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Abstract: This study was undertaken by using neural intelligence systems integrated with Gamma camera electrical 

circuit (DICOM – MATLAB integration systems) to evaluate radiation safety criteria during the nuclear imaging process 

with Gamma camera. In this research, we used the 40 uCi of Tc-99 m point source for gamma camera calibration, as well 

as thallium activated sodium iodide (NaI (Tl) crystal as radiation detector, which is presented throughout gamma camera 

by a variety of photomultiplier tubes (PMTs). In this analysis, we are using A Jaczack phantom with 6 fillable sphere for 

image processing under minimal effect of low doses with calibrated. The characteristic factor ratio was measured against 

standard gamma camera machine ratio, standardized uptake value (SUV), point spread function (PSF), signal-to-noise 

ratios (SNRs) were measured in accordance with the NEMA standard. SUV max, also PSF and SNRs for image 

reconstruction using DICOM – MATLAB achieved high-quality image reconstruction under low-dose Tc-99 m radio 

isotope circumstances. On the other hand, data revealed during the operating system process with DICOM- MATLAB 

system, high-quality image and low-dose, short exposure time and all radiation safety criteria were achieved under 

nuclear imaging radiation safety requirements.  
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1. INTRODUCTION 

 

The radiation protection requirements on justification of a 

practice, dose limitation and optimization of protection, 

and the use of dose constraints apply to radiotherapy and 

radio and nuclear imaging. Radiation safety criteria 

principles as applied to occupational and public exposure 

as well as medical exposure. Dose limits refer to clinical 

exposure and are important for potential exposure control 

[1]. Most 99mTc diagnostic procedures for gamma 

camera machines need radiation safety standards 

justifications. With reference to the BSS series of safety 

reports No. 40 [2]. Throughout the use of facilities, the 

nuclear medicine equipment and the associated auxiliaries 

and instruments must meet all acceptability criteria [3]. 

Artificial Intelligence has proved to produce promising 

results where incomplete, unclear or skewed data are 

available in digital image processing and analysis. 

Decision support systems, neural networks, DICOM 

systems and MATLAB systems are capable of coping 

with ambiguous, uncertain, conflicting, complementary, 

imprecise and redundant data, such as that which occurs 

in the field of biomedical imaging, to provide a more 

reliable and less uncertain interpretation [4, 5]. The 

process of transforming different data sets into one 

coordinate system is the registration of images. 

Registration is necessary in order to allow the correlation, 

integration and fusion of images from different 

measurements that can be taken from the same modality 

at different times or obtained from the different 

modalities in the gamma camera [6, 7]. It is also possible 

to use non-stiff registration of medical images to record 

the data of a patient in an anatomical atlas [8]. 

Registration of medical images is a pre-processing step 

for many medical imaging applications and may have a 

strong impact on the result of subsequent segmentation 

and edge detection [9,10]. Such artificial intelligence 

facilities have the power to support performance imaging 

and can also be considered as one of the technological 

security standards during the processes of nuclear 

imaging [11, 12]. An electrical design with a preamplifier 

circuit coupled to synchronization with a gamma camera 

scintillator will be built to simulate another slightly 

different form signal by simply adjusting a few parameter 

values [13, 14]. The developed design such as DICOM 

can boost the quality performance of electrical circuit 

control in gamma camera scintillator, as well as the 

DICOM and neural intelligence systems function as a 

power to improve the PMT photocathode's quantum 

efficiency [15]. 

 

 

 

 



                            International Innovative Research Journal of Engineering and Technology 
                            ISSN: 2456-1983   Vol: 5 Issue: 2 December 2019 

Copyright © 2019 Mélange Publications                                                                                                    CS-36 

2. AIM 

 

We need to use all facilities during the processing of 

radiation safety for gamma camera equipment to improve 

and support the radiation safety systems during diagnosis 

with nuclear imaging. The goal of this study is to use the 

DICOM- MATLAB Neural Intelligence Systems (NIS) 

collaborated with electrical gamma camera circuits during 

the imaging process, which resulted in improved image 

quality imaging, image recovery, image restoration 

(including de-noise and enhancement) – short time for 

exposure to radiation, low doses for radio isotopes during 

radio diagnosis. The previous technical criteria were 

established during the nuclear imaging process as 

technical radiation safety criteria [16]. 

