 

region. This also allows minimizing the influence of 

the background on p = f(Q) and the subsequent 

estimation of the standard deviation of the smoothed 

images from conditionally ideal ones, since the  

volume of the background region is quite large and 

can exceed the useful region. 

The latter feature has not been emphasized in 

the literature. It should also be noted that the thre-

shold of 0.15Qmax adequately separates the phantom 

image from the background, since the boundary is 

clear, while for brain images this value is ambiguous 

due to the uneven distribution of the radiopharmaceu-

ticals. This complicates an unambiguous assessment of 

the smoothing effect of brain SPECT. However, this 

feature did not affect the general results of this work. 

Thus, the SPECT image noise reduction algo-

rithm mentioned above is a speckle noise generation 

technique whose probability distribution function 

obeys the Gaussian distribution: 

2 2 2
0 0 0

2 2 2
nois nois nois

( , , )

( ) ( ) ( )
exp ,

2 2 2x y z

G x y z

x x y y z z
M

    
      
      

 
(1)

 

where G(x, y, z) is the Gaussian distribution of an 

individual speckle-noise pattern, x0, y0, z0 are coor-

dinates of the pattern, x nois, y nois, z nois are standard 

deviations, M is an intensity of the pattern. 

The speckle-noise generation algorithm for 

SPECT image is reduced to the following steps: 

1. Downloading the original SPECT image (I0) 

and the formation of the 3D zero matrix (Ig), size I0. 

2. Setting the noise parameters: maximum  

intensity (M0); x nois, y nois, z nois; the minimum geo-

metric size of the Gaussian speckle-noise pattern  

dx, dy, dz; number of iterations, i.e. the number of 

patterns (n); the angle  in the xy plane with respect 

to the centre of detector rotation, at which the 

pattern will be blurred. 

3. Specifying the region of noise (). In this 

paper, the useful volume was separated from the 

background region based on the threshold segmen-

tation I0.  is the region where I0 assumed values of 

more than a given level (Th) from the maximum 

radioactive CR Qmax. 

4. Generation according to the uniform distri-

bution law of random coordinates (x0, y0, z0)   and 

noise intensity (M) according to the normal distribu-

tion law that limits the values of M0 (M[M0, +M0]). 

5. The formation of the Gaussian speckle noise 

pattern in the Ig image according to the equation (1), 

where x  [ x0  dx/2 , x0 + dx/2], y  [ y0  dy/2, 

y0 + dy/2], z  [ z0  dz/2 , z0 + dz/2]. 

6. Transfering/stretching the pattern formed  

in the previous step by the angle  parallel to the  

xy plane. 

7. Repeating n times for steps 4–6. 

8. SPECT image formation of IGn with Gauss-

ian speckle noise by summing Ig and I0 and zeroing 

the obtained negative values. 

The following assumptions were made for 

SPECT with the matrix of 128128 by implementing 

the above algorithm: x = y =  = 1.5; z = /2; 

d = dx = dy = dz (for the data acquisition matrix of  

6464: d = 3, 128128: d = 5, 256256: d = 7); 

  = 26, Th  = 0,15. The number of iterations is  

n = 12000. Thus, the noise level of the IGn image 

and the distortion of the histogram of the CR dis-

tribution were determined by the parameter M0 for 

the indicated parameter values. 
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Results 

Fig. 2 shows the results of artificial noise in 

SPECT images of a water phantom based on the 

developed algorithm. Histogram analysis of the cor-

responding 3D images indicates a fairly adequate 

coincidence p = f(Qn) of the artificially noisy image 

and SPECT (curves 3 and 2 respectively in Fig. 2g), 

which was obtained with a reduced exposure time of 

the projection frame during data collection. 

Fig. 3 shows the result of changing the function 

p = f(Qn) depending on the maximum speckle-noise 

intensity (M0) (see (1) and Section 4 in the noise 

generation algorithm in the previous subsection). As 

M0 increases, the maximum probability of the nor-

malized radioactive CR Qn increases its value and 

shifts toward lower Qn values; with increasing M0, 

the general form p = f(Qn) qualitatively retains its 

shape, however, some smoothing of the characteris-

tic irregularities of the conditionally ideal curve is 

observed (curve M00 in Fig. 3). The heterogeneity 

data has been restored after the optimal filtering 

procedure.   

