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Simulation Study for Feature ldentification of Dynamic Medical Image Reconstruction
Technique Based on Singular Value Decomposition
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Abstract Positron emission tomography (PET) is widely used imaging modality for effective and accurate functional testing
and medical diagnosis using radioactive isotopes. However, PET has difficulties in acquiring images with high image qual-
ity due to constraints such as the amount of radioactive isotopes injected into the patient, the detection time, the charac-
teristics of the detector, and the patient's motion, In order to overcome this problem, we have succeeded to improve the
image quality by using the dynamic image reconstruction method based on singular value decomposition, However, there
is still some question about the characteristics of the proposed technique. In this study, the characteristics of re-
construction method based on singular value decomposition was estimated over computational simulation. As a result, we
confirmed that the singular value decomposition based reconstruction technique distinguishes the images well when the
signal - to - noise ratio of the input image is more than 20 decibels and the feature vector angle is more than 60
degrees, In addition, the proposed methode to estimate the characteristics of reconstruction technique can be applied to
other spatio-temporal feature based dynamic image reconstruction techniques, The deduced conclusion of this study can
be useful guideline to apply medical image into SVD based dynamic image reconstruction technique to improve the accu-
racy of medical diagnosis.

Key Words : Singular value decomposition, Dynamic medical image, Image reconstruction, Feature analysis, Simulation
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Fig 1. Simulation image condition of two objects
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Fig. 4. Case 2, Correlation values according to feature vector angle
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Appendix

r

ofe] Fi B4 A5 o) Rl ANA 2w Y dole 4, 52 G4 WU A 27|SP), wol= 7))
HNP), A1E T FESHISNR), ¢ B4 delgare] Txe] SAMI(CORR) w02 Aeshart

Table 2, Case 1, simulation result for SNR 5dB

Case 1, Anglg idls mean of SP mean of SP  mean of NP S\R (dB) CORR St CORR S2
condition S1 (dB) S2 (dB) Total (dB) (TAC) (TAC)
90)X=80 117 10.41 10,41 19.08 1.12 0.97 0.91
80yX=70 239 10.85 10.85 19.08 1.17 0.97 0.87
Image 70yX=60 219 10,46 10,46 19.08 1.23 0.93 0.82
SNR Level 60)X=50 263 9.50 9.51 19.08 1.35 0.53 0.59
5dB 50)X=40 301 9.62 9.62 19.08 1.37 0.55 0.38
40)X=30 204 9.85 9.86 19.08 1.21 0.87 0.36
30yX=20 192 10,13 10,14 18.98 1.32 0.90 0.31

Table 3, Case 1, simulation result for SNR 10dB

Case 1, Anglg ridls mean of SP mean of SP mean of NP S\R (dB) CORR S1 CORR S2
condition S1 (dB) S2 (dB) Total (dB) (TAC) (TAC)
90yX=80 135 9.98 9.99 14.08 2.84 0.97 0.93
80)X=70 232 10.53 10.53 14.08 2,97 0.98 0.92
Image 70)X=60 247 9.71 9.71 14,08 3.01 0.92 0.85
SNR Level 60)X=50 279 9.03 9.03 14.08 3.23 0.59 0.76
10dB 50yX=40 301 9.00 9.00 14.04 3.35 0.54 0.49
40)X=30 220 9.31 9.32 14.08 3.05 0.94 0.52
30yX=20 200 9.62 9.62 14.08 3.14 0.93 0.54

Table 4, Case 1, simulation result for SNR 20dB

Case 1, Anglg ridls mean of SP mean of SP  mean of NP SNR (dB) CORR St CORR S2
condition S1 (dB) S2 (dB) Total (dB) (TAC) (TAC)
90) X=80 108 9.74 9.74 4.05 10.02 0.96 0.91
80)X=70 252 10.33 10.33 4,09 10.36 0.98 0.93
Image 70)X=60 237 9.83 9.83 4.09 10.47 0.93 0.90
SNR Level 60)X=50 234 8.72 8.72 4,09 10.89 0.62 0.75
20dB 50yX=40 301 8.85 8.86 4,09 10,97 0.56 0.54
40)X=30 218 9.10 9.10 4,09 10.45 0.91 0.59
30y X=20 179 9.55 9.56 4.09 10.77 0.91 0.70

Table 5, Case 1, simulation result for SNR 30dB

Case 1. AngIIe tials mean of SP mean of SP  mean of NP SNR (dB) CORR S CORR S2
condition S1 (dB) S2 (dB) Total (dB) (TAQ) (TAC)
90)X=80 111 9.86 9.86 5,83 19.61 0.97 0.93
80)X=70 255 10.36 10.36 -5.83 19.87 0.98 0.93
Image 70)X=60 254 9.64 9.64 -5.83 19.99 091 0.89
SNR Level 60YX=50 260 8.71 8.71 -5.83 20.39 0.53 0.79
30dB 50YX=40 301 8.65 8.65 5.83 20,51 0.58 0.51
40)X=30 204 8.94 8.95 -5.81 19.80 0.93 0.58
30)X=20 223 9.35 9.36 -5.83 20.20 0.91 0.66
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Table 6, Case 1, simulation result for SNR 40dB