 

3. MATERIALS AND METHODS 

 

The gamma camera system and accessories mounted at 

Moscow University Hospital's Nuclear Medicine 

Institute, Moscow (Russia) consisted of a thin but large-

scale thallium activated sodium iodide (NaI(Tl)) crystal 

as a radiation detector seen by a series of photomultiplier 

tubes (PMTs). This NaI(Tl) crystal thickness camera is 

completely digital in the sense that an analog-to-digital 

converter (ADC) digitizes the output of each 

photomultiplier tube directly. Based on the 

recommendations of the National Electrical 

Manufacturers Association (NEMA) [17], in standardized 

experimental protocol for measuring gamma camera 

performance, The handheld gamma camera consists of a 

thick hexagonal parallel hole collimator with 1.3 mm hole 

size and 0.2 mm septa (5) coupled to a 2929 pixelated 

NaI (Tl) scintillation crystal array with an individual 

crystal size and 1.7 mm pitch coupled to a flat panel, 

multi-anode Hamamatsu H8500 Position Sensitive 

Photomultiplier (PSPMT) [18]. 

 

4. TECHNIQUES AND METHODS 

 

Get about 40uCi of Tc-99 m in a point source 

configuration (activity is acceptable in an ICC volume or 

less). Carefully test the source, recording the activity and 

the calibration time in a calibrated dose calibrator. 

Suspend the origin from the detector and on the central 

axis of the detector at least five crystal diameters. 

Carefully measure the distance and record. Center the 

photo peak in a window of 15% or 20%, based on the 

clinical use. (Most manufacturers ' specifications have a 

20% window). The slit was positioned at a slight angle 

directly on the entry window of the camera (slant ratio 

~4-8). A Tc-99 m point source was mounted at a distance 

of ~ 1 meter directly above the slit so that the detector 

layer was flooded uniformly. The intrinsic uniformity of 

the system was calculated and the integral and differential 

uniformity were measured according to (NEMA, 2001) 

[19] for standardized uptake value (SUV), point spread 

function (PSF), signal-to-noise ratios (SNRs). The slit 

was slightly bent with regard to the array's pixel columns 

so that the line input dropped with regard to the crystal 

centers at different locations. Subsequently, profiles were 

obtained along the slit image distance. Intrinsic air count 

rate performance: a source of 99mTc radiation with 

25mCi activity was used. Using the Copper sheet 

attenuation method, counts for a preset time of 20 sec 

were acquired using a 128 average 128 matrix size. 

Energy intrinsic resolution: a point source of 99mTc has 

been used. At a preset count, an image was acquired 

using a 1024 x 1024 pixel matrix size. A Jaszczak 

phantom was used in the study with 6 fillable spheres The 

Jaszczak cylindrical phantom weighed 8.3 kg and 

developed polymethylmethacrylate content with 9.89, 

12.43, 15.43, 19.79, 24.82 and 31.27 mm internal 

diameter hot spheres. Events are connected to individual 

crystals and plotted as a function of the location of the 

known source. The resulting trapezoid response function's 

FWHM specifies the array's intrinsic spatial resolution. 

The counts in neighboring crystals show inter-crystal 

scattering, light diffusion, and unrelated background 

events Figure 1[20]. 