The change in RMSE between the p = f(Qn) of 

the conditionally ideal SPECT of the water phan-

tom and the artificially noisy image, as well as the 

change in the maximum (Qn max) and average bright-

ness (Qn mean) after subsequent smoothing by a 3D 

Gaussian filter with different values of f and nf are 

 

  

a b 

  

c d 

Figure 2: Cross-section of a water phantom. An example of the SPECT distortion by speckle noise: (a), (b) initial phantom cross-
sections obtained at exposure times of one frame of 20 s (a) and 10 s (b); (c) the result of adding speckle noise to image (a); (d) the 
probability distribution function of the normalized radioactive count rate: 1 – SPECT with a projection frame exposure time of 20 s, 

2 – 10 s, 3 – after adding speckle noise 
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Figure 3: Change in the function p = f(Qn) depending on the 
maximum intensity of speckle noise (M0): M00 = 0 – absence of 

artificial noise; M01 < M02 < M03 

0.4 0.2 0 0.8 0.6 1 

p 

Qn 

0.03 

0.05 

0.04 

0.01 

0.02 

0 

0.06 

M02 

M01 

M03 

M00 = 0 



Innov Biosyst Bioeng, 2022, vol. 6, no. 1                                                                                                                                                      9 

                                                                                                                                        9  

presented in Fig. 4. Graphical dependencies show a 

monotonic decrease in Qn max and Qn mean with in-

creasing f and nf (Fig. 4a,b). Moreover the average 

value changed by no more than 11% (the range of 

change Qn mean  0.42–0.47) after sufficiently strong 

SPECT smoothing, while the maximum value of 

Qn max (Fig. 4b) shows a rather high sensitivity to the 

parameters of the smoothing function (the range of 

change Qn max  0.7–1, Qn max = 1  matches the image 

without smoothing). 

When speckle noise is added to the condition-

ally ideal SPECT phantom image, the subsequent 

smoothing of the 3D image of the RMSE of the 

functions p = f(Qn) of the initial and smoothed  

images with increasing f is characterized by the 

presence of a minimum point (Fig. 4c, curves nf = 7 

and 9). The dependencies presented in Fig. 4 corre-

spond to sufficiently strong SPECT noise, where 
p = f(Qn) is shown in Fig. 3 for M03. In this case, 

smoothing SPECT by a Gaussian filter with the  

order nf  = 3 and 5 does not lead to the formation of 

extreme curves.     

The rate of change Qn max was estimated based 

on the approximation depending on f : 

max max
max

( ) ( )
/ .

n f f n f
n f

f

Q Q
Q

    
  


 

The examples of graphical dependencies of chan-

ges in Qn max/f for various values f and nf are 

presented in Fig. 5. The maximum of |Qn max/f | 

for phantom was observed for f = 0.3–0.4, regard-

less of the noise level and nf (Fig. 5a). The presence 

of the noise component on SPECT affects the ab-

solute value of Qn max/f (Fig. 5b): an increase in 

the noise parameter M0 leads to sharper drops 

Qn max/f in the vicinity of f = 0.3–0.4. 

The regression analysis of the optimal values of 

f0 and nf0 at various levels of SPECT speckle-noise 

intensity showed that the section of the curve 

Qn max/f at f = 0.05–0.4 is quasi-linear, the slope 

of which characterizes the optimal value of f0 with 

sufficient accuracy (Fig. 6a). In Fig. 6, the DQ is 

value of Qn max/f at f = 0.3. The optimal para-

  

a b 

 

c 

Figure 4: Change of the textural properties of the water phantom SPECT at various Gaussian smoothing parameters: (а) average count 
rate; (b) maximum count rate; (c) Root Mean Square Error between p = f(Qn) for the conditionally ideal image and smoothing image 
with noise 

Q
n

 m
ea

n
 

2 0 4 6 8 f 

0.46 

0.47 

0.48 

0 

0.44 

0.45 

0.42 

0.43 

nf  = 3 

nf  = 5 

nf  = 7 

nf  = 9 

Q
n

 m
ax

 

2 0 4 6 8 f 

0.90 

0.95 

1 

0.65 

0.80 

0.85 

0.70 

0.75 

nf  = 3 

nf  = 5 

nf  = 7 

nf  = 9 

R
M

S
E

 

2 0 4 6 8 f 

0.06 

0.08 

0 

0.04 

0.02 

nf  = 3 

nf  = 5 

nf  = 7 

nf  = 9 



10                                                                                                              Innov Biosyst Bioeng, 2022, vol. 6, no. 1 

  

meters f0 and nf0 can generally show some inde-

pendence from each other. However, it is possible 

to require and impose the condition of the direct 

dependence of the increase in nf0 on f0 (Fig. 6b). 