Case 1. Anglg ridls mean of SP mean of SP mean of NP S\R (dB) CORR St CORR S2
condiition S1 (dB) 32 (dB) Total (dB) (TAC) (TAC)
90)X=80 125 9.84 9.84 -15.15 28,89 0.97 0.92
80yX=70 301 10.30 10.31 -15.15 29,14 0.98 0.93
Image 70yX=60 288 9.84 9.84 -15.15 29.26 0.94 0.90
SNR Level 60yX=50 287 8.59 8.59 -15.15 29.68 0.59 0.77
40dB 50) X =40 300 8.72 8.72 -15.15 29.70 0.60 0.52
40)X=30 234 8.96 8.96 -15.15 29.15 0.94 0.59
30)X=20 202 9.38 9.38 -15.15 29.64 0.86 0.59
Table 7, Case 2, simulation result for SNR 5dB
Case 2, AngI.e ridls mean of SP mean of SP  mean of NP S\R (dB) CORR S1 CORR S2
condition S1 (dB) S2 (dB) Total (dB) (TAC) (TAC)
90)X =80 127 12.15 12,19 19.08 1.37 0.94 0.93
80yX=70 212 12,31 12.34 18.99 1.42 0.95 0.92
Hmage 70yX=60 239 11.98 12,02 19.08 1.46 0.86 0.84
SNR Level 60)X=50 254 11,04 11.08 19.08 1.55 0.48 0.68
5dB 50)X =40 301 11.05 11.09 19.08 1.58 0.51 0.42
40yX=30 183 11.32 11.36 19.08 1.44 0.90 0.41
30)X=20 169 11,62 11.66 19.08 1.57 0.83 0.38
Table 8, Case 2, simulation result for SNR 10dB
Case 2, Anglg ridls mean of SP mean of SP mean of NP S\R (0B) CORR S CORR S2
condition S1 (dB) 32 (dB) Total (dB) (TAQ) (TAC)
90yX=80 145 11.95 11.99 14,08 3.40 0.95 0.94
80)X=70 265 12,13 12,17 14.08 3.48 0.95 0.93
fmage 70)X=60 258 11.59 11.63 14,08 3.55 0.88 0.89
SNR Level 60)X=50 291 10.46 10.50 14.08 3.69 0.42 0.76
10dB 50)X=40 301 10,57 10,62 14.04 3.80 0.48 0.50
40yX=30 233 10.79 10.84 14,08 3.47 0.87 0.55
30)X=20 185 11,28 11.32 14,08 3.71 0.85 0.55
Table 9, Case 2, simulation result for SNR 20dB
Case 2. Anglg tials mean of SP mean of SP mean of NP S\R (dB) CORR S CORR S2
condition S1 (dB) S2 (dB) Total (dB) (TAC) (TAC)
90yX=80 109 11,57 11,61 4.09 11.00 0.94 0.93
80yX=70 232 12,23 12,27 4.09 11.28 0.96 0.95
Tmage 70)X=60 245 11,54 11,58 4.07 11,31 0.85 0.90
SNR Level 60)X=50 253 10,43 10,47 4.09 11.60 0.44 0.77
20dB 50)X=40 301 10,52 10.56 4.09 11.67 0.53 0.53
40)X=30 216 10.86 10,90 4.09 11.23 0.86 0.67
30)X=20 150 11.09 11.13 4.09 11.59 0.90 0.53
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Table 10, Case 2, simulation result for SNR 30dB

Case 2. Anglg rials mean of SP mean of SP mean of NP SNR (dB) CORR S1 CORR S2
condition S1 (dB) S2 (dB) Total (dB) (TAC) (TAC)
90> X=80 133 11.55 11.59 -5.84 20.61 0.94 0.92
80)X=70 244 11,99 12,03 -5.84 20.85 0.95 0.93
Image 70)X=60 245 11.48 11,52 -5.84 20.99 0.85 0.90
SNR Level 60)X=50 269 10.40 10.44 -5.84 21.19 0.45 0.77
30dB 50)X =40 301 10,53 10,58 -5.84 21,17 0.62 0.54
40)X=30 223 10.75 10.79 -5.84 20.89 0.86 0.54
30)X=20 183 10,92 10.96 5.81 21.00 0.88 0.59