 

5. RESULTS AND DISCUSSION 

 

Table 1 showed SUV before DICOM and MATLAB 

were analyzed. The SUV1 to SUV6 accounted for 6.95%, 

6.93%, 5.69%, 5.01, 4.33% and 2.9% respectively. On 

the other hand, the high mean ratio of SUV type 1 to 6 

was estimated at 8.21%, 8.13%, 7.75%, 6.85%, 5.97% 

and 4.35% respectively. Until processing with DICOM 

and MATLAB, 16.82, 15.36, 14.27, 9.88, 5.75 and 3.28 

mm were also shown in Table 1 and Figure 2A-C. On the 

other hand, SUV sphere diameter reported with higher 

diameter than SUV before processing with DICOM and 

MATLAB after processing with DICOM and MATLAB. 

The previous research were associated with Hinton [21], 

where statistical models such as support vector machines, 

multivariate logistic regression, and artificial neural 

networks imply high accuracy object reconstructions. 

Table 2 shows the results of the Point Spread Function 

(PSF). 22.35 percent, 20.63, 18.69, 16.54, 14.75 and 

11.82 percent were recorded before processing with 

DICOM and MATLAB. On the other hand, after 

processing with DICOM and MATLAB, the PSF ratio 

reported a high mean ratio of 33.25%, 28.64, 25.47, 
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24.86, 20.14 and 16.28% respectively. The PSF – 

DICOM and MATLAB sphere diameter registered the 

highest level without DICOM and MATLAB, where 

18.22 mm, 16.35, 13.47, 10.89, 7.96, 5.46 mm, 

respectively, were reported. Figure 3A-C showed image 

reconstruction after and before the processing of 

DICOM-MATLAB. In order to obtain good image 

quality at low doses from radioisotope compounds, the 

improved PSF component parallel to the SUV factor 

resulted in a decrease in exposure time during Gamma 

Camera image processing. 

 

 
 

Figure 1. Electrical circuit schematics used to conduct the anode summing circuit in the front-end electronics for Gamma 

camera reading from the multi-anode PMT 

  

Table 1. Standardized uptake value SUV ratio before and after processing with DICOM Resolution neural network and 

MATLAB resolution 

 

Before processing with DICOM After processing with DICOM and MATLAB 

SUV 

NO 

SUV 

Mean 

Ratio% 

Sphere 

Diameter/mm 

SUV 

Mean 

Ratio% 

Sphere 

Diameter/ 

mm 

DICOM 

resolution 

Ratio % 

MATLAB 

resolution 

Ratio % 

SUV1 6.95 16.82 8.21 24.90 13.67 8.90 

SUV2 6.93 15.36 8.13 19.50 13.53 10.55 

SUV3 5.69 14.27 7.75 16.00 10.75 8.24 

SUV4 5.01 9.88 6.85 11.00 6.45 5.06 

SUV5 4.33 5.75 5.97 8.60 5.14 3.79 

SUV6 2.9 3.28 4.35 7.40 5.05 3.74 
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Figure 2. (A and B) The image reconstruction of SUV before processing with DICOM, (C) Image reconstruction after 

processing with DICOM 

 

 
 

Figure 3. (A and B) The image reconstruction of PSF before processing with DICOM, (C) Image reconstruction after 

processing with DICOM 

 

Gamma Camera's picture measurement reliability is 

influenced by the measuring equipment values for PSF 

and SUV action levels [22]. Gamma Camera 

manufacturers should use DICOM – MATLAB 

development systems to incorporate the quality assurance 

framework for PSF and SUV [23]. Such quality and 

assurance requirements are defined in the Nuclear 

Medicine's amended guideline on radiological protection 

[24]. During the imaging process with Gamma Camera 

[24], this analysis and description of specific action rates 

assisted sensitivity limits for radioisotopes. During the 

imaging process with Gamma Camera [24], this analysis 

and description of specific action rates assisted sensitivity 

limits for radioisotopes. Signal-to-noise ratio (SNR) 