Water phantom studies have also been pre-

sented on SPECT patients. In these cases, all the 

patterns presented in this work were equivalent to 

phantom studies, which is confirmed by the regres-

sion data in Fig. 6. The resulting regression equa-

tions were as follows: 

for SPECT patients 

f0 = (6.57  1.3)DQ + (0.20  0.11) 
(R2 = 0.75  0.31), 

nf0 = (1.46  0.7)f0 + (2.57  0.27) 

(R2 = 0.62  0.11); 

for phantom SPECT 

f0 = (6.5  0.3)DQ0.4 + (0.16  0.10) 

(R2 = 0.81  0.05), 

nf0 = (1.92  0.05)f0 + (2.42  0.14) 

(R2 = 0.79  0.04), 

where R is the correlation coefficient between the 

experimental and model data.  

We recommend to apply smoothing with min-

imally significant parameters for 3D images f = 0.3 
and nf = 3, because real SPECT images always have 
a noise component, including digital noise, even 

with good image quality (see Fig. 5b at M00). The 
recommended values for optimal SPECT filtering 
can be expressed as: 

f0 = 6,57DQ0.4 + 0.2 and nf0=1.1f0 + 3,    (3) 

where nf0 is rounded up to the nearest of 3, 5, 7, or 9. 

A cumulative use of (2) to calculate the most 
effective smoothing parameters of the 3D SPECT 
Gaussian filter both for phantom images and pa-

tients gives a fairly good agreement of the functions 
p = f(Qn), where the average deviation of the CR is 
less than 5–7%, the maximum deviation is observed 

in the low-intensity region (Qn < 0.5), where the er-
ror in the restorating the function p = f (Qn) reaches 
10–12%. The used examples (2) are presented in 

Figs. 7 and 8. Note that when segmenting the brain 
and determining the effective volume of dilution of 
the radiopharmaceutical in accordance with the meth-

odology for calculating CBF [1, 2, 5], the segmen-
tation threshold Th is in the range 0.55–0.90. This 
means that the results of finding the optimal param-

eters f0 and nf0 for a Gaussian filter are quite ac-
ceptable.  

  

a b 

Figure 5: The rate of change count range with respect to f : (a) for SPECT of the water phantom at M03; (b) for various  
of M0. The effect of M0i on p = f(Qn) (see Fig. 3). The order of the Gaussian filter nf does not affect the extremum in the vicinity 

of f = 0.3–0.4 

  

a b 

Figure 6: Regression dependencies of the optimal parameters f 0 and nf 0 obtained at different speckle noise intensities on SPECT: 

(а) the dependence of f 0 on DQ; (b) the dependence of nf 0 on f 0;  – for SPECT water phantom; • – for SPECT of the patient; 

the dashed line is a linear approximation of the SPECT data of the water phantom, the solid line is for the SPECT of the patient 
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a b c 

Figure 7: The results of smoothing SPECT of the water phantom in accordance with (2): (a), (b) cross-sections of the phantom after 
adding speckle noise and smoothing, respectively; (c) the probability distribution function of the count rate, where the solid line is 
the initial, conditionally ideal probability distribution; dotted line – after adding speckle noise; + – after the smoothing procedure 

  

a b 

  

c d 

Figure 8: An example of the results of smoothing SPECT of a patient's brain in accordance with (2): (a), (b), (c) cross-sections 
before, after adding speckle noise, and smoothing, respectively; (d) the probability distribution functions of the count rate, where the 
solid line is the initial, conditionally ideal probability distribution; dotted line – after adding speckle noise; + – after the smoothing 

procedure 
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Discussion 

A lot of articles have been published on the 

optimal filtering of SPECT images [12, 14–24]. The 

vast majority of publications focus on the use of the 

Butterworth filter [12, 14–18]. At the same time, it 

should be noted that it is difficult to single out rec-

ommendations for choosing a cutoff frequency. So, 

in [14] the optimal cutoff frequency is in the range 

0.08–0.13, in [16, 25] – 0.2–0.22, in [18] – more 

than 0.5 depending on the RC speed. The parame-

ters of optimal image filtering based on the Gaussian 

filter [22, 23, 26] are also contradictory and do not 

allow our working group to make a decision.  

