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ABSTRACT

The purpose of this study was tried to evaluate the filling sodium states inside the fuel rod of sodium-cooled
fast reactor by digital medical X-ray. We used the diagnostic X-ray generators in digital radiography (DR). This
study have found the optimal conditions by changing the effective focal spot size of X-ray tube and
post-processing of the DR method with a tungsten edge plate in order to ensure excellent sharpness At this time,
the sharpness and resolution were evaluated using the MTF (modulation transfer function). As a result, this study
obtained a spatial resolution of 3.871 lp/mm (0.1 MTF), 3.290 Ip/mm (0.5 MTF) when implemented the contrast
strengthen post-processing in small focal spot. In this research, the result is able to evaluate the level of sodium
inside the fuel rod by using the diagnostic X-ray generators in medical digital radiographic images.
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I. MATERIALS AND METHODS
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Table 1. Specification of digital detector

Items Values

Number of pixels 11,300,000

Image Size 17" 17"

Scintillator GOS (Gd202S:Tb)

Bit Depth 14 bit

Pixel Size 125 um
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Fig. 1. Experimental set-up for the sodium-cooled fast
reactor by digital radiography.
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Fig. 2. Experimental set-up for edge method of MTF.
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Fig. 3. The MTF was computed by performing the
FFT of the LSF, LSF was calculated ESF by extracted
the ROI from edge method.

. RESULTS

1. FEss HH3 23}

w Aol MTFE o838t axils} xdls
A

A EPAPIA| 25 0] Gd5-A]e] el whe} Heie
0.5 MTF)9} all%d%=0.1 MTF)E B7Fske] Table 29}
%% MTF A3 gt& d3dvh vuAd 35312 4

o

= 24l A contrast boostE 2, edge enhancement
£ 82 4L ul 0.1 MTF %kl 3.826 Ip/mm, 0.5 M
TF #ko] 2.991 Ip/mm=Z 7P 5813341, A Aol A=
12, edge enhancements 02 Z7d3S o
0.1 MTF #ke] 3.871 Ip/mm, 0.5 MTF g}°] 3.290 Ip/mm=
7HE Ferskelon dixdrny AxAedA 0.1 MTES

contrast boost=

119



Evaluation of the Filling Sodium States Inside the Fuel rod of Sodium-Cooled Fast Reactor by Optimized Spatial Resolution
in Medical Digital Radiographic Images