findings are reported in Table 3. For DICOM and 

MATLAB 42.33 %, 39.25%, 36.37 %, 33.68 %, 31.97 % 

and 28.58 % respectively, SNRs mean ratio before 

DICOM and MATLAB processing reported higher levels 

than SNRs. On the other hand, DICOM reported 8.21 % 

of SNRs, 8.13, 7.75, 6.85, 5.97 and 4.35 % of SNRs. Of 

SNRs with DICOM sphere diameter reported lower than 

SNRs without DICOM – MATLAB systems 3.44 mm, 

2.88 mm, 2.63 mm, 2.32 mm, 1.22 mm and 1.18 mm 

respectively. At 40 uCi of Tc-99 m, the resolution ratio 

for image reconstruction with DICOM-MATLAB in 

Gamma Camera registered a high SNR ratio of 1 to 6 

(88.36 %, 64.36 %), (62.55%, 58.74 %), (85.33 %, 58.74 

%), (78.96 %, 55.18), (72.82 %, 54.38%) and (71.35%, 

52.48 %) respectively. Figure 4A-C, shown after and 

before DICOM-MATLAB processing simulated object 

reconstruction. This evidence are consistent with Groch 

2001[26], which indicates that factors affecting silicon 

photomultiplier noise include dark counts after pulse and 

optical cross-discussion. In the bulk or surface depleted 

region at the junction, thermally produced electron hole 

pairs produce a leakage current that results in dark counts 

at PMT in Gamma camera during the nuclear imaging 

process. As a consequence of surface leakage current for 

electrical circuit [27], the contribution of dark current 

below breakdown voltage increases linearly with the bias 

voltage. In this analysis, several variables were 

influenced during the processing of imagery with Gamma 



                            International Innovative Research Journal of Engineering and Technology 
                            ISSN: 2456-1983   Vol: 5 Issue: 2 December 2019 

Copyright © 2019 Mélange Publications                                                                                                    CS-39 

camera on radiation safety criteria and achieved optimum 

quality assurance. Several associations and parallel 

variables should be taken into consideration during 

nuclear imaging for the radiation safety norm. The results 

showed relationships between SUV and PSF iteration 

number in Figures 5 and 6, showing the high-level ratio 

of SUV and PSF in PSF 9 iteration and PSF iteration 6 

iteration. These findings have led to DICOM – MATLAB 

processing during Gamma camera scanning, while 

Gamma camera technology has been improved from 

basic electrical network circuits and integrated neural 

network intelligence systems [28]. In the development of 

the gamma camera detector, there are many factors to be 

considered. A small gamma camera field of view will be 

used as a prototype for a large area detector. Ideally, 

though remaining cost-effective, our imaging system 

would have high energy and spatial resolution. The 

detector's intrinsic spatial resolution increases as the size 

of segmented crystals decreases [29]. Figure 7 shows the 

results of the relationship between SUV (Standardized 

Uptake Value) and image sphere diameter at standard 

Gamma camera value machine without DICOM – 

MATLAB device processing. At the standard sphere 

diameter of 12.6 mm, the SUV max reported a high ratio 

of 11 mm sphere diameter with 27.5 percent. On the other 

hand, the effects of the relationship between sphere 

diameter and SNRs (single to noise ratios) and picture 

sphere diameter at 3 and 6 and 9 regulations are shown in 

Figures 8 and 9. The standard sphere diameter of 2 mm 

had a high-level ratio of 20.5 percent with 9 regulations. 

By comparison, the normal sphere diameter of 12 mm 

was small with 3 regulations at 10.2%. The results of the 

relationship between SNRs (single-to-noise ratios) and 

PSF (point spread function) are shown in Figure 9. The 

PSF regulation 9 with a sphere diameter of 12 mm had a 

high ratio of 10.2% with SNRs. On the other hand, PSF 

regulation 2 recorded a moderate ratio of 6.8 percent with 

sphere diameter 12. Such findings are consistent with 

Muntean, 2017 [30], which indicates that in MATLAB – 

DICOM neural intelligence systems, the gamma camera 

was modeled using crystal geometries for reconstructed 

images and energy spectrums to determine optimum 

parameters. 