A specific direction in the development of 

technology for improving the quality of radionuclide 

brain images is the analysis and processing of mul-

timodal data [27–29]. However, it should be noted 

that it is not always possible to obtain multimodal 

images; an increase in image resolution does not 

mean a more correct restoration of the spatial dis-

tribution of the radiopharmaceuticals in absolute 

units; the corresponding software has not been in-

troduced into wide clinical practice, into work-

stations of gamma cameras.  

The research results presented in this work are 

solving a specific applied problem: restoration of the 

histogram of the distribution of radiopharmaceuticals 

in a brain for a correct quantitative assessment of 

regional CBF. It is taken into account that the initial 

3D tomographic data contain not only uniform ran-

dom Gaussian noise, but also a pronounced speckle 

component. The technique has been tested in sol-

ving clinical problems, in particular in patients with 

moderate brain injury due to combat contusion [30]. 

The presented research results retained their 

regularities for SPECT of the water phantom with 

the data acquisition matrix of 256256. The follow-

ing limitations can be distinguished for images with 

a matrix of 6464 in the analysis of patients' SPECT: 

0.2  f0  1.5 and nf  = 3. 

It should also be noted that the technique pre-

sented in this work does not give significant positive 

results with pronounced sparseness of scintigraphic 

projection images, which are formed with a sharply 

reduced total CR or with a short exposure time  

of the frame during the SPECT study. The solution 

of the applied problem is not trivial and requires 

further research. This problem is considered, for  

example, in [31]. 

A novel technique for smoothing 3D SPECT 

images based on a Gaussian filter was developed. It 

was shown that the change in the maximum rate of 

the SPECT image RC has an extremum by changing 

the standard deviation of the Gaussian filter in vi-

cinity of 0.3–0.4 pixels. The greater the noise com-

ponent in the SPECT image, the more quasi-line-

arly the corresponding speed changes. This depend-

ence allows us to determine the optimal smoothing 

parameters. 

The application of the developed smoothing 

technique allows restoring the probability distribu-

tion function of the radioactive CR (distribution his-

togram) with an accuracy of 5–10%. This allows 

standardizing SPECT images, in particular, of a 

brain, and carrying out image segmentation more 

correctly. 

Conclusions 

The research results of the work solve a specific 

applied problem: restoration of the histogram of 

the radiopharmaceuticals distribution in a brain for 

correct quantitative assessment of regional cerebral 

blood flow. In contrast to the well-known publica-

tions on the filtration of SPECT data, the work takes 

into account that the initial tomographic data are 3D, 

rather than 2D slices, and contain not only uniform 

random Gaussian noise, but also a pronounced 

speckle component. This allows standardization of 

brain SPECT images in terms of the spatial distri-

bution of the radiopharmaceuticals in a brain. 
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ФІЛЬТР ГАУСА ДЛЯ ОФЕКТ-ЗОБРАЖЕНЬ ГОЛОВНОГО МОЗКУ 