0.5 MTF E5 F7hEsso] a5l

0 2.519 3.585 2.891 3.797

2 2.584 3.636 2.891 3.797

Table 2. The results of the MTF in accordance with 4 2571 3.584 3.101 3.835

change of focal spot sizes in X-ray tube with digital 6 2596 3.603 2966 3814

post-processing at DR system g Sl 3608 5 846 3785

Large focal spot Small focal spot 6 10 2.604 3.624 3.130 3.852

Edge . (1.2 mm) (0.6 mm) 12 2723 3723 2959  3.805

Enhanc ontrast

ement  BoOSt 0.5 0.1 0.5 0.1 14 2681 3681 2951  3.803
MTF MTF MTF MTF

(p/mm) (Ip/mm) (Ip/mm) (Ip/mm) 16 2.745 3.725 2.935 3.806

0 2949 3821 2768 3744 18 2.591 3.624 2.887 3.790

2 2.898 3.795 3.107 3.845 20 2.784 3.760 3.000 3817

4 2.682 3.705 3.053 3.842 0 2.625 3.639 3.053 3825

6 2.730 3.723 3.281 3.865 2 2.991 3.826 2.873 3.778

8 2.672 3.701 2.896 3.792 4 2.680 3.673 2919 3.806

0 10 2.587 3.667 3.275 3.868 6 2.654 3.660 2.846 3.769

12 2667 3,688 3290 3871 8 2.608 3.608 2.947 3.802

14 2657 3.686 2020 3797 8 10 2.629 3.671 3.081 3.838

16 2.681 3.681 2.935 3.806 12 2.667 3.667 2934 3803

18 2.463 3.563 2.882 3.790 14 2.658 3.651 2.841 3.778

20 2.648 3.669 2.882 3.795 16 2:482 3.660 2.878 3.789

0 2.619 3.669 3.247 3.871 18 2.733 3.733 2.886 3.786

2 2638 3667 2924 3798 20 2.708 3.681 2.848 3.776

4 2841 3778 2974 3812 0 2.570 3.608 2.763 3.740

6 2676 3676 2 831 3769 2 2.653 3.694 2.827 3.759

3 2610 3.631 2960 3.808 4 2.859 3.772 2.806 3.755

2 10 2.843 3.769 2.902 3.803 6 2.667 3.688 3.000 3814

12 2.653 3.653 2.927 3.789 8 2:490 3.605 2.839 3.774

14 2.711 3.719 2.938 3.797 10 10 2.643 3.664 2866 3.780

16 2.766 3.731 2.983 3.814 12 2.790 3.758 2.891 3.797

18 2.696 3.719 2.873 3.794 14 2.681 3.696 2991 3812

20 2 648 3676 2898 3795 16 2.708 3.736 2.769 3.754

0 2 368 3783 3026 3826 18 2.643 3.664 2.824 3.779

5 2638 3.667 3.046 3835 20 2.699 3.692 2.848 3.776

4 2.738 3.738 2.927 3.805 0 2.645 3.658 2197 3.766

6 2.653 3.646 2911 3.805 2 2.618 3618 2918 3.803

8 2.710 3.725 2.864 3.792 4 2.737 3.729 2983 3.817

4 10 2.746 3.731 3.071 3.839 6 2.768 3.739 2.929 3.795

12 2.662 3.683 2.887 3.790 8 2.662 3.704 3.000 3825

14 2756 3733 2806 3767 12 10 2.710 3.725 2912 3.792

16 2871 3786 5871 3.790 12 2.672 3.693 2.840 3.771

18 2712 3727 2871 3.790 14 2.658 3.664 3.017 3.831

20 2.726 3.719 2.949 3.814 16 2.629 3.678 3.061 3.826

18 2.841 3.778 3.151 3.849
20 2.685 3.692 2912 3.792
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0 2724 3748 2809 3771
2 2779 3756 3138  3.853
4 2715 3723 2975 3815
6 2686 3714 3119 3853
8 2.583 3.611 3138 33853
14 10 2658 3671 2869 3787
12 2.681 3.681 2873 3.794
14 2721 3.721 2915 3.797
16 2552 3.628 3063  3.838
18 2706 3.721 2.850  3.780
20 2667  3.654 2924  3.798
0 2559 3618 3118  3.843
2 2788 3758 2983 3810
4 2864 3776 3216  3.856
6 2930 3798  3.168  3.861
8 2756 3733 3.196  3.856
16 10 2808 3775 3269 3871
12 2782 3759 3154 3.846
14 2624 3.631 3.093 3833
16 2682 3727 3143 3848
18 2.783 3754 3.000  3.807
20 2757 3730 3154 3.846
0 2617 3.664 23880  3.792
2 2734 3727 3017 3.828
4 2713 3706 3.081 3.838
6 2676 3.662 2909  3.802
8 2895 3790  2.991 3.812
18 10 2619 3613 2937 3810
12 2815 3745 2896  3.792
14 2789 3737 2873 3.794
16 2713 3734 3.044  3.823
18 2752 3718 3113 3.849
20 2580  3.609 2967  3.817
0 2662 3708 2763 3.740
2 2676 3.697 2828  3.766
4 2662 3.683 2957  3.809
6 2.813 3766 2885  3.787
8 2642 3701 3.184 3845
20 10 2.901 3780 2738 3754
12 2807 3765  3.168  3.842
14 2992 3817 2816  3.760
16 2722 3736 3204 3.845
18 2662 3.656 3204 3.857
20 2529 3.643 2924  3.798
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Fig. 4. The images shown the level of sodium inside
the fuel rod (yellow arrow) by digital X-ray images

(a) the acquired X-ray image by the large focal spot
and not post-processing (b) the acquired X-ray image
by the small focal spot and post-processing
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