 

Table 2. Point spread function (PSF) ratio before and after treated with DICOM Resolution neural network and 

MATLAB resolution 

 

Before processing with DICOM After processing with DICOM and MATLAB 

PSF 

NO 

PSF Mean Ratio% Sphere 

Diameter/mm 

PSF Mean 

Ratio% 

Sphere 

Diameter 

mm 

DICOM 

resolution 

Ratio % 

MATLAB 

resolution 

Ratio % 

PSF1 22.35 10.33 33.25 18.22 66.78 72.68 

PSF2 20.63 8.63 28.64 16.35 65.47 68.57 

PSF3 18.69 9.66 25.47 13.47 62.71 66.94 

PSF4 16.54 7.35 24.86 10.89 58.42 64.12 

PSF5 14.75 4.22 20.14 7.96 54.34 62.38 

PSF6 11.82 2.79 16.28 5.46 52.53 59.72 

 

Table 3. Signal-to-noise ratios (SNRs) before and after treated with DICOM Resolution neural network and MATLAB 

resolution 

 

Before processing with DICOM After processing with DICOM and MATLAB 

SNRs NO SNRs Mean 

Ratio% 

Sphere 

Diameter/mm 

SNRs 

Mean 

Ratio% 

Sphere 

Diameter 

mm 

DICOM 

resolution 

Ratio % 

MATLAB 

resolution 

Ratio % 
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SNR1 42.33 6.22 8.21 3.44 88.36 64.36 

SNR2 39.25 4.12 8.13 2.88 85.62 62.55 

SNR3 36.37 3.64 7.75 2.63 85.33 58.74 

SNR4 33.68 2.58 6.85 2.32 78.96 55.18 

SNR5 31.97 2.12 5.97 1.22 72.82 54.38 

SNR6 28.58 1.38 4.35 1.18 71.35 52.48 

 

 
 

Figure 4. (A and B) The image reconstruction of SNRs before processing with DICOM, (C) Image reconstruction after 

processing with DICOM 

 

 
 

Figure 5. Relationship between SUV and PSF iteration number 
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Figure 6. Relationship between total PSF ratio and standard sphere diameter without DICOM- MATLAB processing 

systems 

The simulation consists of multiple parts: creating a 

virtual origin, modeling the response of the detector, and 

reconstruction of images [31]. However, the quantity 

efficiency and three SUV, PSF and SNR variables have 

been modelled into the simulation: intrinsic scintillator 

noise, dark and SiPM noise. First, the two-dimensional 

origin is generated by creating a large number of random 

events that represent the true locations of contact with the 

energy identified by the consumer. This determines the 

size of the detector and the structure of crystals. During 

imaging with Gamma lens, intrinsic scintillator noise 

occurs from electron trapping and thermally produced 

pairs of electron hole and used low-dose radioisotopes 

[32]. 

 

6. CONCLUSION 

 

Of devices used in nuclear imaging, optimal performance 

and reliability should be extended to radiation safety 

standards and technological safety level specifications of 

methods and techniques during the imaging process. Used 

electrical circuit integration systems in Gamma camera 

machines improve and help image quality and promote 

image recovery. 

 

 
Figure 7. Relationship between total SUV MAX ratio and standard sphere diameter with DICOM- MATLAB processing 

systems 
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Figure 8. Relationship between sphere diameter and SNRs 

 

 
 

Figure 9. Relationship between SNRs and PSF 

 

 

To use the neural intelligence systems DICOM – 

MATLAB, the imaging procedure and the radioisotopes 

used are protected by safety precautions and safety 

standards. The characteristics factors that influence image 

processing with Gamma camera SUV, PSF and SNRs, 

these factors play an important role in image processing 

to achieve high-quality image with low radioisotope dose. 
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