Проблематика. Наявність шумової складової на 3D-зображеннях однофотонної емісійної комп’ютерної томографії (ОФЕКТ) го-
ловного мозку суттєво спотворює функцію розподілу ймовірностей (ФРЙ) швидкості радіоактивного рахунку. Наявність шумів і 
подальша фільтрація даних, що базується на суб’єктивній оцінці якості зображень, значно впливають на розрахунок об’ємного 
мозкового кровотоку  та значення асиметрії накопичення радіофармпрепарату в мозку. 
Мета. Розробка методу оптимальної ОФЕКТ-фільтрації зображень головного мозку з ліпофільними радіофармпрепаратами на 
основі фільтра Гауса (ГФ) для подальшої сегментації зображень пороговим методом. 
Методика реалізації. В роботі аналізувалися ОФЕКТ-зображення водного фантому та головного мозку пацієнтів з 99mTc-ГМПАО. 
Розроблено методику штучного додавання спекл-шуму до умовно ідеальних даних для визначення оптимальних параметрів згла-
джування ОФЕКТ на основі ФГ. Кількісним критерієм оптимального згладжування слугувало середньоквадратичне відхилення між 
ФРЙ швидкості радіоактивного рахунку між згладженими зображеннями та умовно ідеальним. 
Результати. Показано, що максимальна швидкість радіоактивного рахунку ОФЕКТ-зображення має екстремум при зміні 
стандартного відхилення ГФ за просторового порядку фільтра в діапазоні 0,3–0,4 пікселя. Чим більша шумова складова на зо-
браженнях ОФЕКТ, тим більш квазілінійно змінюється відповідна швидкість. Ця залежність дає змогу визначити оптимальні пара-
метри згладжування. Застосування розробленої методики згладжування дає можливість відновити функцію розподілу ймовірно-
стей швидкості радіоактивного рахунку (гістограма розподілу) з точністю до 5–10 %. Це дає змогу стандартизувати ОФЕКТ-
зображення головного мозку з точки зору просторового розподілу препарату в мозку. 
Висновки. Представлені в роботі результати досліджень вирішують конкретне прикладне завдання – відновлення гістограми 
розподілу радіофармпрепаратов в мозку для коректної кількісної оцінки об’ємного мозкового кровотоку. На відміну від відомих 
публікацій про фільтрацію даних ОФЕКТ, у роботі враховується, що вихідні томографічні дані є 3D, а не представлені 2D-зрізами, 
і містять не тільки рівномірний випадковий гаусівський шум, але й виражену спекл-складову. 

Ключові слова: емісійна комп’ютерна томографія; ОФЕКТ; мозковий кровоток; радіоактивний рахунок; фільтр Гауса; оптимальна 
фільтрація; радифармпрепарати; 99mTc-ГМПАО. 
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ФИЛЬТР ГАУССА ДЛЯ ОФЭКТ-ИЗОБРАЖЕНИЙ ГОЛОВНОГО МОЗГА 

Проблематика. Наличие шумовой составляющей на 3D-изображениях однофотонной эмиссионной компьютерной томографии 
(ОФЭКТ) головного мозга существенно искажает функцию распределения вероятностей (ФРВ) скорости радиоактивного счета. 
Наличие шумов и последующая фильтрация данных, основанная на субъективной оценке качества изображений, оказывают 
значительное влияние на расчет объемного мозгового кровотока и значения асимметрии накопления радиофармпрепарата  
в мозге. 
Цель. Разработка метода оптимальной ОФЭКТ-фильтрации изображений головного мозга с липофильными радифармпрепара-
тами на основе фильтра Гаусса (ГФ) для последующей сегментации изображения пороговым методом.  
Методика реализации. В работе анализировались ОФЭКТ-изображения водного фантома и головного мозга пациентов с  
99mTc-ГМПАО. Разработана методика искусственного добавления спекл-шума к условно идеальным данным для определения 
оптимальных параметров сглаживания ОФЭКТ на основе ФГ. Количественным критерием оптимального сглаживания служило 
среднеквадратичное отклонение между ФРВ скорости радиоактивного счета между сглаженными изображениями и условно 
идеальным. 
Результаты. Показано, что максимальная скорость радиоактивного счета ОФЭКТ-изображения имеет экстремум при изменении 
стандартного отклонения ГФ для пространственного порядка фильтра в диапазоне 0,3–0,4 пикселя. Чем больше шумовая со-
ставляющая на изображениях ОФЭКТ, тем более квазилинейно изменяется соответствующая скорость. Эта зависимость позво-
ляет определить оптимальные параметры сглаживания. Применение разработанной методики сглаживания позволяет восста-
новить функцию распределения вероятностей скорости радиоактивного счета (гистограмму распределения) с точностью до 5–
10 %. Это позволяет стандартизировать ОФЭКТ-изображения головного мозга с точки зрения пространственного распределения 
препарата в мозге. 
Выводы. Представленные в данной работе результаты исследований решают конкретную прикладную задачу – восстановление 
гистограммы распределения радиофармпрепаратов в мозге для корректной количественной оценки объемного мозгового крово-
тока. В отличии от известных публикаций про фильтрацию данных ОФЭКТ, в работе учитывается, что исходные томографиче-
ские данные являются 3D, а не представлены 2D-срезами, и содержат не только равномерный случайный гауссовский шум, 
но и выраженную спекл-составляющую. 
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