Table 11, Case 2, simulation result for SNR 40dB

Case 2. Anglg tials mean of SP mean of SP mean of NP SNR (dB) CORR St CORR S2
condition S1 (dB) S2 (dB) Tota (dB) (TAQ) (TAC)
90yX=80 105 11.58 11.62 -15.21 29.94 0.94 0.91
80yX=70 266 12,20 12,24 -15.21 30.26 0.96 0.94
Image 70)X=60 273 11,52 11.56 -15.21 30.30 0.87 0.89
SNR Level 60yX=50 253 10.25 10,29 -15.15 30.36 0.40 0.77
40dB 50)X =40 301 10,42 10,47 -15.21 30,61 0.59 0.49
40)X=30 212 10.70 10.75 -15.21 30.22 0.84 0.58
30y X=20 197 10.99 11.03 -15.21 30.41 0.86 0.63

Table 12, Case 3, simulation result for SNR 5dB

Case 3, Anglg ridls mean of SP mean of SP  mean of NP SNR (dB) CORR S1 CORR S2
condition S1 (dB) S2 (dB) Total (dB) (TAC) (TAC)
90)X=80 103 9.64 9.70 19.08 3.43 1.00 0.41
80)X=70 235 10.62 10.68 19.08 3.37 1.00 0.43
Tmage 70)X=60 218 11.47 11,53 19.08 3.45 1.00 0.43
SNR Level 60)X=50 236 11,32 11.37 19.08 3.70 1.00 0.50
5dB 50) X =40 301 10.53 10.58 19.08 4,12 0.91 0,22
40)X=30 195 10,81 10.86 19.08 4.33 0.83 0.16
30)X=20 200 11.08 11.13 18.98 3.80 0.97 0.14

Table 13, Case 3, simulation result for SNR 10dB

Case 3. AngI.e tials mean of SP mean of SP mean of NP SNR (dB) CORR St CORR S2
condition S1 (dB) S2 (dB) Total (dB) (TAQ) (TAC)
90)X=80 108 9.98 10,05 13,95 0.62 0.99 0.69
80yX=70 263 11.10 11.16 14,08 0.86 1.00 0.74
Hmage 70)X=60 277 10.76 10.82 14,08 7.15 1.00 0.61
SNR Level 60)X=50 253 10,14 10.19 14,08 7.84 0.93 0.37
10dB 50) X =40 301 10.35 10.41 14.08 7.98 0.8 0.23
40)X=30 176 10.68 10.73 14,08 7.47 0.95 0.26
30)X=20 202 11.14 11.19 14.08 7.69 0.94 0.25
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Table 14, Case 3, simulation result for SNR 20dB

Case 3, Angl.e ridls mean of SP mean of SP  mean of NP SNR (dB) CORR St CORR S2
condition S1 (dB) S2 (dB) Tota (dB) (TAC) (TAQ)
90> X=80 106 9.98 10.05 4.08 15.88 1.00 0.90
80)X=70 240 10.93 10.99 4.08 15,99 1.00 0.91
Tmage 70yX=60 262 10.55 10.61 4,08 16.34 1.00 0.86
SNR Level 60)X=50 279 9.96 10.02 4.08 17.01 0.95 0.74
20dB 50) X =40 301 10,07 10.12 407 17.17 0.81 0.47
40)X=30 194 10.53 10.58 4.08 16.69 0.94 0.54
30)X=20 181 11.03 11,08 4,08 17.02 0.98 0.53
Table 15, Case 3, simulation result for SNR 30dB
Case 3. Angl'e tials mean of SP mean of SP mean of NP SNR (dB) CORR S CORR S2
condition S1 (dB) S2 (dB) Total (dB) (TAC) (TAC)
90)X=80 100 9.96 10.03 -5.92 25.64 1,00 0.89
80yX=70 216 10.83 10,89 -5.92 25.83 1.00 0.92
Tmage 70yX=60 222 10.72 10.78 5,92 26,28 1.00 0.88
SNR Level 60)X=50 271 9.85 9.91 -5.92 27.12 0.93 0.77
30dB 50X =40 301 10,11 1016 -5.92 27.31 0.82 0.55
40yX=30 198 10.35 10.40 5.92 26.51 0.96 0.53
30)X=20 179 10.73 10.78 -5.88 26,60 0.96 0.57
Table 16, Case 3, simulation result for SNR 40dB
Case 3, Anglle ridls mean of SP  mean of SP mean of NP S\R (dB) CORR St CORR S2
condition S1 (dB) S2 (dB) Tota (dB) (TAC) (TAQ)
90)X=80 127 9.78 9.85 -15.92 35.69 1.00 0.88
80)X=70 253 10.77 10.83 -15.92 35.82 1.00 0.90
Image 70)X=60 263 10.69 10,75 -15.92 36.27 1.00 0.89
SNR Level 60)X=50 289 10.00 10.05 -15.92 36.97 0.90 0.76
40dB 50)X=40 301 10,10 10,15 -15.92 37.20 0.87 0.51
40)X=30 226 10.53 10.59 -15.85 36.45 0.92 0.62
300X =20 205 11,01 11.06 -15.92 36.91 0.93 0.66
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